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      Abstract
Slides sets, created in PowerPoint and by other means, should be collected and curated.  The value of possible collections of slide sets from institutional and other contexts is discussed.  This paper proposes a model: the essential intellectual content of a slide set can be identified as an abstract version of the information that survives translation of the slide set into PDF--text, formulae, important graphics.  TEI offers a suitable XML vocabulary for this purpose.  Alternate models and vocabularies are considered.
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    Efforts to collect and curate important intellectual documents have focused on books and journals, reports, and other forms of communication inherited from the past.  Efforts to currate new media are not so common or so mature.  In our present moment, slide sets are one of the most common newer forms for presenting information.  Despite their ubiquity and frequent reproduction and circulation, there has been little effort to collect and curate slide sets.  In this paper, I propose a model for encoding slides that can be used to collect and curate them. I will explore why slide sets should be curated, what elements of slide sets should be encoded, and what guidelines for encoding them might look like.  

    
    As I will propose, for purposes of curation, the essential intellectual content of a slide set can be identified as an abstract version of the information that survives translation of the slide set into PDF:  text, formulae, important graphics, but no animations, minimal if any description of style, and no distinction among the forty different ways slide software may progress from one slide to another.  TEI offers a suitable XML vocabulary for this purpose--even if this might be the first application of TEI to born-digital documents.  Others are also feasible, but the differences among them are less important than the difference between some representation of slide sets we can collect and curate and no such representation.

    
    A note on terminology:  Collections of slides prepared, most often (although not always), to be displayed for audiences of presentations are most commonly called--after the most-used software to produce them--“PowerPoints,” but “slide decks” or “slide sets” might be more appropriate, since sets of slides can be produced in any number of ways: by PowerPoint, KeyNote, Prezi, TeX with Beamer, or hand-rolled XML or HTML, or acetate, et cetera.   I will use “slide set” throughout this talk, and my proposed model should work for slide sets regardless of the technology with which they are produced.

    
 Why curate slide sets at all? PowerPoint belongs to a select group of software that is so
      disliked, one can buy tee shirts making fun of it.  Edward Tufte has famously argued that
      PowerPoint impedes communication and makes for ineffective, even irresponsible presentations.
      He concludes that slides should be replaced by handouts and PowerPoint is bad at producing
      those documents as well. From the curatorial point of view, however, the first question to ask
      is what functions slide sets serve; the answers can help us recognize the needs and potential
      value of curation.

      
    Documents often serve functions and have significance beyond their original design.  A driver’s license, for example, is more often produced in order to purchase alcohol and cold medicine, to cash checks, or to board an aircraft than as proof that the bearer is licensed to operate a motor vehicle.  Similarly, the primary purpose that a slide set is generally understood to serve is as a visual aid during a presentation.  Just like a driver’s license, however, slides are pressed into service in all sorts of ways.
  
    
    Slides can be surrogates for presentations where they had served as visual aids or they can be their own complete texts. Rather than only being tied to a specific presentation or event, slide sets may record details of which audience members will want a record in the future.  Speakers will often say, Don’t worry about copying down these references [or URLs, statistics, etc.], you’ll have them in the slides later, and so on.  I have PowerPoints on my computer that I keep for reference long after I attended the talks:  they have statistics and phone numbers and URLs that I don’t record anywhere else in any other form.  Sets of slides often circulate as complete documents in their own right, as containers of information.  

    
    Plato's Socrates was deeply troubled by the practice of creating a written record of a speech and circulating the text beyond the original setting.  But today we do it all the time.  By convention, slides have come to function, more or less explicitly, as records of face-to-face talks.  It’s common to seek out the slides from presentations we missed.  Thus they can be surrogates for the talks themselves.  

    
    As a chance to provide the first draft of notes, they can be artifacts of the speaker's intention. They can also reflect what speakers consider important, as some points would be committed to writing on a slide and others wouldn’t.  (This practice, it’s worth noting, is so well established that some speakers flout it, and use slides to display text they will argue with, or that will otherwise comment on the main points they make.)  In this way, they are significant and worth attention even if a complete transcript or video or audio is available.  

    
    Slides have particular significance in the context of higher education, as they strain under the load of educational content.  Campus disability programs mandate that printouts of slide sets be provided to some students before class.  This requirement depends on the assumptions that slides are used in most, if not every, meeting of every class and that much of the content to be learned can be found on the slides.  They have also become centerpieces of online education.  The instruction in MOOCs like the Khan Academy and Coursera consists mostly of desktop capture with audio, and these tend to center on slide decks.

    
    [image: Figure 1: Sometimes, slides are leaked (NSA Slides).]
        
      
Figure 1.Figure 1: Sometimes, slides are leaked (NSA Slides).  
    
    
    As a genre of document that many people in our current historical moment spend time creating and consuming, slide sets are worth attention.  However, when we imagine the potential value of large collections of slides, their value and the importance of curation becomes clearer.  

    
    For example, in higher education, we can imagine collecting all the slide sets used in online courses by one university over the course of so many years, or all resident and online courses of one term, or all the slides used in iSchools or CIC schools, or all the slides used for courses in Coursera, or all the slides used by professors in the University of Chicago’s department of economics, or all the slides created by a given prominent scholar.  Other collections are also possible, such as all the slide decks used in mission briefings in a given U.S. Army brigade while in Afghanistan over a given span of time.
   
    
    We can leverage large collections to ask interesting questions.  We could mine all citations and all hyperlinks.  Someone might want to see all slide sets from iSchool courses that have cited Noam Chomsky on, or all the individual slides in the collection where Chomsky is mentioned, or those that mention both Chomsky and Dublin Core.   How many have linked to a W3C Website?  How frequently do slide sets use media with Creative Commons licenses?  What kinds of maps are used in Army mission briefings?  
 
    
    The peculiarities of slides can express the conventions of audience expectations in specific disciplines, as well as the style of individuals--as is true of other textual forms.  Tardy finds that members of disciplines quickly learn how to conform their slide decks to their discipline and audiences.  Collections of slide sets would thus present important opportunities for those who study communication or information practices in various communities.
   
    
    If the collection is large enough, we can ask linguistic and other structural questions.  Text-mining could lead to linguistic discoveries, through techniques like topic-modeling.  We could also make discoveries about the use of the form itself.  How often are previews and other metalinguistic techniques used overall?  What does a typical first slide look like?  How many slides would it take to make a slide set too long?
 
    
    When we consider that slide sets are common currency in business, public life, and intellectual life, and the many kinds of information that collections of these sets could yield, the need to collect and curate slide sets should be more apparent.

    
    Beyond an assertion like, “every slide set contains at least one slide,” it's hard to generalize about all slide sets.  There are a dizzying number of possibilities to account for.
  
   
    Slides are produced by many different methods, each with vast feature sets producing their own versions of elements.  The mind boggles when we contemplate the many possible combinations of settings and options that are theoretically possible.  Stepping back from theory, we can reflect on the great diversity in actually existing slide sets in our experience.  There is a lot to account for:  slides, headings, text, text which might be formatted like a heading but is not serving semantically as a heading, numbers, formulae, citations, names of persons, names of places, hyperlinks, tables, graphics illustrative and decorative, images layered on images (e.g., circles and arrows), audio, animations, video, transitions, automated timed transitions and so on. 

    
    What are slides, really?  To convey information, they function very much like comic books (or graphic novels).  Slides contain graphics such as diagrams or photographs, limited text—-which can be a word or two—-and sometimes text quoted from another, and graphics that comment on other graphics, such as circled words and arrows.  Sometimes the images convey a lot of content, and other times they are merely illumination (or, "clip art”).  I would suggest that at bottom slides work through three relationships: elements in spatial relationships with each other on a slide, slides with chronological relation to each other, and slide sets in relation to the speaker.    

    
    The last of these relationships, I would argue, should be set aside for our purposes here.  On one hand, I would agree with Gross and Harmon and Knoblauch, among others, when they say that we can only understand slides as parts of a whole: individual elements on individual slides forming a slide deck and all aspects of speakers' delivery in interacting with them.  But on the other hand, this view ignores the many uses that slides are put to outside of presentations.
 
    
    In deciding what counts as content to be encoded, one choice we can make is a choice made by many creators of slide sets.  Slide sets are often distributed as PDFs.  So, we can conclude that many rhetors and audiences (senders and receivers) are content with the amount of information that survives after conversion to PDF:  text and images.  This does more than boil things down to a manageable scale.  This choice points to a discrete, coherent document to model.
  
    
    What is to be encoded, then, are the spatial arrangement of elements on slides and the chronological arrangement of slides in a deck.  I consider these two sets of characteristics as essential because this is what is preserved when slides are circulated outside of a presentation, and because most of what is left out of this model are aspects of delivery and would be best captured in audiovisual media.
  
    
    Although there are many more nuances to discuss about the rhetorical and semantic work of slides, the important point is that a functional model of slides would allow us to describe them independently of the software used to create them. 

    
    A number of vocabularies could be used to encode slides.  Presentation slides are often authored in XML in a number of vocabularies.  There is already a customization of DocBook that provides for the authoring of new slides (http://www.docbook.org/schemas/5x-custom.html#slides).  Use of DITA (http://docs.oasis-open.org/dita/v1.2/os/spec/DITA1.2-spec.html) is another possibility--a point I’ll return to later. 

    
    I suggest that it would be best to encode slides in TEI, which offers a finely developed vocabulary to account for the structural and semantic content of documents that would be of most use to curators, archivists, and other scholars.
   
    
    For the sake of elegance and parsimony, and also for ease of adoption by encoders and collectors, I believe the best model would be one that leaves TEI’s DTD unmodified, that is, without creating any new elements or significantly modifying any existing ones.  Thus semantic customization could be laid on top of the structure of the TEI P5 documents.
  
    
    Because slide sets present only one required element (at least one slide) beyond what TEI always requires, the rest of this model is going to look like suggestions, with a 
      surprisingly short list of TEI elements needed to represent slide sets. 
 
    
    So, from the top to the bottom, or outside-in:  

    
    TEI’s root element,  <text> , will serve to contain a sequence of slides.     

    
    Two elements in the standard TEI header will be particularly important.  First, the <publicationStmt> contains a <settingDesc>.  This can describe the setting, or the occasion, or the rhetorical situation:
  
    
    <publicationStmt>
	<profileDesc>
<settingDesc>  . . . Presented when-where-why?  Is occasion/context/situation an (FRBRish) event? </settingDesc>
</profileDesc>
</publicationDesc>

    
    The encoding at first might seem simple, but on further consideration might appear truly distressing.  If I use the set of slides corresponding to this paper to present my model to my seminar on document modeling, and then I close this file I’m working from and don’t open it again until I present to Balisage, or email it to someone who missed my talk, are these the same document?  I am tempted to say no, two events, two documents.  I must leave the implications for accounting for documents to be discussed at another time.
  
    
    Since the most meaningful encoding will be not single sets but collections, we should include collection or series of information in the TEI header:

    
    <fileDesc>
	>seriesStmt>
. . .   E.g.,  University of Illinois,  LIS 590 DM 2012, Meeting 5, 2 September 2012.  . . . 
	>/seriesStmt>
>/fileDesc>

    
    What is included here will depend on the goals of the collection and how the collectors keep track of slide sets. 
 
    
    Slides themselves can be encoded as <div>s:  <div type="slide”>.  They can be named or numbered, or not, to meet the needs of a given collection.  

    
    Blocks of text can be marked up with the <div> and paragraph-level elements. 
 
    
    Position is important, and TEI provides a mechanism for locating elements in the original text.  For our purposes X and Y coordinates in relative units like ems would do the job.  

    
    TEI provides a means of accounting for common features of slides, such as citations, both full and partial (<cit> and  <bibl>), personal and place names (<name> and  <placeName>), and dates (<date>).  
 
    
    Hyperlinks are common, and TEI provides elements not merely for noting them, but for glossing them:
  
    
    <ref type="url"> http://www. . . .  </ref>
<!– or -->
<ref
  target="http://www. . . . "> 
<!-- . . . . . --> 
<gloss>  . . . To identify where a link is going.  Particularly
important for short URLs.   . . .  </gloss>
</ref>

    
    Resolving and recording URLs is very important.  Often tiny URLs are used in slide sets, to make it easy for listeners to take them down.  The trouble is that these URLs take users to a third-party database (which may not be in business six months from now, or even if it survives may not retain all those user-created URLs), which in turn redirects to the full URL.  In encoding slides we should capture the destination, so as to record that “http:tin.y/blAh7” takes people to the Smithsonian Institution’s historic flashlight exhibit. 
  
    
    Images of many sorts are common: 

    
    <figure>
<graphic url=". . . "/>
<head>  . . . e.g. Figure 5 . . .</head>

<figDesc> . . . </figDesc>

<!--  or -->

<floatingText> . . .  </floatingText>
</figure>

    
    
      TEI provides for encoding the label (<head>), the text contained in a graphic (<floatingText>), and the textual equivalent of the image (<igDesc>). 
 
    
    
      Collectors' policies might decide whether or not to include speakers' notes.  Authors may or may not want them to be public.  But accomplishing this in TEI is simple enough: (<note place="margin">), or perhaps (<note place="slide">). 
 
    

    What about content the encoder adds or subtracts?  Should we note multimedia, transitions, and other content that we are not converting, like transitions and animations and multimedia and presenter’s notes?  Probably: <gap>.  TEI, of course, also allows us to mark tags we add, such as parts of speech, with <interp>.  

    
    This model makes assertions about slides and sets of slides: Every slide set contains at least one slide.  Sets of slides have authors and situations.  Individual slides do not have contexts or author independent of the slide set containing them. The order of slides is also determined only by the larger document containing them. Placing <settingDesc> in the header of a set of slides commits us to hierarchy.  This move will help to answer some broader questions about slides and how we should be modeling them.  

    
    We can move on to general questions about this proposed model and about this species of document.  Asking what is and is not accounted for can lead to a general discussion of the means and ends of this or another model.  

    
    Reducing slides to static text and images does leaves out a good deal from the original, including audio and video; animations; transitions; interactions between speaker and slides; and version history.   
 
    
    If a particular collector decides that it is valuable and feasible to include media (ideally in a form that is accessible to all users and will be for as long as the rest of the collection might be used), there is nothing in my proposed model to prohibit that.   

    
    As we consider other aspects of slide sets--for example, the automatic, timed transitions of pecha kucha presentations (with only images on slides and regimented time on each slide before it automatically advances)--these elements of the presentation interpenetrate delivery, and anything short of a complete transcript, or audio and video recording of the talk, will fail to capture every aspect of the presentation.  I’ve suggested that slides make meaning not only through elements in spatial relationships on slides and slides' chronological relation to each other, but also through the interaction of speaker to slides.  I am merely suggesting here a model for preserving the first two relations.
 
    
    Are we interested in encoding slide-sets or presentations?  Although my case below for not encoding more is for the most part pragmatic, I think that the proposed model is theoretically consistent.   

    
    Encoding presentations may be a worthy goal.  But at present there is no effective method of encoding delivery into XML.  So the only viable course here is to capture the video of performances.

    
    Slides, I have argued, are worth collecting, and that is what I am limiting myself to here.  

    
    The case for including the version history of slides is more compelling, but it would set us on an even more difficult path.  This view would start by observing that the slides we see have a long and often significant version history.  They are revised, corrected, distributed, revised after they’re distributed, revised during presentations, copied, borrowed, repurposed, stolen, corrected, reshuffled, added, subtracted, modified, and forked.
    
    
    Consider a scenario that represents a common kind of circulation of slides:  graduate student X is teaching for professor Y, and she uses a slide originally from professor Z.  Afterwards, professor Y adds the slide to his lectures.  This can be quite significant to anyone following the flow of ideas and the research of those involved.  If this still seems like trivia, suppose for example, that X and Y go on to win the Nobel Prize in economics. 
 
    
    Minor revision can include many changes to one slide.  Here is an example of two versions of one slide:

    
    
   
    
    [image: Figure 2: Early version of a slide]
        
      
Figure 2.Figure 2: Early version of a slide
    
    Let’s imagine that when this slide in Figure 2 was produced, the creator had little experience with PowerPoint, and used a built-in template to add text and image to a slide.  Design elements adopted here unconsciously end up carrying meaning to an audience.  The text above the image, for example, was styled as a header for the entire slide, and this was not the intention.  This points to a broader set of issues when it comes to encoding and real-world documents being created right now in our digital age.  Semantic choices are often obscured by users relying on procedural markup, and vice versa.  Most users of Microsoft word use formatting such as bold type and larger font-size to indicate headings, even though they have the option of using tags like <H1> and <H2>.  On the other hand, many slides produced in PowerPoint and other programs are done using templates, where semantics elements are supplied.  In one case, procedural markup indicates genuine semantic choices, where in the other semantic markup is used largely for cosmetic effect.   
  
    
    Later, the creator made changes mainly with the intention of not saying what was not intended:

    
    [image: Figure 3: a later version of the same slide]
        
      
Figure 3.Figure 3: a later version of the same slide
    
    Now in Figure 3 the first two sentences are distinct from the quotation, but are given equal stress.  The size and placement of every block of text and the image were altered slightly.  Whether all the changes have meaning is arguable, but I would admit that in principle it is less than ideal to cut off such an argument before it happens by not capturing the changes.
  
    
    Capturing all the changes could be very valuable.  It would also probably be a practical impossibility.  To begin with, noting all the changes on a single slide and encoding them in a way that can be handled by machines and useful to humans would be difficult.  TEI provides for storing multiple versions at the phrase level, with  <rdg> and <lem>.  As these small changes mount, the temptation grows to encode multiple versions of a slide complete, as changes fork in multiple directions.  And this would require significantly more work of encoding, and also creating a distinct schema, no matter which vocabulary we start with. 
 
    
    Faced with two versions of one slide, it might be easier to encode and include both versions.   This might require a modification of TEI's basic document model, to alter the behavior of the <app> element, along with <lem> and <rdg>, which as I read the guidelines can only contain phrase-level elements and cannot contain <div> or <p> or <ab>. There is no reason why a <rdg> could not contain the same elements as were in the <lem>.

    
    But I would suggest that a commitment to capture the addition, deletion, and reordering lies on a path to ruin.  We have by this point left TEI behind, and I would find it difficult even to compose a workable model in the abstract that could encode all the revision history of slide decks that could be handled mechanically and understood by humans, even if we would all agree on their value.
   
    
    Accounting for revision history of slides would be a valuable effort, but also a much more ambitious one, and it would require a significant modification of TEI, perhaps importing more from a vocabulary like DITA.  If we were sufficiently ambitious, DITA might  allow for a model that allows individual slides to float free as <topic>s, gathered into this or that <map>, representing a deck of slides for a given presentation.
 
 
    DITA, however, does not provide the vocabulary for marking all the historical elements of the text.  We would either be importing a number of TEI elements into a modified DITA, or the reverse, and both choices are frightening.  I must respond to this alternative view on pragmatic grounds. 

    
    The hierarchy inherent in our model encourages parsimony.  If I use the slides from another professor's lecture in a lecture of my own, with limited alteration, the slides are all mine, delivered in my class. <SettingDesc> resides in the header and is inherited by the slides contained in the document.  The provenance of individual slides is a matter for a footnote.  

    
     In his late-breaking paper at this conference, Eliot Kimber reported that the newly-developed Apache POI library (http://poi.apache.org/) allows for converting Microsoft Powerpoint documents (both the current .pptx format and the previous .ppt format) into XML in useable syntax, and vice versa.   I would like to see large collections of slides.  I am working towards a model that would be taken up easily and quickly by presenters and encoders.  
 
    
    My goal in this presentation is also simple enough: I want to start a conversation about the curation of slide sets.  In our present moment, vast collections of slides are created that could be meaningful in understanding the moment we live in, to both our present and future selves.
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      Abstract

        This paper presents an ongoing CLARIN project that implements a library and web
        application for data management in language documentation and language typology. The
        project uses annotation graphs as pivot format, as described by ISO 24612 "Language
        resource management - Linguistic annotation framework (LAF)". The standard contains
        an XML representation of annotation graphs. We will show hwo we map common file
        formats onto annotation graphs and how this stand-off approach will improve
        linguistic workflows and data management in language documentation and typology.
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    Introduction

    
      Field linguists in language documentation projects have increasingly adopted the latest
      technologies and tools. Their work have led to remarkable developments in digital corpora,
      exemplified by The Language Archive at the MPI in Nijmegen. The next step in research is
      now the analysis and theoretical exploitation of the huge amount of data that has been
      collected in numerous language documentation projects. This research will rely on
      computer-based strategies, as data is already available in digital formats.
    

    
      In our talk we will present a recent project within the CLARIN framework
      ("Common Language Ressources and Technology Infrastructure") that develops a solution
      for researchers to access the data collected in language documentation
      projects via GrAF data structures. Our project consists of three parts:
      

        	
          
            graf-python: a Python implementation of GrAF as defined in the ISO document;
          

        

        	
          
            Poio API: a Python library that maps data formats used in language documentation to
            GrAF and back again;
          

        

        	
          
            CLASS: a web application that provides a REST and user interface to access, search
            and modify the data.
          

        

      

      We will focus on the advantages of the radical stand-off approach (internally and via its
      XML representation) for collaboration in language documentation and analysis projects. We
      will also show how our project connects to existing infrastructure via building a bridge
      to existing identity providers within the linguistic, scientific environment.
    

  

  
    A Common Research Infrastructure

    
      The project was developed by the German section of the European CLARIN project
      [1]. The CLARIN
      project aims at establishing a web-based research infrastructure for the social sciences
      and humanities. The infrastructure embraces existing standards and focusses on loosely
      coupled REST-style web services. To assure interoperability, Text Corpus Format (TCF)
      [2] –  an exchange format for annotations – has been
        defined. TCF is fully compatible with the Linguistic Annotation Format (LAF) and
        Graph­based Format for Linguistic Annotations (GrAF).
    

    
      The DoBeS-Archive [3],
      one of the biggest digital archives for data from language documentation projects, is
      part of this infrastructure project. The CLASS webservice
      interfaces with this archive as part of the CLARIN infrastructure.
    

  

  
    GrAF and Poio API

    
      One problem that our research field faces at the moment is that the data and annotations
      show a highly heterogeneous layout. Not only are there different file formats in the
      archives, but the structure of "tiers" and the annotation schemes used differ
      from project to project. Our implementation aims at unifying the existing data formats and
      the existing tier hierarchies into a standardized pivot format as defined by ISO 24612
      "Language resource management - Linguistic annotation framework (LAF)"
      [4]. This standard
      is based on annotation graphs and was developed as an underlying data model
      for linguistic annotations [idesuderman2007]. The "Graph Annotation Framework"
      (GrAF), an implementation of LAF, was originally developed to publish the "Manually Annotated Subcorpus" (MASC)
      of the American National Corpus
      [5],
      and consists of three parts:
      

        	
          
            an abstract data model;
          

        

        	
          
            an API for manipulating the data model;
          

        

        	
          
            a simple XML serialization of the data model.
          

        

      

      As the data model and its specification is somewhat liberal regarding the layout of the
      data, we had to define a common annotation graph structure for data from language documentation
      projects in the beginning (for the advantages of the liberal approach of GrAF for our
      purposes see Language Documentation and Language Typology.). In our project we use the Graph Annotation Framework
      version 1.0[6].
    


    
      Converting from and to GrAF and GrAF-XML

      
        We started with the XML representation
        of a software called Elan [7], which
        is the de-facto standard in language documentation at the moment. First, we separated the metadata content of Elan's
        EAF files from the bare content with data and annotations. Most meta-data contained in Elan
        describes the types and restrictions on linguistic tiers, which we store seperately to the
        graphs. The graphs itself capture two items: The tier hierarchy in the EAF file and
        the content of the annotations.
      

      
        The following listing shows the start of one tier that stores "utterances" in the EAF file:

        

  <TIER DEFAULT_LOCALE="en" LINGUISTIC_TYPE_REF="utterance" PARTICIPANT="" TIER_ID="W-Spch">
    <ANNOTATION>
      <ALIGNABLE_ANNOTATION ANNOTATION_ID="a8" TIME_SLOT_REF1="ts4" TIME_SLOT_REF2="ts23">
        <ANNOTATION_VALUE>so you go out of the Institute to the Saint Anna Straat.</ANNOTATION_VALUE>
      </ALIGNABLE_ANNOTATION>
    </ANNOTATION>
    <ANNOTATION>
      [...]
    </ANNOTATION>
  </TIER>
        


        The tokenization into individual words are stored in a seperate child tier for "words":

        

  <TIER DEFAULT_LOCALE="en" LINGUISTIC_TYPE_REF="words" PARENT_REF="W-Spch" PARTICIPANT="" TIER_ID="W-Words">
    <ANNOTATION>
      <ALIGNABLE_ANNOTATION ANNOTATION_ID="a23" TIME_SLOT_REF1="ts4" TIME_SLOT_REF2="ts6">
        <ANNOTATION_VALUE>so</ANNOTATION_VALUE>
      </ALIGNABLE_ANNOTATION>
    </ANNOTATION>
    <ANNOTATION>
      [...]
    </ANNOTATION>
  </TIER>      
        


        Both tiers being time-aligned, the basic video or audio data serves as reference
        point to describe which annotations of a child tier are contained in one annotation
        of the parent tier. As this layout is already a stand-off annotation (although
        everything is stored in a single file) the transformation to annotation graph is
        an easy task. The utterance is stored as a GrAF node with an annotation that
        contains a feature structure. The first annotation of the tier W-Spch with the
        annotation value "so you go out of the Institute to the Saint Anna Straat." looks
        like this in GrAF:

        

  <node xml:id="utterance..W-Spch..na8">
   <link targets="utterance..W-Spch..ra8"/>
  </node>
  <region anchors="780 4090" xml:id="utterance..W-Spch..ra8"/>
  <a as="utterance" label="utterance" ref="utterance..W-Spch..na8" xml:id="a8">
   <fs>
     <f name="annotation_value">so you go out of the Institute to the Saint Anna Straat.</f>
   </fs>
  </a>
        


        The <node> is linked to a <region> that contains the values of the time slots
        of the original EAF file. The annotation <a> for the node has a feature structure
        <fs> with one feature <f> for the annotation
        value. The corresponding annotation for the "word" annotation in EAF looks
        like this:

        

  <node xml:id="words..W-Words..na23">
   <link targets="words..W-Words..ra23"/>
  </node>
  <region anchors="780 1340" xml:id="words..W-Words..ra23"/>
  <edge from="utterance..W-Spch..n8" to="words..W-Words..na23" xml:id="ea23"/>
  <a as="words" label="words" ref="words..W-Words..na23" xml:id="a23">
   <fs>
     <f name="annotation_value">so</f>
   </fs>
  </a>
        


        The node for the word annotation is similar to the utterance node, except for
        an additional <edge> tag that links the node to the corresponding
        utterance node. Nodes and edges are created for all annotations of tiers that have
        time slots and a parent tier in EAF (those tiers have the stereotype
        "Time Subdivision" in EAF).
      

      
        Poio API contains a plugin mechanism to allow future support of other file formats
        that can be mapped onto GrAF structures. This mechanism consists of base classes
        for Reader and Writer classes that are used by a general
        Converter class which constructs the graph. This architecture minimizes
        the amount of work needed to implement support for new file formats. The basic
        idea is that we map the semantics of file formats in language documentation onto
        annotation graphs, thus creating a certain subset of general annotation
        graphs that is suitable to store the information from the original files.
        The notion of "tiers" also has to be mapped and stored in annotation graphs
        during conversion. This will be explained in the next section.
      

    
    
      Tier hierarchies

      
        In Elan, information about the tier hierarchy is stored only implicitly with the
        layout of our graph. However, there is no restriction in GrAF itself that would
        disallow a node in the word tier to connect to any other node in other tiers but
        the utterance tier. This is not possible in Elan. To describe those restrictions
        we added another data structure in Poio API that we call "data structure type".
        This data structure separately stores information about any tier hierarchy that we
        can extract from the graph later. A simple data structure type indicating that the
        researcher wants to tokenize a text into words before adding a word-for-word
        translation and a translation for the whole utterance looks like this:
        

[ 'utterance', [ 'word', 'wfw' ], 'translation' ]
        

        One advantage in representing annotation schemes through those simple trees
        is that the linguists instantly understand how such a tree works and they can give a
        representation of "their" annotation schema. In language documentation and
        general linguistics researchers tend to create ad-hoc annotation schemes according to
        their background and then normally start to create only those annotations related
        to their current research project. This is for example reflected in an annotation
        software like Elan, where the user can freely create tiers with any names and
        arrange them in custom hierarchies. As we need to map those data into our internal
        representation, we try to ease the creation of custom annotation schemes which are
        easy to understand for users. Subsequently, users can create their own
        data structure types and derive the annotation schemes for GrAF files from those
        structures.
      

      
        The node IDs in our GrAF data have a prefix that also contains the
        tier name (for example the utterance node: <node xml:id="utterance..W-Spch..na8">).
        In the case of Elan the tier name in the node ID is preceeded
        by another string, the so-called "Linguistic Type" of Elan. This is a general restriction
        of our annotation graphs: we use those string IDs to be able to query the
        graphs quickly, for example to get all annotations which are children
        of another annotation on a certain tier, or to get all annotations for a "Linguistic Type".
        In other words we apply the semantics of tier-based annotation
        onto annotation graphs and make sure that the graphs we create and that the user
        handles in Poio API are a valid subset of general annotation graphs, as we defined it.
        The advantage of this approach is that within Poio API we are sure that the annotation
        graphs show a certain layout. The following sections will give an outlook on how this
        basic unification will support collaborations and scientific workflows in the future.
      

      
        We also want to mention that we store the annotations of each tier in a separate file
        in GrAF-XML. This radical stand-off approach allows easy sharing of annotation files
        and unsupervised collaboration, as discussed in Annotation graphs in linguistic workflows and collaborative projects. Still,
        we do not propose to introduce GrAF-XML as another file format for software tools
        or archiving in language documentation, but as an easy way to serialize annotation
        graphs for later processing in a scientific workflow.
      

      
        All in all, it was an easy task to map an Elan
        EAF file to an annotation graph in GrAF. Those graphs are now the basis for other
        mappings of file formats onto GrAF. We are currently working on mapping from SIL
        Toolbox files, Typecraft XML files and Weblicht TCF files.
      

    
  

  
    Annotation graphs in linguistic workflows and collaborative projects

    
      Annotation graphs have long been discussed as the underlying data model for
      linguistic annotations [birdliberman2001]. Furthermore, the graphs
      itself can be used to extend and augment existing corpora without a central,
      supervising instance. As the XML representation of GrAF constitutes a radical
      stand-off approach, it is possible to add and mix annotation tiers in collaborative
      projects without administrative overhead (for advantages of radical stand-off
      solutions against previous approaches see [caylesssoroka2010]
      and [banski2009]). The amount of work to
      manage and synchronize the data is thereby kept as minimal as possible.
    

    
      In contrast to Elan we store each tier in a separate XML files, so that users can
      share annotations independently from any other tier and across sources. With this stand-off
      approach, a common data structure and unified access via an API facilitate the
      analysis of linguistic data, for example in typological research.
      GrAF itself was developed with interoperability in mind, so researchers
      can also use existing workflow tools like GATE and Apache UIMA in analysis
      [idesuderman2009].
    

    
      Last but not least, existing graph-based methods can now be applied directly on
      the linguistic graphs in analysis, for example graph-traversal algorithms to
      generate co-occurrence statistics of annotations (for preliminary thoughts in
      that direction see also [idesuderman2007]). Graph visualization
      techniques can be instantly used by researchers to gain insight into their data
      and allow distant reading.
    

  

  
    Language Documentation and Language Typology

    
      Data used in documentary linguistics and language typology is different from data
      used in other areas of linguistics. The data produced in language documentation
      projects consists mostly of audio and video recordings with time-aligned annotations.
      This predominance of time-aligned annotations determines the requirements for data
      structures. Because of these requirements an annotation format used in this area
      of linguistics should allow the definition of regions of media recordings using timestamps
      as well as string ranges of annotations.
    

    
      The linguistic diversity of the data in documentary linguistics and language
      typology makes the creation of standardized tag sets difficult, if not impossible,
      and even tier hierarchies differ considerably. Furthermore, many documented and
      analyzed languages will be subjected to further research and projects need to work with competing annotations
      and analyses. The specifics of the data and research questions require a format that
      can represent these complex and varied structures, while providing a unified access
      to data and annotation.
    

    
      We hope that the usage of annotation graphs as pivot structures and the unification
      of tier-based annotation via our subset of graphs will help in the ongoing task
      to unify tier structures and annotation schemes. The
      annotation graphs that our library constructs may be augmented, for example,
      with ISOcat links, added as regular features to already existing feature
      structures. : This way, the mapping between different tier structures and annotation
      schemes remains very general and does not depend on any file format.
      In this sense we see Poio API as one important building block to support cross-corpus
      research projects in the future.
    

  

  
    CLASS web application as gateway to the archive

    
      The CLASS web application implements tools for search and analysis based on
      Poio API, provides easy-to-use web interfaces to facilitate field linguist's
      research and integrates with CLARIN service infrastructure. In order to offer
      a convenient web based workflow it is desirable that the users of the application
      may access resource files for analysis directly from CLARIN data centers and
      other sources.
    

    
      The main target of this effort is currently the DoBeS corpus, a core resource
      maintained by the TLA (The Language Archive) at the MPI (Max-Planck-Institute
      for Psycholinguistics, Nijmegen, NL). Since most of the collections within the
      corpus are protected on a personalized level for privacy and ethical reasons and
      may only be accessed by the corresponding owner or research group, the retrieval
      of data by external services has not been viable in the past.
    

    
      The CLASS web application will introduce a solution to this problem using single
      sign-on technology in a delegated scenario. The implementation will enable users
      to allow the CLASS service to access the data without exposing their credentials
      to the service itself. This behavior has become increasingly popular with social
      networks and cloud services (Google, Dropbox, Twitter, Facebook etc.) and is widely
      accepted by internet users but has had little impact on scientific practice.
    

    
      The infrastructure for Federated Authentication in scientific networks has already
      been established by national and international programs such as CLARIN using the
      Shibboleth/SAML protocol. Maintenance and configuration of delegated scenarios in
      large federations however prove impractical and the underlying profile ECP
      (Enhanced Client or Proxy) is currently not supported by the majority of Identity
      Provides within CLARIN and DFN-AAI (German Authentication and Authorization
      Infrastructure). To reach the goals of this project we are collaborating with
      the TLA in introducing a SAML/OAuth2 bridge, thus combining Federated Authentication
      with the benefits of OAuth2 delegation. The experimental nature of this implementation
      comes with the risk of the first-mover but will largely improve accessibility of
      research data in field linguistics once successfully established.
    

  

  
    Summary and outlook

    
    We have shown how our project maps data from a common XML format in language documentation to a
    unified data structure and its XML representation as defined in ISO 24612. Those annotation
    graphs are a big step forward on the way to unified access to data and annotations from language
    documentation projects. Future projects in language typology and quantitative language comparison
    can make use of this unified access via the easy-to-use programming interface as defined
    in Poio API, without having to handle and parse different file formats. As soon as the data
    was transformed into annotation graphs as defined by GrAF, the individual tiers can be shared
    as GrAF-XML and extended independently without any supervising instance. Our hope is that this
    will foster collaboration in future analysis projects. GrAF-XML can then be used as a common
    interchange format in those projects.
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         Abstract
In a project to build a web-based auto-generated forms framework, we needed to decide
            whether to use XForms for the 'designer' user interface as well as for the generated
            forms. In trying to make this decision it became apparent that, at a fundamental level,
            there are two distinctly different means to develop web-based interfaces. These two
            means, or approaches, can be described as 'data-driven' or 'behavioural'. We suggest
            that the Model-View-Controller (MVC) design 'pattern', which is now becoming popular as
            terminology for describing the basis of several JavaScript web development frameworks,
            is of limited practical usefulness as it encompasses too many variants. In contrast, the
            distinction between 'data-driven' and 'behavioural' approaches seems to be a more
            useful. In particular, it provides clarity in distinguishing the respective benefits of
            using 'XML technologies' (particularly XPath) versus other object-based alternatives for
            web application development. This distinction is illustrated using working examples from
            this on-going project. Some implications, such as the role of schema documents in the
            data-driven approach, the practicality of writing XML 'as code', and issues encountered
            with the 'XRX' architecture are also discussed.
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      Introduction

      
         The concept of the web as a
         giant database
         and the use of REST 'resource-based' architectures for
         getting data from users or providing it to them in an easy to use way
         was well described in a Balisage 2008 paper
         cagle2008
         . Specifically, that author describes the attraction of XForms as a means to generate user
         interfaces cost-effectively:
         

            "One final aspect about XForms forms makes them especially attractive as resource
               oriented architectures become more prominent. It is possible using schemas and
               related modeling tools as sources to generate (via one or more XSLT transforms) a 'preferred' XForms document that can capture much if not all of an underlying XML
               data model instance.

            
               This can often be used to create just-in-time editors that cut down dramatically on
               the amount of user interface development necessary to build web-based applications,
               making such applications far more attractive in situations where the cost of
               developing such applications normally significantly outweighs the benefits to
               automating these systems, especially when coupled with Atom(Pub) and XQuery based
               systems."
         cagle2008

         

      
         The notion of generating XForms based user interfaces from off a schema is an attractive
         one
         spillner
         ,
         blommestein
         . Indeed at one point, an 'XML Forms Generator'(XFG) (generating XForms forms) was
         available for free
         ibm2006
         . In a free and open-source project 'Schema-to-XForms' (S2X)
         cameron2011
         to build a web-based generated forms framework, such "editors" (forms) where successfully
         generated from an XML Schema
         xmlschema
         document as combined HTML and XForms markup.
      

      In order to capitalise on this cost-efficiency, it is also desirable to provide a
         similarly cost-effective means to create the schema documents from which the forms are
         generated. Providing such a combined schema designer and forms generator as a single
         package, as well as providing a means of saving the generated forms and form submitted
         data, would make this web-based approach to data-management an end-to-end solution.
         Creation of such a schema designer is a goal of S2X, at the time of writing, one still at a
         'proof-of-concept' stage.

      As XForms forms are essentially structured data editors and XML Schema is a XML
         structured data format, it was of interest to see if such a schema designer could be built
         using XForms. To the user of this solution it could essentially appear as a 'form for
         designing forms'.

      A successful result depends on the capabilities of the W3C XForms recommendation to
         handle a complex set of requirements and allow creation of a user interface whose
         functionality can be comprehended reasonably easily. In attempting to achieve this
         end-to-end solution in S2X it became clear that XForms does provide a very flexible means
         of building complex editors. Also, that an analysis of the conceptual basis of the XForms
         standard and contrasting it with those of other approaches to browser-based user interface
         design, would be both useful and informative. Such an analysis would allow a decision as to
         whether the schema designer is fully realisable and also, probably inform the development
         of the forms generation process as well.

      This paper reports results of that analysis, a description of the work completed to
         date, and presents conclusions.

      
         XForms: which 'Model-View-Controller'?

         
            XForms is commonly perceived to be a so-called 'Model-View-Controller' (MVC) kind of
            design; indeed the current XForms 1.1 W3C recommendation
            boyer2009
            describes itself as being MVC. Software design 'patterns'
            patterns
            perform a very important role in making available the accumulated wisdom of others in
            what is essentially a largely creative process, the building of software. But to perform
            this role, such patterns must have a clear and specific definition, and example
            implementation. As such, Model-View-Controller (MVC) is not a pattern but a category of
            patterns as it has been used to describe a wide range of implementations. A quote
            illustrates this problem with MVC:
            

               
                  "Different people reading about MVC in different places take different ideas from
                  it and describe these as 'MVC'. If this doesn't cause enough confusion you then
                  get the effect of misunderstandings of MVC that develop through a system of
                  Chinese whispers."
                  fowler2006
               

            

         
            As a category, MVC has one constant feature, which is to separate the Model (the data)
            from the View (what the user sees) and then to connect, or 'bind', the two such that
            changes to the Model are propagated to the View automatically. In the original
            description of MVC
            mvc
            a Controller's function was to mediate between the View and the Model, to receive input,
            either via the View or independently of it, and to update the Model. Another key
            function of a Controller was to 'control' the View to enhance the user's mental picture
            of the Model.
         

         Subsequently, it is the role and implementation of Controllers in different MVC
            implementations that seems most varying, sometimes mediating between the Model and View
            sometimes not.

         
            XForms with its attractive feature of Model-View binding does, we agree, fit within the
            MVC category. However, MVC was defined in the world of object-oriented programming and
            XML as markup is data not an object. There are two important points to make here:
            

               	
                  The term 'model' in object-oriented programming is used mainly to describe
                     the features of the language, namely their 'classes' which allow a modeling of
                     reality in code. Classes encapsulate data (properties) and have behaviour
                     (methods), modeling of behaviour is primary and properties are usually made
                     behavioural via getter and setter methods. A key example of this use of the
                     term model is found in the name of the 'Document Object Model' class, used to
                     convert markup data into a Document object, made useful via its associated
                     methods.

               

               	
                  In the world of the web, the "giant database", the term 'model' is mostly
                     used in referring to a 'data-model' of data 'resources', or alternately use of
                     the word 'schema' to refer to a data-model describing the structure and
                     relationships of the set of conforming 'documents'. Significantly, there is no
                     behaviour involved in this use of the word 'model'.

               

            

         
            This big difference of emphasis in the use of the model concept, between data-modeling
            and behaviour-modeling, is one key reason why we suggest that describing XForms as being
            an 'MVC' type of design is not that helpful in attempting to explain the merits of using
            declarative XForms versus other explicitly object-oriented MVC frameworks, particularly
            on the web. Instead, we suggest that a more contrasting and technically correct
            description of XForms exists, which requires no direct reference to models. Indeed, the
            true MVC pattern which XForms implements causes debate amongst XForms implementors as
            well, as has recently been discussed.
            vandervlist2013
            .
         

      
      
         The XForms 'Controller'

         
            Another likely source of confusion around the MVC of XForms is the lack of any explicit
            Controller declaration. As stated above, Controllers are a varied and confusing aspect
            of MVC generally, but in XForms we are told that there is "an imperative controller for
            orchestrating data manipulations, interactions between the model and view layers, and
            data submissions"
            boyer2009
            . Clearly from this definition there is one controller that 'orchestrates' pretty-much
            everything behavioural. In fact, people commonly refer to this Controller as being an
            XForms 'engine', a term which reflects this global orchestration function.
         

         In light of this 'implicit' single controller/engine aspect of XForms and, that
            XForms is designed to be embedded within a host language, there would seem to be little
            reason to differentiate conceptually between the single controller/engine of XForms and
            the agent translating the host language markup into a Document object for the purpose of
            building a View. There is no Controller in the MVC sense of an object created by a
            developer to mediate between user, Model and View, which would seem to be a key reason
            to want to make use of MVC.

      
      
         XForms are 'Data-Driven'

         This paper proposes that a more informative way to think about the relative strengths
            of XForms is by considering it within the context of the broader family of XML
            technologies, rather than its links to object-oriented design through its apparent MVC
            implementation.

          If XML is data, then we can think broadly of XML technologies as being used to
            process data. The way that this processing occurs, in general, differentiates XML
            technologies from an object-oriented approach. XML technologies, it can be argued,
            simply observe data and 'act' on it, whilst with object-oriented programming, modeling
            behaviour is the primary concern and data is generally secondary.

         
            The main strength of the XML approach is efficiency: it provides a universal and very
            flexible hierarchical data-modeling grammar, and also has, via the XML standards (XSLT,
            XProc, XQuery), means to define our required data processing actions, so allowing us to
            build flexible data processing systems at low cost. Such systems work because the system
            and data are separate and interacting. This approach is usually referred to as
            'data-driven programming', for example:
            

               
                  "When doing data-driven programming, one clearly distinguishes code from the data
                  structures on which it acts, and designs both so that one can make changes to the
                  logic of the program by editing not the code but the data structure."
                  raymond2003
               

            

         To describe XML technologies as being solely of a data-driven kind is too simplistic,
            but if we picture a continuum between the data-separation of pure data-driven and the
            data-encapsulation of pure object-oriented, this provides a useful framework for
            analysis of relative strengths of different approaches, like XForms.

         We can see that a browser agent is in large part a "data-driven" user interface
            "program" that processes HTML and other markup "data" to build a view. So, in the case
            of HTML hosted XForms forms in the browser agent we "make changes to the logic of the
            program" by editing (or generating) both HTML and XForms markup "data". This is the
            basis of the declarative approach fundamental to browser function, an approach extended
            on by XForms. We can picture this data-driven approach in XForms as providing an
            opportunity to efficiently leverage the capabilities of a complex piece of software, the
            browser "program", by sending it declarative ('what' not 'how') instruction "data". For
            programmers familiar with object-oriented languages this is a fundamentally different
            paradigm.

         Apart from thinking of XForms as being of the data-driven approach, the declarative
            "logic" of an XForms form (via actions, refs, binds) is made possible through XPath,
            using both its navigational and its predicate definitional power. So, we can go a step
            further and think of XForms as being 'data-structure-driven'.

      
      
         Contrasting Data-Driven and Behavioural Systems

         
            Our analysis above suggests that the most informative contrast isn't between data-driven
            and MVC based user interfaces, but instead between data-driven and behavioural ones. In
            part, this insight came from reading about an object-oriented pattern where an
            automatically generated user interface is intrinsic, the so-called 'Naked Objects'
            pattern.
            pawson2004
         

         With Naked Objects, any attempt to provide an 'intuitive' user interface using
            conventional idioms, such as menus for selection of specific views built to enable
            specific use-cases, is abandoned in favour of exposing 'behaviourally complete' objects
            directly to the user. Naked Objects systems are said to empower users to solve problems
            rather than just to perform prescribed tasks.

         The Naked Objects pattern is predicated on taking full advantage of the behaviour
            modeling capabilities intrinsic to object-oriented languages. Effort spent building user
            interfaces is considered better spent in building the behavioural system model, as
            expressed in choice of classes, class methods and inter-class relationships.

         The contrast between a data-driven approach (particularly as expressed in the design
            of the World Wide Web) and a behavioural object-oriented approach (particularly that in
            Naked Objects) for building user interfaces is illustrated by the following two
            diagrams.

         
            
               [image: ../../../vol10/graphics/Velasquez01/Velasquez01-001.png]
            
            
               Diagram 1. Multiple 'data-driven' user interfaces showing separation of data
                  and viewing systems.
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               Diagram 2. A 'behavioural' user interface of the Naked Objects pattern.
            
         

         In the Naked Objects pattern, any notion of adding specific customisations to the
            generated interface is totally absent. The interface is produced real-time via a
            'viewer' layer that interprets the 'class-model' object instances via naming conventions
            and class and method annotations. Based on the experience of Naked Objects it's possible
            to imagine generation of XForms user interfaces, but only if whatever additional 'logic'
            required can be integrated into the source 'data-model' as input to the generation
            process, rather than being added to the generated results and so leading to future
            maintenance issues.

      
      
         XForms Applications Use XML For State Persistence

         
            The Representational State Transfer (REST) architectural style is, as the name suggests,
            about transfer of state between server and client and vice-versa
            fielding
            . In the case of our XForms based Schema Designer interface, the state of the designer
            is the XML Schema document, and its included annotations, which the user is designing.
            This is the 'state' to 'transfer' in a 'representation' format (e.g. XML, JSON) across
            the network from the client to a server for persistence, so changing the server state,
            then at some later point, to transfer back to the client to restore the designer to its
            original state.
         

         XML is often used in this manner within applications, to "save the work" from the
            users perspective but from the application developers perspective, state has a broader
            meaning, including hidden aspects of the user-interaction, like an undo-redo history,
            user-customised views (often 'Controller' state) etc. This common use of XML for state
            persistence is a result of the flexible data-modeling capabilities of XML.

         XForms, being effectively a standard for building XML Editors, is at the same time
            inherently capable of being used for building applications. This saving and reloading of
            state is simply a matter of submitting (putting) the edited data instance for
            persistence to a server and retrieving (getting) it back into the XForms form again
            later.

         The data-driven nature of XForms forms uses the input markup data to build a
            dependency tree that binds data (model) to view. This approach avoids any need for
            serialisation and deserialisation of the state of individual controllers in this state
            transfer process, as would usually be needed in an object-oriented MVC application.
         

      
   
   
      Implementation

      
         Schemas and Generated Forms

         XForms form generation from an XML Schema data-model is suitable for a data-driven
            process, as described above, and this is reflected in the choice of XSLT for forms
            generation in this project. Using XQuery is another option but the use of XSLT gives the
            option of doing the generation client-side through native support of XSLT 1.0 in most
            browsers.

         
            The main features of the forms generation processing are as follows:
            

               	
                  Schema annotations are used extensively to include transformation guiding
                     parameter values into schema element appinfo elements.

               

               	
                  The schema transformation process occurs in two stages, the first stage
                     produces a logical-model of each form by transforming type references from the
                     model into equivalent simple or complex element definitions, each form
                     logical-model so becoming a tree.

               

               	
                  Also in the first stage, transformation parameters present as schema
                     'appinfo' annotations are translated into form rendering elements enclosing
                     their schema element.

               

               	
                  In the second stage of the transformation, model data instances, and also
                     binds, are created by traversal of the element trees created in the first
                     stage. Also, specific templates 'match' the form rendering elements created in
                     the first stage in order to create the XForms view elements and associated
                     layout HTML markup.

               

            

         The main reason for adopting this two stage process, is to provide a more transparent
            means for the transformation templates used to create view parts, as described in item 4
            above, to be over-ridden in the second stage through the definition of 'override'
            templates with more specific matches. Thus, we hope, providing an effective means for
            specific customisations to be added into the forms generation process.

      
      
         Designing Complex User Interfaces Using XForms

         An equal priority in the S2X project, as the generation of XForms forms from an XML
            Schema, has been the creation of an XForms based Schema Designer to allow users to
            create their own XML Schema documents. This effort has leveraged both the distinguishing
            'data-structure-driven' aspect of XForms and also the use of XML for persistence of
            application state, both features of the XForms standard, as described above,
            'by-design'.

         In terms of the contrast between a data-driven user interface and a behavioural one,
            both described above and illustrated in Diagram 1 and Diagram 2 respectively, the
            following diagram illustrates the main data-driven features of the Schema Designer.
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               Diagram 3. Data-Structure-Driven Schema Designer user interface using XForms
               
            
         

         Although the data-structure-driven approach of XForms is mainly dependent on the
            capabilities of XPath, as shown in the above diagram and described in the Introduction,
            designing a complex application style user interface requires design aspects that assist
            the user in working effectively. We do desire to guide the user to make appropriate
            choices or inputs according to the specific aspect of the data editing task that they
            are currently undertaking. To do this effectively we can leverage the Model-View binding
            of XForms, and XPath's capabilities, to change the options visible to the user in a
            data-context sensitive way. Note that this is a main contrast to the approach used in
            Naked Objects where options are provided to users through the designed behavioural
            completeness of the currently visible 'naked' objects.

         The XForms standard provides different means to control what is visible to the user
            within this data-context sensitive approach. This capability is taken advantage of in
            both the schema generated forms and the Designer. It's clear that highly dynamic user
            interfaces are easily created as a result of this XForms capability, which is actually
            an extension of its data-structure-driven basis. To illustrate this point, some specific
            aspects of the Designers 'design' data follow:

         
            	
               
                  Select parent in repeat and show children via repeat index:
                  

                     
                        This means is used to allow simplified navigation of a tree (in absence of a
                        treeview). The children of the xsd:schema root node are displayed using a
                        repeat (we want to display any schema xsd:element and xsd:type nodes but not
                        a single initial xsd:annotation node)
                        

<xforms:repeat nodeset="instance('built_schema')/*[not(self::xsd:annotation)]"
    id="elements_and_types">
    ...
</xforms:group>

                        The currently selected repeat item is displayed as a tree (see next) within
                        a group
                        

<xforms:group ref="instance('built_schema')/*[index('elements_and_types')+1]">
   ...
</xforms:group>

                  

            

            	
               
                  Making a tree with count of ancestors to get indent spacing:
                  

                     
                        This means provides a simplified treeview display. We create a simplified
                        view of the schema, within the group created above we have the following
                        

<xforms:repeat nodeset="descendant::*[self::xsd:element|self::xsd:attribute|self::xsd:sequence|self::xsd:all|self::xsd:choice|self::xsd:group]"
               id="element_details">
   <div>
      <xforms:output value="substring('&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;&#160;'
                    ,1,3*(count(current()/ancestor::*[not(self::xsd:element|self::xsd:complexType|self::xsd:simpleType)])))" />
      <xforms:trigger class="node_label" appearance="minimal">
         <xforms:label>
            <xforms:output value="concat(local-name(),':&#160;')" />
            <span class="element_name"><xforms:output value="@name" /></span>
         </xforms:label>
         ...
      </xforms:trigger>
   </div>
</xforms:repeat>

                  

            

            	
               
                  XForms group as a means of making relevant alternatives visible and invisible:
                  

                     
                        This means is used much like a switch/case statement in an imperative
                        language to display only one option amongst several at a time in a
                        data-driven way. This is an important part of the Editor functionality as
                        the choices already made by the user guide what new options become visible
                        as the Schema is created. The xform group The XForms switch/case has a
                        different functionality (see next).
                        

<xforms:group ref="self::xsd:element[not(@type/text()) and not(xsd:simpleType or xsd:complexType)]">
   ...
</xforms:group>
<xforms:group ref="self::xsd:element[@type/text() or xsd:simpleType/xsd:restriction]">
   ...
</xforms:group>
<xforms:group ref="self::xsd:complexType[count(child::*)=1]">
   ...
</xforms:group>
<xforms:group ref="self::xsd:group[not(xsd:all|xsd:choice|xsd:sequence)]">
   ...
</xforms:group>
...


                  

            

            	
               
                  Changing help messages to be relevant to a selected item in a select1 control:
                  

                     
<xforms:select1 ref="@as">
   <xforms:label>
      <xsl:value-of select="Render as:" />
   </xforms:label>
   <xforms:hint>
      <xsl:value-of select="Select an option from the list to control the form rendering outcome." />
   </xforms:hint>
   <xforms:help>
      <xforms:output ref="instance('rendering')/s2x:render-option-list[s2x:render-for='xs:schema/xs:element']/s2x:render-option[@as=current()]/s2x:description" />
   </xforms:help>
   <xforms:itemset nodeset="instance('rendering')/s2x:render-option-list[s2x:render-for='xs:schema/xs:element']/s2x:render-option">
      <xforms:label ref="s2x:title" />
      <xforms:value ref="@as" />
   </xforms:itemset>
</xforms:select1>


                  

            

         

      
      
         Development

         In order to handle the size and complexity of the Designer XForms form (3.000+ lines
            of XML data), it has been split into several view subsections that can be independantly
            developed and tested. These subsections are built independantly and also are 'compiled'
            into the Designer using XSLT 2.0 stylesheet transformations. The latter is achieved
            using the xsl:import feature of the data-driven XSLT, allowing the subsection templates
            to be imported and used within the super designer.xsl template. XSLT also allows
            internationalisation of the forms to be done here as well.
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               Diagram 4. The compilation process of the Schema Designer
            
         

      
      
         Designer Versions

         Currently we have two Designer versions a simple and complex one. The former was
            created more recently to test the idea of generating the XForms form on the browser
            client using XSLT 1.0 stylesheet. It uses uses a smaller subset of XML Schema (only
            simple types and complex sequence types) and generates just one XForms form. The current
            emphasis is on this simple Designer with the goal of soon having a finished version that
            produces useful web-forms.

         The more complex version is under review, it was started as a proof-of-concept and
            now needs to be evaluated before more work can be devoted to it, given limited
            resources. This version uses a server-side XSLT 2.0 stylesheet for XForms form
            generation, allowing multiple forms to be created off a single schema.

      
   
   
      Results and Discussion

      
         In this project to date we have demonstrated the capabilities of XForms for building a
         complex XML Editing application, namely an XML Schema designer. Also, that the data-driven
         nature of XForms integrates well with other data-driven XML technologies, specifically
         XSLT, in a browser to allow the generation of complex but functional XForms forms using a
         schema from the designer as input to the XSLT transformation. In the case of the simple
         designer, all the above is done within the browser. In this result we feel we have, at
         least in large part, demonstrated the cost-efficiences of this approach forecast previously
         cagle2008
         .
      

      
         A key question for us now is how to make this data-driven approach work best within the
         larger client-server framework. That is to find an optimal balance of client-side and
         server-side functionality to find further efficiencies. Others have been down this path
         before us, however our interest in producing something of wide general usefulness has
         perhaps allowed us to work on specific areas where others have not delved. We aren't
         claiming that our approach is optimal, that is still unclear, but we feel that as a
         proof-of-concept it has highlighted the potential of data-driven XForms and also helped in
         the refinement of the
         xsltforms
         browser XForms support emulation framework.
      

      Given the positive results obtained to date we feel its worthwhile discussing a few
         general issues about the future of the XForms standard.

      
         Are XForms Outdated?

         In the introduction above we have contrasted data-driven systems with a behavioural
            systems and made the claim that XForms and XML technologies are generally of the
            data-driven type while MVC implementations are generally behavioural. Browser based
            web-applications are mostly given dynamic behaviour using JavaScript but this behaviour
            is never refered to as being 'MVC'. The clean separation of data and view in the browser
            seems more a 'data-driven' key characteristic than it is an MVC one. That we can also
            dynamically change whole sections of the view by replacing parts of the data tree,
            through setting the innerHTML property of a DOM Node confirms this somewhat.

         However, we aren't claiming that is is an mutually exclusive contrast, these are two
            extremes of a continuum. What we are hoping to do to is increase the awareness of the
            advantageous characteristics of the data-driven approach, for building particular kinds
            of systems efficiently.

         
            In our definition of data-driven we specify that the agent responds to data rather than
            the other way around, so on this basis the popular jQuery isn't data-driven but it does
            seem to be a move away from the behavioural object-oriented DOM back towards a
            declarative data-driven style. It's informative to mention here the 'Data-Driven
            Documents' (D3) JavaScript library developed to create data visualisations in browsers:
            "With D3, designers selectively bind input data to arbitrary document elements, applying
            dynamic transforms to both generate and modify content"
            bostock2011
         

         
            So on this basis, there are two possible contrasting conclusions that can be made:
            

               	
                  The selector approach of jQuery or D3 represents a good compromise between
                     the data-driven and behavioural approaches and will be built upon or copied by
                     other JavaScript libraries, resulting in XForms, in practice, becoming
                     completely redundant!

               

               	
                  
                     That exposing the DOM to manipulation with JavaScript has been a compromise of
                     the basic 'data-driven system' design concept of browsers all along, and that
                     an alternative more suitable language is now available and should be supported
                     natively by browsers, namely XQuery
                     xqib
                     .
                  

               

            

         That these two possible conclusions are so contrasting is obvious and this paper
            doesn't attempt a resolution. However, there is an obvious academic interest in
            exploring the second conclusion, which this paper does in a limited way do, by exploring
            XForms. Adding XQuery native support to a browser and seeing what can be done with it,
            is a better alternative. Using FLOWR statements to transform a browser DOM Document is a
            very interesting idea!

      
      
         Are XForms 'Components' Possible?

         Forms are a user interface to data, but as a data-driven 'technology', XForms have a
            data-first, design-second fundamental basis. This is due to the fact that the 'current
            (data) context' is such key feature of the way that they work and understanding this
            feature is a necessity for XForms form designers.

         If we adopt the 'XForms are MVC' viewpoint there does seem to be a potential trap of
            thinking that reusable components would be good feature to add to XForms. In this
            project, in the building the very large complex Designer XForm, we encountered a major
            problem of managing the amount of markup and something like the idea of XForms
            components is attractive. Instead we came up with the idea of using XSLT to compile a
            larger form from subsections, this made some sense as we also use this transformation to
            include language specific strings into the form. We could use the data-driven features
            of XForms to allow the user to swap languages on-the-fly, this is done in the simple
            version but was considered a burden that might slow performance in the complex version,
            though not tested.

         
            With the data-driven nature of XForms the idea of components is not an easy match,
            however in terms of managing the construction of a large form or a large suite of forms
            the notion of subforms, with the benefit of our analysis, does make good sense. We see
            these as being editors of a specific section of the data-model that can be used both
            independantly or within a parent form. Subforms as implemented in
            xsltforms
            seem to work in the manner that a subform gets absorbed into the parent form, so keeping
            within the single controller/engine/agent data-driven paradigm that we have described.
            In our large form we have no slow form loading-time problem now and we don't see great
            benefit in the idea of dynamically loading (or unloading) subforms into the parent form
            in order to speed-up intial parent form loading-time.
         

         To conclude this section on whether reusable components are useful in XForms, over
            and above the subforms concept that does fit within the data-driven basis of XForms, one
            similar suggestion is that the XForms 'group' element could be extended by adding an
            optional 'src' attribute, such that the contents of the parent group are replaced by the
            contents of an identified group in the linked source document at load time.

         
            xsltforms
            has recently added an experimental 'component' tag, we suggest that this name sends the
            wrong message about the nature of XForms to new users, whereas extending the use of
            XForms group does not. Our idea is not to make such imported groups like subforms with
            their own models, but simply to provide a means of managing a large body of XForms
            markup in separate files. Essentially this is the same as how data instances are done,
            as either embedded or as linked resources. It is likely that having this new feature
            would solve the data management issues we encountered in this project.
         

      
      
         The Potential of XForms Attribute Value Templates

         If we think of XForms in a broad context of data-processing, we frequently desire to
            build data viewing interfaces as much as data collection interfaces, or, a combination
            of both. XForms Attribute Value Templates (AVTs) offer a means to do this, particularly
            they allow the integration of HTML or Scalable Vector Graphics (SVG) elements (via their
            attributes) into the XForms Model-View binding. Having discounted the concept of XForms
            components, in the sense of a diverse range of reusable view 'objects' (or 'widgets'),
            AVTs do offer a mechanism to extend the data-driving of XForms into its 'host' languages
            of HTML and/or SVG.

         The idea of extending the use of the XForms group element to allow it to be used to
            pull a block of markup into a form at client-side at load-time, in combination with use
            of AVTs in that block, does seem to offer a powerful means to 'modularise' (as opposed
            to 'componentise') XForms creation and at the same time keep within the RESTful approach
            of caching resources client-side whenever possible.

         We can imagine an XForms form similar to our current Designer with a graphical
            capability similar to that seen with D3 being achievable with such extended groups and
            AVTs, evaluation of this possibility is the key thing to do in deciding the future
            progress of our current complex Designer.

      
      
         Client-Side versus Server-Side XForms within XRX

         One of the initial motivations for starting this work was to show that a client-side
            XForms engine was superior to a server one. Our analysis of XForms as being data-driven
            and as such, an extension of fundamental browser functionality, as well as the result of
            our complex Designer being a mostly successful proof-of-concept, confirms this stand. We
            say that if XForms was actually supported natively by browsers any debate about
            server-side and client-side XForms would mostly disappear.

         So, XForms designers are unfortunately caught in a compromise world of having to work
            with things as they are but dreaming of things as they should-be. This seems to us to be
            particularly so with the so-called XRX architecture and specifically the REST part of
            it. Server-side XForms implementations are taking advantage of one aspect of REST,
            namely the uniform constrained interface of the HTTP verbs, but ignoring the primary
            "why" concern of Representational State Transfer which is to improve performance of
            remote networked clients by caching resources as close to the client, or on it, as
            possible.

         To justify a server-side XForms emulation solution with concerns about exposing
            sensitive business logic to the user and at the same time advocating XRX, does indicate
            a likely case of "a solution in search of a problem". We suggest that such concerns
            about business logic are likely to indicate that a non-XRX system is possibly going to
            be a better one to use (and the Naked Objects frameworks one good option to consider).
         

         Our analysis and results indicate that the "sweet-spot" of XRX is data-focused
            systems where the data-driven nature of XML technologies and particularly XForms is of
            most benefit. Such XRX data-focused systems are characterised by transferring their
            parts as RESTful data resources, that is, the data instances and data-model schemas
            linked to the XForms forms and also thinking of the forms themselves as data (and
            subforms and potentially groups as well).

         If any compromise of this 'full XRX' approach is to be considered it does makes some
            sense to put an XForms model on the server and replicate it to one or more collaborating
            clients, but also to keep the client(s) in charge of model-view binding via their
            dependancy tree, the source of the data-driven basis of XForms.

         
            The high cost-effectiveness of XRX specifically for 'data-driven' application
            development is of great significance, but a perspective, or insight, which we suggest
            has not been specifically communicated, or demonstrated, to-date. Perhaps, one good
            place to start in this is to ban the editing of XML text and to build a generic
            'graphical' XML Editor based on XForms
            cameron2012
            . We intend to create such a full data-driven application demonstration in the near
            future.
         

      
   
   
      Conclusions

      
         	
            
               One of the design goals of XML was "XML documents should be human-legible and
               reasonably clear"
               xml
            

            Note that the goal was to make it "human-legible" not "human-writeable". Surely in
               the mind of its creators they were thinking of an ideal world, where XML would be
               widely adopted and lots of applications would be created to assist people in the
               creation of XML documents while hiding the markup.

            Maybe the perceived "low acceptance" of XForms is due to the lack of that kind of
               applications and the only means available to create XForms forms are simple text
               editors or XML validating editors in the best case.

         

         	
            The power of the idea behind XForms

            Although there is a perception of failure in the XForms initiative, the best probe
               of power of its foundations and well planned architecture, is that XForms can be used
               even to create XForms forms, as has been done in this project.

            It was just matter of time to have competent XForms runtimes, as the ones
               available now, in order for this first XForms based XForms Designer to be possible
               and further we'll start to see XForms used in more applications.

         

         	
            
               The ability to generate Graphical User Interfaces directly from data-models, opens
               new fields of application:
               

                  	
                     Create XML based applications writing much less code

                  

                  	
                     Reduce the time needed to create an XForms User Interface

                  

                  	
                     Allow non-programmers to create XML based applications

                  

                  	
                     Ease the creation of applications based in existing XML data

                  

               

         

         	
            The way forwards.

            The idea of applications based on XForms and other XML Technologies have not had a
               high success rate when compared to object-oriented systems. In fact, they now seem
               mainly restricted to high-cost systems and specialised publishing roles. Yet their
               potential to provide very cost-effective solutions, as explored in the work done and
               reported in our paper, seems largely unrecognised outside of a relatively small
               community of XML and XForms enthusiasts.

             From our proof-of-concept work and an now our identification of 'Data-Driven' as
               being the defining nature of these applications, we think that developing working
               real-world example systems of high quality and making them available at low cost, or
               free, is the only way forwards. The main framework elements of this approach are
               freely available and so the main task now seems to be to push the envelope as to what
               is possible. Hand-editing XML is something that we don't see as being a big part of
               that effort, nor should system users. Also, deploying scarce human resources to build
               such example systems requires cooperation from interested parties for any effect
               (Having sponsorship is good as well).
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      Abstract
Document object models, specifically the browser DOM, were
      designed to represent HTML and XML documents. Languages such as XPath
      were designed to access and traverse the DOM of HTML and XML documents.
      But suppose we wanted to bring the power and convenience of XML
      technologies like XPath to new data types. Could we extend the DOM to
      support CSV files? JSON? ZIP files? Yes we can! This paper explores a
      number of ways in which the DOM can be made to do more. We can loosen
      restrictions, describe new sequence types, and even define new XPath
      axes to make the DOM better and more useful.

    

    This work is made available under a Creative Commons Attribution 3.0 License (http://creativecommons.org/licenses/by/3.0/).

  

  
    Introduction


    XML is well-known for two major uses: documents and data exchange.
    Actually, any XML "document" can also be considered as a small consistent
    database. As an example, an invoice requires many tables to be described
    while one XML document is enough for this.


    For small amount of data, an XML "document" is usually parsed in
    memory and the DOM API is a common library to manipulate its contents
    within browsers or in Microsoft environments (MSXML, .Net) or in PHP. DOM
    Level 1 was quite limited and was designed for HTML. DOM became
    namespace-aware with DOM2. The latest version of DOM is Level 3 and it has
    be published in 2004. There is a quite recent working draft for DOM4 (6
    December 2012).


    There are many critics about the DOM API, probably because it is
    clearly a low-level interface and because complexifying it for full XML
    support was out of interest for HTML-only fans. The DOM structure is also
    not fully appropriate for building an XPath engine (presence of CDATA and
    entities nodes and lack of namespaces nodes) as defined in XDM.


    As a matter of fact, DOM3 has not been fully implemented in browsers
    and DOM4 might loose vital functionnalities for building an XPath engine
    with it, such as attributes not been nodes anymore.


    XForms 1.0, and later XForms 1.1, has been designed for editing XML
    instances with a browser when embedded in an HTML page. XForms is based on
    XPath and any XForms implementation requires extra features about nodes
    such as properties ("validity", "relevant", "read-only", ...) which cannot
    be found in native DOM implementations in browsers. There are also extra
    XPath functions, such as "instance()", "index()", "event()", defined in
    XForms specifications while XPath engines in browser cannot be extended.
    That is why XSLTForms, a client-side XForms implementation, has its own
    XPath engine written in Javascript and that is why its ancestor project,
    AJAXForms, had even also its own DOM implementation. It was chosen to use
    native XML storage in XSLTForms for performance and for eprouved
    compliance when serializing XML instances with multiple namespaces. Today,
    this has to be reconsidered.


    XForms 2.0 is not limited to XML editing. At least, CSV and JSON are
    also supported. The question for an XForms implementer is how to integrate
    these notations at low level for keeping XPath use at authors'
    level.


    CSV format might seem to be an old format but it is still used in
    many import/export functions of applications. For relational databases, a
    CSV file is a natural table content.


    Mapping JSON in XML and preserving XPath expressions readability is
    not easy. Many attempts have already been done but there is not yet an
    agreement about one in particular for each different situation.


    This paper is describing that, with few extensions, CSV and JSON can
    be loaded in an extended DOM structure so an XPath engine can manipulate
    them immediately.


    There are yet more challenging notations or file formats which can
    be of interest for authors. Typically, applications with a light server
    side or offline applications want to manipulate files, not just data in
    exchange notation. Many of them are binary formats and they can now be
    manipulated within browsers with Javascript. The most common ones are
    text-processing documents or spreadsheets in a ZIP package.


    Possibilities are numerous. For XQuery implementors and developers,
    XQuery instructions might also be parsed into a DOM structure as if there
    was an XQueryX source. Programming languages are defined according to a
    grammar and a grammar is similar to an XML Schema for text sources. For
    Apache administrators, httpd.conf file and log files have a format which
    can be loaded into a DOM structure. There are also emerging notations
    which are simpler or richer than XML and they can surely be parsed and
    stored in an extended DOM structure.


    A bigger challenge is to use a DOM structure not only for a tree or
    a forest of trees (such as a document with multiple document elements) but
    for graphs. A navigational approach can be obtained with named axes: the
    data designer can specify different sets of children for a node, each one
    being assigned a name.


    A non-planar structure is even possible within a DOM structure, the
    difficulties being about internal ids to be used when parsing and
    serializing. But this is already done by developers with workarounds and a
    way to standardize this would be appreciated.

  

  
    Node names


    Most data engines (such as relational databases, CSV, JSON,...)
    don't have restrictions for names: any character is possible and an
    enclosing delimiter is used in the corresponding query languages to ensure
    there will be no mismatch. For example, MySQL uses the back-quote
    character, MS-Access uses square brackets. Names without restrictions are
    clearly more user-friendly. XML 1.1 extended possibilities for names but
    was not implemented much...


    For the DOM, a name is stored within a string: there is no
    restriction for names due to the DOM structure.


    Quote, apostrophe, brackets, angular brackets, parenthesis are
    already used in XML and XPath. So, the back-quote character is a good
    candidate for this purpose:


    `+` is now a valid node name in XPath


    Encoding within a name is still required in XML and XPath for
    special characters (new line, quotes,...). Those characters can easily be
    escaped as entities.


    `&amp;` stands for an ampersand character
`&#10;` stands for a newline character

  

  
    Multiple document type nodes and multiple document elements


    Multiple document type nodes can be very useful within a ZIP package
    because each ZIP component might have its own document properties (media
    type, encoding, ...).


    Multiple document elements is a pertinent feature for many formats
    for which serializers don't guarantee that the end of the contents has be
    reached. This is even an advantage to allow data to be added at the end
    without breaking a well-formed rule. Is it still interesting to always
    double check that all data has been received?


    Those two extensions do not require the DOM structure to be
    modified. They impact the parser and the serializer. Methods of the DOM
    API, such as appendChild and so on, have to accept them.


    For JSON:


    {a: "Hello", b: "World"}

 becomes

document( 
  element("a",
    text("Hello")
  ),
  element("b",
    text("World")
  )
)

  

  
    Sequence Node Type


    Manipulation of an ordered set of data is possible in many formats.
    For example, JSON allows "arrays" which can be embedded.


    There is a known trick when converting a named JSON array into XML:
    just iterate as many elements with the array name. Luckily, even the
    bracket notation is similar in XPath because of the shortcut for
    "[position() = n]". But there are also anonymous arrays in JSON, empty
    arrays and arrays with a unique item. So, this trick is not enough and
    extra meta data becomes mandatory.


    Support of a new node type is enough to deal with ordered sets. This
    could be named "Sequence Node Type" because of sequences defined in XPath,
    even if XPath does not allow embedded sequences.


    A sequence node can be seen as an element without a name and without
    attributes. Instead of defining such a new node type, it could also be
    considered to allow elements without a name but this would interfere
    within XPath expressions with a selector such as '*'.


    It could also be compared to a document fragment being stored with
    the structure instead of just being a temporary embedding node. It would
    then be necessary to add a parameter to each method accepting a document
    fragment to specify whether the document fragment node should be dropped
    or not.


    Since a sequence node type is corresponding to a specific need, it
    is better to define a new node type.


    ["a", "b"] becomes
document( sequence( text("a"), text("b") ) )


    It is more problematic to choose a notation in XPath for such
    nodes:


    
      	
        "sequence()" such as in "text()"?

      


      	
        "#" or "(-)" as a shortcut?

      

    


    "#/text()[1]" returns "a" for ["a", "b"]

  

  
    Typed-value Node Type


    In DOM3, just elements and attributes can have a data type as
    property and nodes with effective values are only text nodes.


    This is not enough for JSON because stand-alone values are possible.
    The following JSON expressions are valid:


    [1, true]

null

2.154E-7

["Monday", "Tuesday", "Wednesday", "Thursday", "Friday"]


    Every value in JSON has a data type and JSON allows numbers,
    strings, booleans and null. From the Javascript point of view, because
    JSON data is directly evaluated, JSON can even contain expressions: for
    example,date object creations are possible.


    In CSV, no type is specified and, commonly, a spreadsheet processor
    will try to associate the most fitting type for each value. Import tools
    help users to manually force a type for a column.


    But, because the number of header lines is not limited to just one
    line, it is also a possible trick to associate a type to each CSV column
    within the header (when column names are unknown, an empty line can be
    used). For example:


    
xs:anyURI,xs:gYear,xs:positiveInteger
http://en.wikipedia.org/wiki/Afghanistan,1960,9616353
http://en.wikipedia.org/wiki/Afghanistan,1961,9799379
http://en.wikipedia.org/wiki/Afghanistan,1962,9989846
http://en.wikipedia.org/wiki/Afghanistan,1963,10188299


    As a consequence, for a DOM structure to be used to store JSON or
    CSV data, the text node type is not enough and a new node type has to be
    defined for a typed value.


    42 becomes
value("xsd:decimal", 42)


    { a: 42, b: "Hello"} becomes
document( element("a", value("xsd:decimal", 42) ), element("b", value("xsd:string", "Hello") ) )


    This has not to be limited to XSD types and really binary types (not
    xsd:hexBinary nor xsd:base64Binary) are required in different situations
    such as ZIP packages with embedded images like in, for example, OpenXML
    files (.xlsx, .docx,...).

  

  
    Named axes


    Attributes can be considered as low-level elements but there are
    advantages at using them because they are clearly separated from children
    nodes. As a consequence, whether they are present or not, they do not
    interfere when calling XPath nodeset functions upon children. For XPath,
    attributes are accessed with a dedicated axis ("attribute::", with "@" as
    the well-known shorcut). So, in a sense, there are possibly two distinct
    sub-trees under an element.


    <person firstname="Paul" lastname="Verdier" >
  <address>17 rue de Rivoli</address>
  <address>75001 Paris</address>
  <address>France</address>
</person>

could also be serialized as

<person>
  <attribute::firstname>Paul</attribute::firstname>
  <attribute::lastname>Verdier</attribute::lastname>
  <address>17 rue de Rivoli</address>
  <address>75001 Paris</address>
  <address>France</address>
</person>


    Allowing developers to define named axes means that an element can
    have multiple children in a specific context which might also be seen as a
    relationship. The name for the axis is the name of the relationship. The
    resulting structure can be compared to the navigational CODASYL database
    model.


    This point is not at all difficult to implement (a map of arrays for
    children instead of a unique array) and a corresponding syntax for XPath
    can easily be defined ("child(axis-name)::" for example).


    For XML-like serialization, the list of axes could precede the name
    of an element child:


    <product>
  <designer::person>Peter</designer::person>
  <user::person>Jack</user::person>
  <user::person>Emily</user::person>
</product>


    When multiple parents are allowed, the structure looks like in the
    network CODASYL database model.


    A use case for XML developers is embedding in the same document data
    and specific data types declarations (in the same approach, fonts can be
    embedded within a PDF file). This is possible with the data document
    element and the schema document element being at the top level.


    Serialization is more clumsy with a network data model: a child
    element cannot be serialized under each parent element. A specific
    notation can be used to list links such as in multipart messages. This
    will be less human-friendly but XML documents are not often generated
    manually and serialization might be seen as just a way to exchange a
    database.


    For example:


    <person>
  <attribute::email>
    <attribute::xsi:type xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xlink="http://www.w3.org/1999/xlink" xlink:href="#email_type"/>
    paul.verdier@rivoli.fr
  </attribute::email>
</person>
<xs:simpleType xmlns:xs="http://www.w3.org/2001/XMLSchema" id="email_type">
  <xs:restriction base="xsd:string">
    <xs:pattern value="(\w[-._\w]*\w@\w[-._\w]*\w\.\w{2,3})"/>
  </xs:restriction>
</xs:simpleType>

  

  
    Parsing and serializing


    Currently, with the Javascript DOMParser class, only XML and,
    eventually HTML and SVG documents can be parsed in a browser and the
    corresponding mediatype is to be provided as a parameter for the
    parseFromString() method.


    Extending support for other media types such as "text/csv" and
    "application/json" allows CSV and JSON being loaded in a DOM structure.
    XSLTForms now supports CSV/XML and JSON/XML conversions written in
    Javascript.


    For other formats, a third parameter can be the grammar to be used
    to generate the corresponding tree.


    Because data cannot always be stored as a string (binary data, for
    example), another method has also to be defined, such as
    parseFromUint32Array. This allows media types such as "application/zip"
    for ZIP packages to be supported. This has already been prototyped in
    XSLTForms with the zip_inflate and zip_deflate Javascript functions
    written by Masanao Izumo (http://www.onicos.com/staff/iz/amuse/javascript/expert/)
    and there is no performance issue with standard MS-Excel or MS-Word
    files.


    When serializing, some links could be internal links. It could be
    possible to add id attributes when required but another mechanism should
    be provided, a sort of internal ids such as keys in XSLT, with its
    specific notation such as internal:key.


    Of course, exceptions will be fired because not all DOM structures
    can be serialized in any format. There might be different workarounds to
    serialize a DOM structure in a different media type without data
    loss.

  

  
    Conclusion


    Trees are everywhere and they can even store links to represent
    graphs. XML notation is a convenient way to serialize not-so-limited trees
    but people can consider that it is too verbeous. The real point is the
    power in data description and data manipulation.


    The DOM structure is already used by browsers as an XML Data Model.
    Extending the DOM for non-XML data manipulation is not really difficult
    and XPath is not heavily affected. The resulting structure can support
    plenty of existing data formats. Because it is a low level component,
    upper layers can immediately benefit of it without significant
    modifications.


    XSLTForms is directly concerned by an extended DOM implementation
    written in Javascript. It is a good opportunity to easily prototype and
    test new features. This implementation is currently in development and it
    already has its own name: "Fleur".
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      Abstract
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    1. Introduction

      The traditional approach to transforming XML documents is a three-step pipeline: validate, transform, validate.  (Sometimes, of course, one or both of the validation steps is omitted.)  Architectural forms, a feature first of the SGML-based hypermedia standard HyTime and then of SGML itself, made use of a combination of enhancements to DTDs and annotations in source documents to allow a two-step pipeline for certain simple transformations.  In this pipeline, a valid SGML document could be automatically transformed using a specialized SGML parser, called an architectural engine (AE), into another SGML document valid against a more general DTD known as the meta-DTD.  This permitted document creators to conform to a general document architecture without having to constrain their own documents to every detail of a specific schema.


However, DTDs have not seen wide uptake in the XML world, and the few XML architectural engines that have been built have conformed more to the letter than to the spirit of architectural forms.  The emphasis has been on the creation of comprehensive and complex schemas which attempt simultaneously to serve local needs and the needs of interchange.  Such schemas are usually arrived at by difficult, lengthy, and highly political negotiations between interested parties, with victory often going to the participants with the greatest weight of Sitzfleisch rather than the best ideas.


This paper describes an attempt to return to those thrilling days of yesteryear by providing a modern equivalent of SGML architectural engines. In principle any grammar-based schema language such as XML Schema or RELAX NG would be suitable for the methods outlined here.  However, the software development (still very much a work in progress as of this writing) is using the much simpler Examplotron schema language.  Examplotron is not well-known or much used in the XML environment, but I believe it to be extremely suitable to the stripped-down MicroXML environment in which I am now primarily interested.  Since most people don't know Examplotron, I have written the paper to be accessible to anyone who can read simple DTD declarations.

  In this paper, I will speak of the source document, which is the input to a schema-based transformation engine (TE), and of the target document, which is a TE's output.  Additional inputs are the source schema and the target schema.  In this paper the schemas are expressed as DTD fragments, but in actual use they will be Examplotron 0.8 schemas.  In addition, we may supply the TE with the transformation name of the particular transformation to be performed on the source, possibly one of many such transformations.  For clarity's sake, I will speak as if the various transformations are made one by one, but except for attribute defaulting they are all made simultaneously.  For example, if all elements named foo are to be renamed bar, and all elements named bar are to be renamed baz, that does not mean that both foo and bar elements wind up being named baz.

  
  
    2. Element Renaming and the Renaming Attribute

    The first and simplest kind of transformation to be performed is element renaming.  A TE does this by looking at each element of the source document for an attribute whose name is the same as the transformation name supplied to the TE.  This attribute is called the renaming attribute.

    For example, suppose we have the following source document:
    

      <limerick>
        <title>Relativity</title>
        <a>There was a young lady named Bright</a>
        <a>Who could travel much faster than light.</a>
        <b>She set out one day</b>
        <b>In a relative way</b>
        <a>And returned the previous night.</a>
      </limerick>
    

    If we wish to transform it from its limerick-specific schema to a more general stanza schema, we might add a renaming attribute named stanza to every element, like this:
    

      <limerick stanza="stanza">
        <title stanza="title">Relativity</title>
        <a stanza="line">There was a young lady named Bright</a>
        <a stanza="line">Who could travel much faster than light.</a>
        <b stanza="line">She set out one day</b>
        <b stanza="line">In a relative way</b>
        <a stanza="line">And returned the previous night.</a>
      </limerick>
    

    Running a TE on the above document, specifying stanza as the transformation name, would produce the following target document:
    

      <stanza>
        <title>Relativity</title>
        <line>There was a young lady named Bright</line>
        <line>Who could travel much faster than light.</line>
        <line>She set out one day</line>
        <line>In a relative way</line>
        <line>And returned the previous night.</line>
      </stanza>
    

    Note that all occurrences of the renaming attribute have been removed from the target document.
    

  
    What happens if an element doesn't have a renaming attribute?  The answer is that the element is dropped in its entirety.  For example, suppose we did not have a stanza attribute on the source document's title element. In that case, the target document would contain only a stanza element with five line child elements.

    If you don't provide a TE with a transformation name, there is no renaming attribute, and rather than dropping all the elements, none of them are renamed. However, the target document may still differ from the source document in other ways.

    The concept of renaming attributes comes from AEs; however, AEs do not require the name of the renaming attribute to be the same as the transformation name, and have different and more flexible rules about processing elements without renaming attributes.

  
  
    3. Attribute Defaulting

    This business of adding renaming attributes directly to the source document is irritating, and may be impossible if we aren't able to change the source document.  Instead, we can take advantage of attribute defaulting by specifying a source schema.  Consider the following DTD fragment: 
    

      <!ATTLIST limerick stanza "stanza">
      <!ATTLIST title stanza "title">
      <!ATTLIST a stanza "line">
      <!ATTLIST b stanza "line">
    

    This says that in the limerick element, if no stanza attribute is supplied, its value is assumed to be stanza.  Likewise, for the title element, the default value of the stanza attribute is title, and for the a and b elements, it is line.  Now we no longer have to alter our original limerick document when we want to transform it.  If we specify the transformation name as stanza, we will get the same target document that we saw in the previous section.

    What is more, we can provide more than one renaming attribute in the same source schema.  Suppose we add the following declarations to the above source schema:
    

      <!ATTLIST limerick estrofa "estrofa">
      <!ATTLIST title estrofa "título"
      <!ATTLIST a estrofa "línea">
      <!ATTLIST b estrofa "línea">
    

    If we specify the transformation name as estrofa rather than stanza, we will generate a target document whose element names are in Spanish rather than English.  However, the TE cannot automatically remove the defaulted stanza attribute when doing an estrofa transformation, nor vice versa, because it does not know which attributes might be used as renaming attributes in a different transformation run. In order to suppress them, we must provide the TE with a list of renaming attributes that are not being used for the current transformation, so that they can be suppressed from the target document.  In the rest of this paper we will assume that this list has been provided.

    Attribute defaulting is not restricted to renaming attributes. If any attribute is given a default value by the source schema but does not appear in the source document, it will be created, and by default will appear in the target document.  Attribute defaulting is done in advance of all other transformations; a default attribute may have its name or value changed by a later transformation.

    Attribute defaulting is inherent to DTD processing.  The version of Examplotron used by TEs, Examplotron 0.8, allows the specification of default values for attributes, and in fact for elements too.

  
  
    4. Element Reordering

    So far, we haven't had to deal with child elements appearing in a different order in the source and target documents.  However, this can often happen when the source document is data-oriented rather than content-oriented.  In order to know how to reorder child elements, we must provide the TE with  a target schema.  Here's a simple target schema specifying a document containing people's names:
    

      <!ELEMENT people (person*)>
      <!ELEMENT person (last, first)>
    

    In this schema, we see that a people element contains zero or more person elements and nothing else, and that each person element contains last and first elements in that order. 

    Now here's a source document:
    

      <people>
        <person>
          <first>John</first>
          <last>Cowan</last>
        </person>
       <person>
          <first>Dorian</first>
          <last>Cowan</last>
       </person>
      </people>
    

    Suppose we pass this source document and the target schema to a TE without specifying a transformation name.  In that case, there is no renaming attribute, and so no element renaming is done.  However, since the order of child elements for the person element in the source document is not valid according to the target schema, they will be reordered so as to be valid in the target document, producing this:
    

      <people>
        <person>
          <last>Cowan</last>
          <first>John</first>
        </person>
       <person>
          <last>Cowan</last>
          <first>Dorian</first>
       </person>
      </people>
    

    AEs do not perform element reordering.

  
  
    5. Occurrences

    Both source and target schemas can specify how many occurrences a child
element can have within its parent element.  In DTDs, we can repeat the element name to specify a fixed number of occurrences, as in this source schema for our limerick document:
  

    <!ELEMENT limerick (title, a, a, b, b, a)>
    <!ATTLIST limerick index "poem">
    <!ATTLIST a index "firstline">
  

  Now suppose we run a TE, passing it the transformation name index, our original limerick document, the above source schema, and the following target schema:
  

    <!ELEMENT poem (firstline)>
  

  The renaming attribute index will rename the limerick element to poem and the three a elements to firstline, dropping the title and b elements altogether.  But since the target schema permits only a single firstline element in each poem element, the second and third firstline elements will also be dropped, producing the following target document:
  

    <poem>
      <firstline>There was a young lady named Bright</firstline>
    </poem>
  
 This is suitable for inclusion in an index of first lines.


    On the other hand, if the target schema requires more occurrences
of an element than the source schema provides, sufficient elements are
created following the mapped elements. For an example of that process, consider this source document with explicit renaming attributes:
  

    <couplet limerick="limerick">
      <line limerick="a">Go and tell the Spartans, passerby,</line>
      <line limerick="b">That here, obedient to their laws, we lie.</line>
    </couplet>
  

    What happens if we transform this into a limerick using the limerick schema as the target schema?  (There is nothing inherent in a schema that says whether it is a source or a target, only in how it is provided to a TE.)  Limericks have to have a title and five lines, but we have only two lines here, one mapped (for some unknown reason) to an a element and one to a b element.  Consequently, we get this target document:
    

      <limerick>
        <title/>
        <a>Go and tell the Spartans, passerby,</a>
        <a/>
        <b>That here, obedient to their laws, we lie.</b>
        <b/>
        <a/>
      </limerick>
  
Not very useful or pretty, perhaps, but certainly valid.

      In this paper, newly created elements are shown as empty.  However, if the Examplotron schema provides a default value for them, it will be used.

      When specifying the content model of an element in a source or target schema, we can follow the name of a child element with * to mean "zero or more occurrences", as shown in the declaration of the people element.  In the same way, ? means "zero or one occurrences" and + means "one or more occurrences".  All these indicators are respected by a TE.  So if two foo child elements appear in the source document, but the target schema specifies foo?, then the second one will be dropped.  A TE cannot construct transformations based on more complex content models like ((a,b)+), in which the occurrence indicator follows a sequence of child element names, except as noted under the discussion of mixed content.

  However, technically ambiguous content models like (line, line?, line?), meaning from one to three line elements, which are illegal in DTDs, are supported in Examplotron schemas as well as by a TE.

    AEs neither drop unwanted elements nor create new ones, but report validation errors instead.

  
  
    6. Character Content

    So far, the source and target schemas we have seen have been incomplete, because not all the elements used in the documents have been mentioned in the schemas.  In particular, declarations for the elements whose only permitted content is characters, such as a, firstline, and title have been left out.  Here's a complete version of the limerick source schema with all three renaming attributes provided:
    

      <!ELEMENT limerick (title, a, a, b, b, a)>
      <!ATTLIST limerick stanza "stanza">
      <!ATTLIST limerick estrofa "estrofa">
      <!ATTLIST limerick index "poem">
      <!ELEMENT title #PCDATA>
      <!ATTLIST title stanza "title">
      <!ATTLIST title estrofa "título"
      <!ELEMENT a #PCDATA>
      <!ATTLIST a stanza "line">
      <!ATTLIST a estrofa "línea">
      <!ATTLIST a index "firstline">
      <!ELEMENT b #PCDATA>
      <!ATTLIST b stanza "line">
      <!ATTLIST b estrofa "línea">
    

    And here is an erroneous target schema for stanza documents:
    

      <!ELEMENT stanza (title, line*)>
      <!ELEMENT title #PCDATA>
      <!ELEMENT line EMPTY>
    

    Let's see what happens if we do a stanza transformation using that target schema.  We get this target document:
    

      <stanza>
        <title>Relativity</title>
        <line/>
        <line/>
        <line/>
        <line/>
        <line/>
      </stanza>
    

    Because the target schema specified the line element as empty (no child elements or character content), the TE threw away the character content.  Again, probably not very useful, but again certainly valid.

  Reordering and occurrence control are really two aspects of the same thing, and they can both happen to the same children of an element at the same time.  Here is a not-very-realistic example.  Given the source document
  

    <root>
      <a id="a1"/>
      <b id="b1"/>
      <a id="a2"/>
      <b id="b2"/>
      <a id="a3"/>
    </root>
  

  and the target schema
  

    <!ELEMENT root (a, a, b, b, b>)>
  

  the target document will be
  

    <root>
      <a id="a1"/>
      <a id="a2"/>
      <b id="b1"/>
      <b id="b2"/>
      <b/>
    </root>
  

  That is, the a elements have been reordered before the b elements, the third a element has been dropped as unwanted, and a third b element has been created.

    AEs allow greater control of what happens to character content when an element containing it is dropped from the target document: it may be discarded or included as part of the parent element.  TEs always discard it unless the parent element's content model is specified as mixed content.

  
  
    7. Mixed Content

    An element has mixed content when its content includes both child elements and characters.  Consider this limerick:
    

      <limerick>
        <title>Memory</title>
        <a>There was an old man of Khartoum</a>
        <a>Who kept two black sheep in his room.</a>
        <b><quote>"They remind me,"</quote> he said,</b>
        <b><quote>"Of two friends who are dead,</quote></b>
        <a><quote>But I <em>cannot</em> remember of whom."</quote></a>
      </limerick>
    
  Because of the quote and em elements, this document isn't valid against our latest limerick schema.  Let's add the following declarations to our limerick schema, replacing the existing declarations for the a and b elements:
    

      <!ELEMENT emphasis (#PCDATA|quote|em)*>
      <!ELEMENT quote (#PCDATA|quote|em)*>
      <!ELEMENT a (#PCDATA|quote|em)*>
      <!ELEMENT b (#PCDATA|quote|em)*>
    

    The meaning of these element declarations is that the specified child elements (quote and em in this case) may appear in any order, any number of times, interleaved with the character content if any.  This is the only kind of mixed content that DTDs support.  Examplotron permits more restrictive sorts of mixed content, but a TE cannot handle them.  If we do a stanza transformation, then because the a and b elements are declared to have mixed content, instead of simply dropping the quote and em elements along with their content as you might expect, their content is preserved.  The result, then, is the same as if no quotation or emphasis markup had appeared in the source document.
  What would happen if the target schema for stanzas allowed em elements but not quote elements?  Then the final line's content would become:
    

      <line>But I <em>cannot</em> remember of whom.</line>
    

    By definition, reordering is never done on mixed content.  It is the presence of mixed content in the source schema, not in the target schema, that triggers this style of processing, although you usually want to specify mixed content in both schemas.

    In summary, the content models that a TE supports are mixed content, character-only content, empty content, and element content consisting of a simple sequence of child element names, possibly decorated with occurrence indicators.  All other content models are unsupported for transformation, though they are permitted for validation.

  
  
    8. Attribute Mapping

    So far, the value of a renaming attribute has been a single token, an element name.  But if the renaming attribute contains multiple tokens separated by whitespace, the first token is the element name for element mapping, and the rest of the tokens are pairs of equivalent source and target attribute names.  For example, here's a link element that contains a renaming attribute to map it to an HTML a element:
  

    <link target="http://examplotron.com"
     html="a target href">
      Examplotron
    </link>
  

  
  Running a TE on this source document and providing html as the transformation name produces this target document:
  

    <a href="http://examplotron.com">
      Examplotron
    </a>
  

  
  TEs support three special cases of attribute mapping.  If the target attribute name is replaced by #NONE, then the source attribute will be omitted from the target document.  If the source attribute is #CONTENT, then the target attribute's value does not come from any source attribute, but from the character content of the element; likewise, if the target attribute is #CONTENT, then the source attribute is removed and its value is used as character content of the target element.  Here's an example of all three special cases.  The source element
  

    <url purpose="linkage" label="Examplotron"
     html="a purpose #NONE label #CONTENT #CONTENT href">
       http://examplotron.org
    </url>
  
 is transformed by dropping the purpose attribute, putting the character content http://examplotron.org into the href attribute, and putting the value of the label attribute into the character content of the target element (an a element), thus producing the same result (modulo whitespace) as the transformation of the link element did.

    As a further extension to attribute mapping, if a source/target attribute name pair is followed by the token #MAPTOKEN, it is then followed by a source token and a target token.  The source attribute value is then divided into tokens by whitespace, and if the source token appears in it, it is replaced by the target token.  There may be any number of such triples of #MAPTOKEN, source token, target token following a source/target attribute pair.

    This mechanism is usable but crude, and should eventually be replaced by something less hacky.  In AEs the source/target attribute pairs and mapping-token triples are in a separate attribute from the renaming attribute.
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Remember the dream of being able to process XML in the browser to write richly
                interactive applications? It's taken a long time coming, and a lot of people have
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                without writing a single line of Javascript. As a bonus, you get all the benefits of
                XSLT 2.0. During this talk we will demonstrate what can be achieved. And because
                Balisage audiences are interested in the theory as well as the practice, we'll also
                touch on some of the underlying concepts: how does one use a purely functional
                language to manipulate a stateful interactive dialogue with the user?
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        Introduction

        The original aims of the web browser application was to retrieve, present and navigate
            information resources on the World wide Web (WWW). It started with static HTML
            documents, which can be seen as a text-based format standard for browsers required when
            rendering web pages. But it wasn't long before dynamic HTML and CSS came along,
            providing a richer interactive experience. Web browsers have come a long way in bundling
            complementary tools to provide interaction to the rendered HTML web pages, with CSS,
            JavaScript, JSON, AJAX, JQuery and more. Remarkably, the performance of these (largely
            interpreted) languages is highly satisfactory for most applications.
However, as successful as HTML as been to the browser, there exists an underlying problem, in
            that HTML is not best suited to representing document data. Such data we would expect to
            be stored on web servers or close to the browser on the client machine. XML was created
            to solve this problem, as a multi-purpose and platform-neutral text-base meta language,
            which could be used for storage, transmission and manipulation of data. It was a great
            way to represent data, but the question was what could we do with it on the browser?
            Given the introduction of XHTML as an application of XML with HTML, direct rendering of
            XML was not possible as browsers were designed for use with HTML. The need of program
            application to convert these special data documents written in XML to HTML became
            paramount. 
The answer to this was XSLT. It was designed as a functional programming language for XML. It
            was now possible to convert XML documents into HTML documents which in turn could be
            rendered in the browsers. This was great for the 'Web 1.0' architecture, where we have
            static documents on the web, which needed to be rendered in the browser.

        XSLT 1.0 was published in 1999 XSLT20. On the server it presented a
            way to convert XML data into HTML before it reached the browser. But the challenge was
            to get XSLT closer to the browser. Before the specification was finished Microsoft
            implemented XSLT 1.0 as an add-on to Internet Explorer (IE) 4, which became an integral
            part of IE5. (Microsoft made a false start by implementing a draft of the W3C
            specification that proved significantly different from the final Recommendation, which
            didn't help.) It then took a long time before XSLT processors with a sufficient level of
            conformance and performance were available across all common browsers. In the first
            couple of years the problem was old browsers that didn't have XSLT support; then the
            problem became new browsers that didn't have XSLT support. In the heady days while
            Firefox market share was growing exponentially, its XSLT support was very weak. More
            recently, some mobile browsers have appeared on the scene with similar problems. So
            there has never been a time when good XSLT 1.0 support was universal

        By the time XSLT 1.0 conformance across browsers was substiantially achieved (say
            around 2009, if we exclude old browsers and newer mobile devices), other technologies
            had changed the goals for browser vendors. The emergence of XSLT 2.0
            XSLT20, which made big strides over XSLT 1.0 in terms of developer
            productivity, never attracted any enthusiasm from the browser vendors — and the browser
            platforms were sufficiently closed that there appeared to be little scope for
            third-party implementations.

        The 'Web 2.0' architecture within the browser sphere demonstrated the way forward for
            the user experience on the web. The web was no longer about producing pretty renditions
            of static documents, but was about interactions and event handling within web
            applications. These all came about with the introduction of CSS (a styling language for
            HTML/ XHTML web pages which can also do basic interactions), AJAX (acronym for
            asynchronous JavaScript and XML, which has been somewhat superseded now by less
            cumbersome tools), JavaScript (client-side scripting language, which has evolved into a
            powerful VM for the web browser platform). The introduction of JSON has made data
            interchange between client and server much more convenient, because of its good match to
            the JavaScript data model, but it doesn't help those whose applications are
            document-based, or whose data happens to be in XML.

        A few years ago it seemed likely that XML would go no further for web applications,
            limited for ever to what could be achieved by server-side conversion to HTML. The
            browser vendors had no interest in developing it further, and the browser platform was
            so tightly closed that it wasn't feasible for a third party to develop the necessary
            tools. Plug-ins and applets as extension technologies were largely discredited, for good
            reasons. But paradoxically, the browser vendors' investment in Javascript provided the
            platform that could change this. Javascript was never designed as a system programming
            language, or as a target language for compilers to translate into, but that is what it
            has become, and it does the job surprisingly well. Above all else, it is astoundingly
            fast.

        Google were one of the first to realise this,
            and responded by developing Google Web Toolkit (GWT) GWT as a
            Java-to-Javascript bridge technology. GWT allows web applications to be developed in
            Java (a language which in many ways is much better suited for the task than Javascript)
            and then cross-compiled to Javascript for execution on the browser. It provides most of
            the APIs familiar to Java programmers in other environments, and supplements these with
            APIs offering access to the more specific services available in the browser world, for
            example access to the HTML DOM, the Window object, and user interface events.

        Because the Saxon XSLT 2.0 processor is written in Java, this gave us the opportunity
            to create a browser-based XSLT 2.0 processor by cutting down Saxon to its essentials and
            cross-compiling using GWT. An inspiration that such a project was possible was the
            development of the XProc engine for the browser Vojt2010, as it was
            implemented using GWT.

        We realized early on that simply offering XSLT 2.0 was not enough. Sure, there was a
            core of people using XSLT 1.0 who would benefit from the extra capability and
            productivity of the 2.0 version of the language. But it was never going to succeed using
            the old architectural model: generate an HTML page, display it, and walk away, leaving
            all the interesting interactive parts of the application to be written in Javascript. We
            would like to use XML technologies throughout, and that means replacing Javascript not
            only for content rendition (much of which can be done with CSS anyway), but more
            importantly for user interaction, including event handling. And it just so happens that
            the standard processing model for handling user interaction is event-based programming,
            and XSLT is an event-based programming language, so the opportunities are
            obvious.

        The first implementation of XSLT 2.0 for the browser we call Saxon-CE SAXONCE. In this short
            paper we investigate the underlying concepts of Saxon-CE. Specifically, how does one use
            XSLT 2.0, which is a purely functional language to manipulate a stateful interactive
            dialogue with the user to develop web applications.

        
    
    
        Interaction with XSLT 2.0

        XSLT as a declarative language was influenced by the ideas of functional programming,
            and by text-based pattern matching lnaguages. In essence, we have an input document,
            ideally written in XML, which would then go into the XSLT process and then produce
            output at the other end. The output would be some result document in a desired format,
            which would be in many cases XML, HTML or some other textual representation. The
            template rule structure of the XSLT stylesheet made it posssible to match XML documents
            and their sub-trees in a recursive rule-based process while generating the
            output.

        Offering XSLT 2.0 in the browser is a benefit to those coding XSLT 1.0 in the web, as
            it presents many advances, in term of extra capability and productivity. Regular
            expression support, user-written functions, and grouping are the most obvious examples,
            familiar to anyone at this conference. But offering interaction via XSLT 2.0 in the
            browser allows us to start winning over those Web 2.0 developers in supporting
            interaction and event handling. 

        In Saxon-CE we have a true XSLT 2.0 processor for the browser with some key
            extensions. However, what is different from our traditional approach when developing in
            XSLT is what we consider as our input and output document. The input not only can be
            some text-based document, as in XML, but we have available the HTML DOM tree from the
            browser in the current instance of the web page loaded. This is important when we think
            of accessing the HTML as we see it on the browser. Likewise the output would typically
            be to the HTML DOM. The output in fact is typically some document fragment which can be
            attached to the HTML tree, ready for the next phase of processing, as discussed later in
            this paper.

        The following features are standard in XSLT 2.0, but we extend their use to support
            interaction, either through language extensions or through an imaginative interpretation
            of the flexibility that the language specification gives to implementors:

        
            	
                Multiple result files: The instruction xsl:result-document in
                    XSLT 2.0 allow us to create multiple result trees. In Saxon-CE we take advantage
                    of this instruction in an innovative way: we allow the transformation to create
                    many small sub-trees, each of which is written to a different part of the HTML
                    page. This means that a transformation phase does not need to rewrite the whole
                    HTML document, it only needs to write those parts that have changed as a result
                    of the user interaction. This leads to a radically different programming
                    approach from the way XSLT is conventionally used. The
                        xsl:result-document instruction uses a URI to define the
                    destination of the result tree; Saxon-CE defines a URI syntax that allows
                    addressing into the HTML document, so that the result tree can be written to any
                    part of the page

            

            	
                The XDM data model: XDM (the data model for XSLT 2.0) is an abstract data
                    model with a close relationship to the XML infoset. But the XDM specification
                    gives implementations freedom how to construct an XDM instance to represent
                    information that might not have originated as XML. Saxon-CE takes advantage of
                    this to provide a view of the HTML page as an input document. The mappings to
                    the HTML DOM are for the most part straightforward and familiar to anyone who
                    has used XPath 1.0 in the browser, though there are a few surprises because of
                    the way HTML5 in particular normalizes case and handles namespaces. But Saxon-CE
                    also goes beyond merely mapping the HTML DOM to XDM. A peculiarity of the
                    Javascript environment is that nodes in the HTML DOM correspond to Javascript
                    objects, but there is often information in the Javascript objects which is not
                    directly or conveniently available as DOM elements and attributes. To avoid
                    users having to constantly escape into Javascript to access this information,
                    Saxon-CE therefore exposes many of the properties of these Javascript objects as
                    "virtual" attributes. These appear in a separate namespace to avoid conflicts
                    with real attributes. There are in fact two such namespaces, one for properties
                    of the Javascript object itself, and one for properties of the CSS style
                    associated with each element.

                Similarly, Saxon-CE also extends the XDM model to provide access to information
                beyond the scope of the HTML DOM, such as the properties of the browser window itself.

            

            	
                Template rules with mode setting: XSLT 2.0 allows a transformation to be
                    initiated with a given context node, in a given mode. Saxon-CE takes advantage
                    of this to process user interaction events in the browser, such as the user
                    clicking a button. When an on-click event occurs on a button object, a
                    transformation is initiated with the HTML element representing the button as the
                    initial context node, and with the initial mode ixsl:on-click
                    (where ixsl is a Saxon-CE defined namespace). Each such event
                    starts a new transformation, which can produce one or more result trees. To
                    preserve the purely functional semantics of XSLT, these result trees are not
                    written back to the HTML DOM until the transformation has finished; a
                    transformation cannot see its own updates. The approach used to achieve this is
                    very similar to the use of pending update lists in XQuery Update (in fact the
                    code is directly lifted from Saxon's implementation of XQuery updates). A
                    beneficial effect of this has been high reliability; the product is largely
                    insulated from the concurrency effects that otherwise occur when many events
                    occur in quick succession, each modifying the same shared data.

                As well as handling user interaction events, Saxon-CE also allows a transformation
                to be triggered by a timer event, thus enabling animations.

            

            	
                Use of XSLT functions: XSLT 2.0 allows and encourages the development of
                    function libraries by vendors and third parties, rather than requiring
                    everything to be in the core language. Saxon-CE fully takes advantage of this
                    flexibility and extensibility. Built in to the product is a small library of
                    essential functions needed by anyone developing browser-based applications.
                    These fall into two groups. The first group contains functions which access
                    parts of the browser environment (ixsl:page gets the HTML document,
                        ixsl:source gets the XML source document,
                        ixsl:window gets the browser window, ixsl:event
                    gets the current event). The second group provides interoperability between XSLT
                    and Javascript code (ixsl:call calls a Javascript function,
                        ixsl:get gets a property of a Javascript object,
                        ixsl:eval evaluates a Javascript expression supplied as a
                        string.)

                These extensions enable the development of higher-level function libraries,
                which can provide access to the many rich Javascript libraries available to 
                web developers. Developers choosing to take advantage of XSLT for writing their
                web applications do not need to forgo the joys of using these cool libraries
                available in the Javascript world.

                
            


        

        HTML DOM Tree

        In Figure 1 we illustrate that with Saxon-CE we can
                manipulate the HTML DOM tree and handle events with the use of
                    xsl:result-document and xsl:template, respectively.
                The code snippet below gives further detail of the use of the
                    xsl:result-document instruction. The hef attribute
                contains a '#' symbol followed by the id value referencing the element
                in the HTML DOM tree. This is where we would like to make modifications in the DOM
                tree, for example we use the id attribute of the div
                element. The method attribute has the value 'append-content' which
                causes the result tree to be written as the last child of the div
                element. Using the alternative 'replace-content' causes all its child nodes to be
                replaced.

        
        <xsl:result-document href="#x" method="append-content">
    <p>text1</p>
</xsl:result-document>


        As discussed before, in Saxon-CE we take advantage of modes in template instructions
                to handle events which match the rule in the match attribute. This we show in the
                code snippet below. Here we use the function matches with an regular
                expression when matching a div element. We also show how we can set the
                values of the JavaScript object properties from within he XSLT stylehsheet.

        <xsl:template match="div[matches(@id, '\w\d')]" mode="ixsl:onclick">
    <xsl:variable name="initial-square" select="@id"/>
    <ixsl:set-property name="value" object="ixsl:page()//input[@id='inputBx']"
     select="concat($initial-square, '-')"/>
</xsl:template>
            

        
        [image: HTML DOM Tree]
                
                
Figure 1.HTML DOM TreeSaxon-CE interaction presented in the HTML DOM tree


         
    
    
        Saxon-CE implementation

        As already mentioned, Saxon-CE is implemented using the Google Web Toolkit, which cross-compiles
        Java to Javascript for execution in the browser, and provides access to many aspects of the browser
        environment including the HTML DOM.

        GWT does not offer the full range of class libraries available on the standard Java-SE platform,
        but it provides 90% of the interfaces that Saxon needs. Filling the gaps was not difficult. Some of the
        gaps are a little surprising, for example there is no java.net.URI class; but there
        are plenty of open-source alternatives that provide the functionality Saxon uses.

        In a few cases Saxon supplements the services GWT provides with native code written in Javascript,
        but the total amount is very small. For example, GWT's DOM interface provides no way of enumerating the
        attributes of an element, which is clearly needed to implement XPath; Saxon therefore handles this itself,
        using code that varies from one browser to another (in one case, it has to resort to re-parsing the source
        HTML).

        Javascript notoriously provides only floating-point arithmetic, and GWT therefore maps Java's integer
        and long types to double-precision floating point. In view of this, we decided in Saxon to implement the
        XDM xs:integer and xs:decimal data types using the Java BigDecimal class, which is available
        in GWT and appears to perform quite adequately.

        One of the few areas we chose to compromise on XSLT and XPath conformance was in the code for converting
        floating-point numbers to strings. The mainstream Saxon product implements this logic itself, because the XPath
        rules are not aligned with the Java rules. But in the interests of code size and speed, we decided on the
        Saxon-CE platform to use GWT's toString() method for this, which maps directly to the Javascript implementation,
        and produces results that are perfectly acceptable to users, but not 100% conformant with the XPath specification.

        By contrast, for regular expression handling we chose to use Saxon's regular expression engine (a fork
        of the open-source Jakarta engine from Apache) rather than the GWT regular expression library, which is a wrapper
        over the Javascript routines. The main reason is for Unicode support, which is very weak in the Javascript
        libraries.

        The Saxon-EE product is over 250,000 lines of code. Key to Saxon-CE performance is the size of the code
        that needs to be downloaded, and so an early imperative was to cut this down. There was no shortage of opportunities:
        the schema processor and the query processor were obvious candidates. Less obvious was the decision to drop the
        highly-efficient TinyTree implementation of the XDM model, and rely on the much slower DOM. The final
        code size is around 80K lines of Java, which compiles to around 900Kb of Javascript: this results in a visible
        delay when starting a Saxon-CE application, typically a couple of seconds — not a long enough delay to deter most users.
        And of course the code is cached, so this happens only on first access. There is scope to reduce the code size
        more than this — aggressive pruning could probably bring it down to half this, but there is a law of diminishing 
        returns. Some of the bulkier parts of the code are already paged in on demand (for example the data tables needed
        to support Unicode normalization) and this technique could be extended.

        Key to the practical utility of the product is the availability of developer tools. Hopefully in time
        third-party vendors will see the benefits of adding to the tooling available, but the product already comes
        with a very useful starter set of capabilities for tracing and debugging, fully integrated with the browser's developer
        console.

    
    
    
        Saxon-CE applications

        Some of the Saxon-CE applications that have been developed by users are showcased on
            Saxonica's web site SAXONDEMO. Inevitably, many of them were written to explore the capability of
            the technology rather than to meet a real business need. Games and puzzles feature
            strongly: and one can see why — creating a simple game in XSLT 2.0 is so much easier
            than writing it in Javascript. Another class of applications can be categorized as "data
            visualization": the idea of taking some complex data and generating a dynamic SVG
            animation is very appealing. Similarly, reports allowing arbitrary drilling-down into
            detail can involve creation of thousands of pages of static HTML if published in the
            conventional way on the server, but can deliver a better user experience while also
            saving on network bandwidth if delivered to the browser as raw XML.

        The application we will demonstrate at the conference is perhaps one area where the benefits of XSLT in the browser
            are easiest to appreciate. It is also a live production application SAXONDOC. Both the "mainstream" Saxon and the Saxon-CE
        documentation are now delivered using this application, which provides an interactive browser/reader for the
        technical documentation.

        We chose to maintain the documentation on the server in HTML5, rather than using a richer vocabulary such as
        DocBook or DITA. However, it's HTML5 containing logical structure only, with no presentation information; if displayed
        directly on the browser it would be readable, but very plain. Excluding the Javadoc API specifications, it's delivered
        as about 20 files totalling around 8Mb of text. The application is written entirely as a single XSLT stylesheet,
        plus a tiny amount of Javascript mainly to handle highlighting of search terms.

        There's a catalog file on the server containing a top-level table of contents, which enables the contents menu
        to be displayed without downloading all 20 files; the rest of the content is downloaded on demand. It's a single
        page application, which presents a page-oriented hyperlinked view of the documentation in which each page has its own
        "hash-bang" URI which can be written down, bookmarked, and exchanged by email: all navigation functions within the
        application update this URI in the browser window, so the back button works as expected and generally, the experience
        of regular web browsing is faithfully reproduced, but with much better responsiveness.

        The most obvious added-value that the application brings to the content over regular static HTML browsing is the
        ability to search the whole 8Mb of text for keywords, without returning to the server. But there are many other navigation 
        aids such as table of contents, hyperlinks, breadcrumbs, and forward and backward navigation, all implemented directly 
        in the XSLT 2.0 code. All of this could of course have been written in Javascript, but it would have required far more
        code and almost certainly, far more debugging.

        The benefits of the approach are particularly noticeable for the Javadoc API browser. Saxon is a big product and the
        static Javadoc was becoming extremely unwieldy, as well as delivering a very old-fashioned image. The sheer bulk of the
        HTML files (each containing reams of identical presentation information, as well as highly redundant content) made
        it difficult to manage, discouraging incremental updates and corrections, or maintenance of multiple versions. For the
        new approach, we found and adapted a Javadoc plug-in (or "doclet") to generate XML instead of HTML, and then do a modest
        amount of server-side XSLT processing on this XML prior to publication; the rest of the job is done by the XSLT 2.0 stylesheet
        on the browser. The result for the user is much slicker navigation around the information; for the publisher (ourselves) it's
        a much lighter-weight publication workflow.

    

    
        Conclusion


        In this paper we have presented a number of innovative ideas of Saxon-CE and a
            plethora of possible use case applications. We have not only demonstrated how one can
            bring XSLT 2.0 into the web browser, with the help of Google's GWT technology, but that
            it is possible to extend XSLT 2.0 into a feature rich Web '2.0' architecture tool. We
            can now develop interactive client-side applications in XSLT 2.0, which has the HTML DOM
            tree and XML documents as its core data model. It is also possible for Saxon-CE to
            interoperate with JavaScript or even be used as its replacement.
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      Abstract
Both XML namespaces and standoff annotation are promising approaches to tackle possibly
        overlapping multiple annotation layers in XML instances. The creation and processing of
        standoff instances can be cumbersome – especially when the underlying textual primary data
        is allowed to be modified after the annotation has been added. In this paper we present a
        powerful API that is capable of dealing with these tasks by providing an extension mechanism
        that allows for the easy creation of modules corresponding to a certain namespace (and
        therefore markup language). We use XStandoff as a working example since it is a standoff
        format that highly depends on XML namespaces for different annotation layers.
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    Multiple annotated documents

    Markup languages are often defined for structuring the information of a specific text
      type, such as web pages (HTML), technical articles or books (DocBook), or a set of information
      items, such as vector graphics (SVG) or protocol information (SOAP). Therefore, their
      structure is (in limits) determined by a document grammar that allows for specific elements
      and attributes. In addition, the different XML-based document grammar formalisms allow to a
      certain degree the combination of elements (and attributes) from different markup languages –
      usually by means of XML namespaces (Bray2009). In practice, one host
      language can include islands of foreign markup (guest languages). There are different examples
      for the combination of host and guest markup languages (apart from the already mentioned
      SOAP). A certain XHTML driver (Ishikawa2002) allows for the combination of
      XHTML (as a host language), MathML and SVG (as guest languages), and the Atom Syndication
      Format (Nottingham2005) can be used in conjunction with a wide range of
      extensions (e.g. for Threading, see Snell2006, or Activity Streams, see
        Atkins2011) while it is also meant to be embedded in parts in the RSS
      format (Winer2009).

    Although XML namespaces support the combination of elements derived from different
      markup languages, they do not change XML's formal model that prohibits overlapping markup.
      However, standoff markup (instead of inline annotation) may be used to circumvent this
      problem. The meta markup language XStandoff (Stuehrenberg2009) embeds
      (slightly transformed) islands of guest languages (with respective XML namespaces) in
      combination with a standardized standoff approach as key feature for the storage of multiple
      (and possibly overlapping) hierarchies.

    Typical problems when dealing with multiple and/or standoff annotations are related to the
      production and processing of instances. Although usually each markup language involved is
      defined by a document grammar on its own, it can often be cumbersome to validate an instance
      combining elements from a large variety of document grammars (although XStandoff is capable of
      validating these instances, adapted XML schema files have to be present for each guest
      language). This behaviour can be controlled by means of the document grammar formalism. For
      example, XML Schema allows different values of its processContents attribute
      which may occur on the any element. The value lax provided in Figure 1, “Controlling validation of foreign namespace elements” (taken from XStandoff's layer element) instructs an XML processor to validate the element content on
          a can-do basis: It will validate elements and attributes for which it can obtain schema
          information, but it will not signal errors for those it cannot obtain any schema
          information, Section 5.5, Any Element, Any Attribute.

    <xs:element name="layer">
  <xs:complexType>
    <xs:sequence>
      <!-- [...] -->
      <xs:any namespace="##other" minOccurs="0" maxOccurs="unbounded" processContents="lax"/>
    </xs:sequence>
  </xs:complexType>
</xs:element>

    
Figure 1.Controlling validation of foreign namespace elements
    In addition, the namespace attribute may be used to control the allowed
      namespaces. While XSD 1.0 allows the values ##any, ##other or a list
      of namespaces only (including the preserved values ##targetNamespace and
        ##local, see Thompson2004), RELAX NG supports the exclusion
      of namespaces (by using the except pattern in combination with
        nsName). XSD 1.1 (Gao2012) introduced the
        notNamespace and notQName attributes.

    The production of multiple annotated documents is typically the result of the combination
      of formerly stand-alone documents (or their parts), such as the inclusion of externally
      created SVG graphics in an XHTML host document, or the outcome of a mostly automated process
      (see Stuehrenberg2009 for a discussion on the production of XStandoff
      instances). What is still lacking is an API (Application Programming Interface)
      that is flexible enough to support the production
      and processing of multiple annotated instances, even if annotations are referring to the same
      primary data by means of standoff annotation. We will demonstrate such an API in the reminder
      of this article.

  
  
    Creating an extensible API

    XML::Loy (Diewald2011) is a Perl library, that
      provides a simple programming interface for the creation of XML documents with multiple
      namespaces. It is based on Mojo::DOM, an HTML/XML DOM parser that is part
      of the Mojolicious framework (Riedel2008).
        Mojo::DOM povides CSS selector based methods for DOM traversal (vanKesteren2013), similar to Javascript's querySelector() and
        querySelectorAll() methods.

    The basic methods for the manipulation of the XML Document Object Model provided by
        XML::Loy are add() and set(). By applying
      these methods new nodes can be introduced as children to every node in the document. While
        add() always appends additional nodes to the document, set() only
      appends nodes in case no child of the given type exists. Both methods are invoked by a chosen
      node in the document tree (acting as the parent node of the newly introduced node). They
      accept the element name as a string parameter, followed by an optional hash reference
      containing attributes and a string containing optional textual content of the element. A final
      string can be used to put a comment in front of the element.

    use XML::Loy;

my $doc = XML::Loy->new('document');
$doc->set(title => 'My Title');
$doc->set(title => 'My New Title');
$doc->add(paragraph => { id => 'p-1' } => 'First Paragraph');
$doc->add(paragraph => { id => 'p-2' } => 'Second Paragraph');

print $doc->to_pretty_xml;

    
Figure 2.Using XML::Loy to create a document
    In the example presented in Figure 2, “Using XML::Loy to create a document” a new XML::Loy
      document instance is created with a root element document. Applying the
        set() method, a new title element is introduced as a child of the
      root element. The second call of set() overwrites the content of the
        title element. By using the add() method we insert multiple
        paragraph elements without overwriting existing ones. These elements are
      defined with both an id attribute and textual content.
      By applying the to_pretty_xml() method, the result can be printed as XML.

    <?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<document>
  <title>My New Title</title>
  <paragraph id="p-1">First Paragraph</paragraph>
  <paragraph id="p-2">Second Paragraph</paragraph>
</document>

    The strength of this simple approach for document manipulation is the ability to pass
      these methods to new extension modules that can represent APIs for specific XML namespaces, as
      both host and guest languages. The example given in Figure 3, “Creating XML::Loy extensions” is
      meant to illustrate these capabilities by creating a simple XML::Loy extension
      for morpheme annotations.

    package XML::Loy::Example::Morphemes;
use XML::Loy with => (
  namespace => 'http://www.xstandoff.net/morphemes',
  prefix => 'morph'
);

# Add morphemes root
sub morphemes {
  my $self = shift;
  return $self->add(morphemes => @_);
};

# Add morphemes
sub morpheme {
  my $self = shift;
  return unless $self->type =~ /^(?:morph:)?morphemes$/;
  return $self->add(morpheme => @_);
};

    
Figure 3.Creating XML::Loy extensions
    The class inherits all XML creation methods from XML::Loy and thus
      all XML traversal methods from Mojo::DOM. When defining the base class,
      an optional namespace http://www.xstandoff.net/morphemes is bound to the
        morph prefix, which means, all invocations of set() and
        add() from this class will be bound to the morph namespace. The
      newly created morphemes() method appends a morphemes element bound
      to the given namespace as a child of the invoking node.

    To implement simple grammar rules to the API the methods can check the invoking context, for
      example by constraining the introduction of morpheme elements to
        morphemes parent nodes only (see the regular expression check
        /^(?:morph:)?morphemes$/).

    This newly created API for the http://www.xstandoff.net/morphemes namespace
      can now be used to create new document instances (see Figure 4, “Creating a document by using XML::Loy::Example::Morphemes”
      and the output shown in Figure 5, “The output instance created with XML::Loy::Example::Morphemes”).

    use XML::Loy::Example::Morphemes;

my $doc = XML::Loy::Example::Morphemes->new('document');

my $m = $doc->morphemes;

$m->morpheme('The');
$m->morpheme('sun');
$m->morpheme('shine');
$m->morpheme('s');
$m->morpheme('bright');
$m->morpheme('er');

print $doc->to_pretty_xml;

    
Figure 4.Creating a document by using XML::Loy::Example::Morphemes
    <?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<document xmlns="http://www.xstandoff.net/morphemes">
  <morphemes>
    <morpheme>The</morpheme>
    <morpheme>sun</morpheme>
    <morpheme>shine</morpheme>
    <morpheme>s</morpheme>
    <morpheme>bright</morpheme>
    <morpheme>er</morpheme>
  </morphemes>
</document>

    
Figure 5.The output instance created with
        XML::Loy::Example::Morphemes
    By using the generic methods add() and set() provided by
        XML::Loy, the class can easily be used for extending an existing
        XML::Loy based class (i.e. as a guest language inside another host
      language). In the example shown in Figure 6, “Using extensions with XML::Loy” a simplified HTML
      instance is read and instantiated. Elements from the
        http://www.xstandoff.net/morphemes namespace are appended using the API
      described above (the output is shown in Figure 7, “The output instance created with XML::Loy and the XML::Loy::Example::Morphemes extension”).

    use XML::Loy;

my $doc = XML::Loy->new(<<'XML');
<?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<html>
  <head><title>The sun</title></head>
  <body />
</html>
XML

$doc->extension(-Example::Morphemes);
my $p = $doc->at('body')->add('p' => 'The sun shines');
my $m = $p->morphemes;
$m->morpheme('bright');
$m->morpheme('er');

print $doc->to_pretty_xml;

    
Figure 6.Using extensions with XML::Loy
    <?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<html xmlns:morph="http://www.xstandoff.net/morphemes">
  <head>
    <title>The sun</title>
  </head>
  <body>
    <p>The sun shines
      <morph:morphemes>
        <morph:morpheme>bright</morph:morpheme>
        <morph:morpheme>er</morph:morpheme>
      </morph:morphemes>
    </p>
  </body>
</html>

    
Figure 7.The output instance created with XML::Loy and the
        XML::Loy::Example::Morphemes extension
    By extending the XML::Loy base object with the newly created class using
      the extension()[1] method, all method calls from the extension class are available for namespace aware
      traversal and manipulation. In general, using such an extensible API provides at least some
      functionality usually made available by document grammars (the nesting of elements for
      example) and adds methods to create and manipulate the respective class of instances.

  
  
    XStandoff as an example application

    XStandoff's predecessor SGF (Sekimo Generic Format) was developed in 2008 (see Stuehrenberg2008) as a meta format for storing and analyzing multiple annotated
      instances as part of a linguistic corpus. In 2009 the format was generalized and enhanced.
      Since then, XStandoff combines standoff notation with the formal model of General
      Ordered-Descendant Directed Acyclic Graphs (GODDAG, introduced in Sperberg-McQueen2004; see Sperberg-McQueen2008a for a more
      recent discussion). The format as such is capable of representing multiple hierarchies and
      specifically challenging structures such as overlaps, discontinuous elements and virtual
      elements. The basic structure of an XStandoff instance consists of the root element
        corpusData underneath which the child elements meta (optional),
        resources (optional), primaryData (optional in the proposed
      release 2.0, see Stuehrenberg2013), segmentation and
        annotation are subsumed. Figure 8, “XStandoff instance” shows an example
      XStandoff document.[2]

    <?xml version="1.0" encoding="UTF-8"?>
<xsf:corpusData xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
   xsi:schemaLocation="http://www.xstandoff.net/2009/xstandoff/1.1 xsf2_1.1.xsd"
   xmlns="http://www.xstandoff.net/2009/xstandoff/1.1"
   xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1" xml:id="c1" xsfVersion="2.0">
   <xsf:primaryData start="0" end="24" xml:lang="en" xml:space="preserve" unit="chars">
      <textualContent>The sun shines brighter.</textualContent>
   </xsf:primaryData>
   <xsf:segmentation>
      <xsf:segment xml:id="seg1" type="char" start="0" end="24"/>
      <xsf:segment xml:id="seg2" type="char" start="0" end="3"/>
      <xsf:segment xml:id="seg3" type="char" start="4" end="7"/>
      <xsf:segment xml:id="seg4" type="char" start="8" end="14"/>
      <xsf:segment xml:id="seg5" type="char" start="8" end="13"/>
      <xsf:segment xml:id="seg6" type="char" start="13" end="14"/>
      <xsf:segment xml:id="seg7" type="char" start="15" end="21"/>
      <xsf:segment xml:id="seg8" type="char" start="15" end="20"/>
      <xsf:segment xml:id="seg9" type="char" start="20" end="23"/>
      <xsf:segment xml:id="seg10" type="char" start="21" end="23"/>
   </xsf:segmentation>
   <xsf:annotation>
      <xsf:level xml:id="l_morph">
         <xsf:layer xmlns:morph="http://www.xstandoff.net/morphemes"
            xsi:schemaLocation="http://www.xstandoff.net/morphemes morphemes.xsd">
            <morph:morphemes xsf:segment="seg1">
               <morph:morpheme xsf:segment="seg2"/>
               <morph:morpheme xsf:segment="seg3"/>
               <morph:morpheme xsf:segment="seg5"/>
               <morph:morpheme xsf:segment="seg6"/>
               <morph:morpheme xsf:segment="seg7"/>
               <morph:morpheme xsf:segment="seg10"/>
            </morph:morphemes>
         </xsf:layer>
      </xsf:level>
      <xsf:level xml:id="l_syll">
         <xsf:layer xmlns:syll="http://www.xstandoff.net/syllables"
            xsi:schemaLocation="http://www.xstandoff.net/syllables syllables.xsd">
            <syll:syllables xsf:segment="seg1">
               <syll:syllable xsf:segment="seg2"/>
               <syll:syllable xsf:segment="seg3"/>
               <syll:syllable xsf:segment="seg4"/>
               <syll:syllable xsf:segment="seg8"/>
               <syll:syllable xsf:segment="seg9"/>
            </syll:syllables>
         </xsf:layer>
      </xsf:level>
   </xsf:annotation>
</xsf:corpusData>


    
Figure 8.XStandoff instance
    In this example, the sentence The sun shines brighter. is annotated with
      two linguistic levels (and respective layers): morphemes and syllables. We cannot combine both
      annotation layers in an inline annotation, since there is an overlap between the two syllables
        brigh and ter and the two morphemes bright and
        er (see Figure 9, “Graphical representation of overlapping hierarchies” for a visualization of the
      overlap).

    [image: Graphical representation of overlapping hierarchies]
        
      
Figure 9.Graphical representation of overlapping hierarchies
    Each annotation is encapsulated underneath a layer element (which in turn is
      a child element of a level element, since it is possible to have more than one
      serialization, that is, layer, for a conceptual level).[3] The xsf:segment attribute is used to link the annotation with the
      respective part of the primary data. Similar to other standoff approaches, XStandoff uses
      character positions for defining segments over textual primary data. Changes of the input text
      result in an out-of-sync situation between primary data and annotation. Processing XStandoff
      instances requires dealing with at least n+1 XML namespaces: one for
      XStandoff itself and one for each of the n annotation layers.

    Up to now, these instances are created by transforming inline annotations via a set of
      XSLT 2.0 stylesheets (see Stuehrenberg2009 for a detailed discussion). We
      will outline an example API for XStandoff based on XML::Loy that makes it
      easy to deal with the dynamic creation of multi-layered annotations in the following section[4].

  
  
    Creating and processing XStandoff instances using XML::Loy

    As presented in the previous section, XStandoff associates annotations to primary data by
      defining segment spans[5] to which the annotations are linked to via XML ID/IDREF integrity features. There
      are multiple ways to cope with standoff annotation: Compared to the XStandoff-Toolkit
      discussed in Stuehrenberg2009, our API will provide an additional
      way to access and manipulate both annotations and primary data directly.

    use XML::Loy::XStandoff;

# Create new corpusData
my $cd = XML::Loy::XStandoff->new('corpusData');

# Set textual content embedded
$cd->textual_content('The sun shines brighter.');

# Create segmentation
my $seg = $cd->segmentation;

# Create segments manually
my $seg1 = $seg->segment(0,24);
my $seg2 = $seg->segment(0, 3);
my $seg3 = $seg->segment(4, 7);
my $seg4 = $seg->segment(8, 13);
my $seg5 = $seg->segment(13, 14);
my $seg6 = $seg->segment(15, 21);
my $seg7 = $seg->segment(21, 23);

print $cd->to_pretty_xml;

    
Figure 10.Creating XStandoff instances with XML::Loy::XStandoff
    In Figure 10, “Creating XStandoff instances with XML::Loy::XStandoff” a new corpusData element is created.
    Next, a textualContent element is added
    (below an automatically introduced primaryData element with a unique xml:id).
    Seven manually defined
    segment elements are appended for selecting spans over the textual primary data
      aligned to the words and the sentence as a whole. Figure 11, “The XStandoff instance created with XML::Loy::XStandoff” shows
    the output.

    <?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<corpusData xmlns="http://www.xstandoff.net/2009/xstandoff/1.1"
            xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1">
  <primaryData start="0" end="24" xml:id="pd-2531FE9A-...">
    <textualContent>The sun shines brighter.</textualContent>
  </primaryData>
  <segmentation>
    <segment start="0" end="24" type="char" xml:id="seg-2532C88E-..." />
    <segment start="0" end="3" type="char" xml:id="seg-25330ACE-..." />
    <segment start="4" end="7" type="char" xml:id="seg-25334E9E-..." />
    <segment start="8" end="13" type="char" xml:id="seg-2533949E-..." />
    <segment start="13" end="14" type="char" xml:id="seg-2533DFE4-..." />
    <segment start="15" end="21" type="char" xml:id="seg-25343052-..." />
    <segment start="21" end="23" type="char" xml:id="seg-25348368-..." />
  </segmentation>
</corpusData>

    
Figure 11.The XStandoff instance created with XML::Loy::XStandoff
    The document creation is simple, as most elements such as corpusData,
        textualContent and segment have corresponding API methods for
      finding, appending, updating and removing elements of the document. Segments are appended by
      defining their scope.

    The manipulation of the primary data is possible by applying the
        segment_content() method, that associates primary data with segment spans (see
        Figure 12, “Using the XML::Loy::XStandoff API”).

    # Get segment content
say $seg->segment($seg3)->segment_content;
# 'sun'

# Replace segment content
$seg->segment($seg3)->segment_content('moon');

# Interactively replace segment content
$seg->segment($seg7)->segment_content(sub {
  my $t = shift;
  # Remove a sequence of 'er' from the string
  $t =~ s/er//;
  return $t;
});

# Show updated textual content
say $cd->textual_content;
# The moon shines bright.

# Segment positions are updated automatically
for ($seg->segment($seg6)) {
  say $_->attrs('start'); # 16
  say $_->attrs('end');   # 22
};

    
Figure 12.Using the XML::Loy::XStandoff API
    The textual content virtually delimited by a segment can be retrieved, replaced and
    manipulated, while all other segments stay intact and update their according start and end
    position values by calculating the new offsets in case they change.
    This addresses one of the key problems
    with standoff annotation: Usually, if one alters the primary data without updating the
    corresponding segments, association of annotations and corresponding primary data will break.
    Due to the dynamic access of primary data information provided by this API,
    work with standoff annotations can
    be nearly as flexible as with inline annotations, without the limitations these annotation
    formats have, for example to represent overlapping (see Figure 9, “Graphical representation of overlapping hierarchies”).

    The morpheme extension created in Creating an extensible API can be simply adopted
    to represent an annotation layer with overlapping segment spans with an annotation of
    syllables (see Figure 13, “Extending XML::Loy::XStandoff”).

    use XML::Loy::XStandoff;

# Create new corpusData
my $cd = XML::Loy::XStandoff->new('corpusData');

# Load extensions for Morphemes and Syllables
$cd->extension(-Example::Morphemes, -Example::Syllables);

# Set textual content embedded
$cd->textual_content('The sun shines brighter.');

# Start segmentation
my $seg = $cd->segmentation;
my $all = $seg->segment(0, 24);

# Create new annotation layer for morphemes
my $m = $cd->layer->morphemes;

# Create and associate all necessary segments for all morphemes
$m->seg($all);
foreach ([0,3], [4,7], [8,13], [13,14], [15,21], [21,23]) {
  $m->morpheme->seg($seg->segment($_->[0], $_->[1]));
};

# Create new annotation layer for syllables
my $s = $cd->layer->syllables;

# Create and associate all necessary segments for all syllables
# independently, so overlaps are supported
$s->seg($all);
foreach ([0,3], [4,7], [8,14], [15,20], [20,23]) {
  $s->syllable->seg($seg->segment($_->[0], $_->[1]));
};

# Change the primary data of the second morpheme 'sun' to 'moon'
$cd->find('morpheme')->[1]->segment_content('moon');

    
Figure 13.Extending XML::Loy::XStandoff
    The resulting document is similar to listing Figure 8, “XStandoff instance” but with a modified
    primary data of The moon shines brighter. and updated segment spans.


    Another problem with some standoff formats is the association with decoupled primary data
      content. In XStandoff the primary data can be included in the XSF instance (as seen in the
      previous examples) or stored in a separate file and referenced via the
        primaryDataRef element (in case of larger textual primary data, multimedia-based or
      multiple primary data files). If this file is on a local storage, the API will take care
      of updating the external textual content as well. Trying to modify files that are not
      modifiable (e.g. accessible online only) will result in a
      warning.

    Since metadata in XStandoff can be either included inline or referenced in the same way, the handling of
      metadata in our API can be treated alike, with a slight difference
      if the metadata itself is a well-formed XML document. The example given in Figure 15, “Accessing external metadata” assumes a simple metadata document in RDF with a Dublin Core
      namespace at the location files/meta.xml in the local file system (shown in Figure 14, “RDF metadata instance”).

    <?xml version="1.0"?>
<rdf:RDF xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
         xmlns:dc="http://purl.org/dc/elements/1.1/">  
  <rdf:Description>
    <dc:creator>Nils Diewald</dc:creator>
    <dc:creator>Maik Stührenberg</dc:creator>
    <dc:title>An extensible API for documents with multiple annotation layers</dc:title>
    <dc:language>EN</dc:language>
  </rdf:Description>
</rdf:RDF>

    
Figure 14.RDF metadata instance
    # Define the metadata as an external file
$cd->meta(uri => 'files/meta.xml');

# Retrieve the metadata, resulting in a new XML::Loy object
my $meta = $cd->meta(as => [-Loy, -DublinCore]);

# The extension is available in the newly defined object
print $meta->at('Description')->dc('title');
# 'An extensible API for documents with multiple annotation layers'

    
Figure 15.Accessing external metadata
    The API enables the reference to the external document and supports the access by defining
    a new XML::Loy object with an extension for dealing with Dublin Core data.[6] As a result, the Dublin Core annotated title element can be accessed
    directly, although the data is not embedded in the document.

  
  
    Conclusion and future work

    We have demonstrated the XML::Loy API that can be used as a framework
      for development of extensible modules for given namespaces (and therefore markup
      languages). Modules created as extensions can then be used in a simple but yet powerful way to
      create and process multiple annotated instances, even with standoff markup and referenced
      documents for primary and metadata information.

    The current implementation of XML::Loy is written in pure Perl, with
      the focus on demonstrating the flexibility and extensibility of our approach, rather than
      creating a performance optimized system. Since the whole API (including the extension modules
      and examples described in this paper) is available under a free license at http://github.com/Akron/XML-Loy-XStandoff further possible steps could include
      performance optimizations and the creation of an extension repository for popular standardized
      markup languages (such as OLAC, DocBook and TEI).
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Notes
The leading minus symbol is a shortcut for the XML::Loy module namespace,
          meaning, that the qualified name is
            XML::Loy::Example::Morphemes. More than one extension can be passed
          at once.

      
View note in Notes section
More examples can be found at http://www.xstandoff.net/examples.

      
View note in Notes section
Think of different POS taggers for example.

      
View note in Notes section
The software presented in this section is freely available under the GPL or the
          Artistic License at http://github.com/Akron/XML-Loy-XStandoff.

      
View note in Notes section
In the following example we will limit our view on segments defined by character
          positions. See Stuehrenberg2013 for examples for other segmentation
          methods supported by XStandoff.

      
View note in Notes section
This extension is not described in this article.
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      Abstract
Data models play two kinds of role in
information interchange. Descriptively, they offer domain models. Prescriptively, they propose plans of action. While stipulative definitions fill in a model's representational gaps, elegance and descriptive power reduce the need for arbitrary choices in standards and specifications. Proposals for modeling digital annotation serve to illustrate competing representational and cohortative agendas.
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    Annotations as Interpretations and Practices

    There are usually two ways to look at the consensus
represented by a data model or architecture: as the interpretation of
a domain and as a plan of action. XML schemas, UML diagrams, SQL
relational definitions, RDF vocabularies, and many other familiar tools
can be read both as accounts of the entities and relational properties
in a domain, and as guidelines for uniformity of naming and encoding.
These two understandings are not necessarily at odds with each other:
a specification may lay out both how its authors understand what
they're modeling and how they have agreed to maintain consistency in
expressing their data. But for purposes of promoting adoption,
one often finds more relative emphasis on either the social power of
uniform practice or on the generality of an elegant declarative
account. We may rely on one of these more than the other because it's
simply difficult to agree either on how we understand our domains or
how we'll standardize our practices (let alone both).


    For an example of where we might emphasize one modeling
agenda over another, consider the application of encoding
machine-readable annotations of digital resources. In an address to a
humanities computing symposium at King's College, John Unsworth listed
annotation among seven scholarly primitives, i.e., "basic functions
common to scholarly activity across disciplines, over time, and
independent of theoretical orientation" (unsworth00). 
Supporting digital annotation has long been a core use case in the 
humanities, but the growing role of response and feedback in both 
online social media and digital commerce has encouraged the 
understanding of annotations as a resource genre in their own 
right. A variety of architectures have consequently been
adopted or proposed as bases for digital annotation, including HyTime
(calabretto97), the Multivalent Framework (phelps97),  
the Linguistic Annotation Framework
(LAF) and the Open Annotation Data 
Model (OA).

    Open Annotation (OA) is an RDF vocabulary for relationships
among resources, and for metadata about those relationships. OA is
developed and published by a confluence of earlier projects now called
the Open Annotation Community. The following OA serialization is taken from
their cookbook of examples:[1]
 

    
ex:Anno a oa:Annotation ;
   oa:hasTarget <http://www.foaffy.org/gallery2/main.php?g2_itemId=11496> ;
   oa:hasBody <http://en.wikipedia.org/wiki/Harry_Perry_%28musician%29> ;
   oa:annotatedBy ex:Person1 ;
   oa:annotatedAt "2012-02-12T15:02:14Z" ;
   oa:serializedBy ex:Software1 ;
   oa:serializedAt "2012-02-12T15:02:14Z"  .


    
Figure 1.
    In this example, the body of the
annotation is a web page describing the content of an image, the
target of the annotation. In OA, an annotation
body can be any resource that is somehow "about" another resource,
i.e., that stands in some kind of annotating relation to the target.
On the one hand, this is a descriptively general account of
annotations as a class. But  on reflection, OA's generality seems to
beg the question of what specific gap it fills in the RDF model of
resource associations. If, according to OA, annotations are sets of
related resources, what is it that distinguishes an annotation from
any other RDF description? OA's answer would seem to be that
annotations are exactly those descriptions serialized by the OA
community employing the OA vocabulary. But instead of a common
vocabulary, why not connect resources in a common architecture
across diverse RDF applications? Suppose an annotation vocabulary were
linked to specific annotating properties in local
languages—something like an  ISO 10744 enabling architecture.
Properties such as comment_on or
reviews could be declared as subproperties of
annotation, and resources linked by these annotating relations
inferred to be targets and bodies via domain and range declarations
as in Figure 2:
  

    Figure 2.Annotation as a superproperty


		
	  Equation (a)

	    annotatingRelation ⊑ annotates
	  


	

		
	  Equation (b)

	    ⊤ ⊑ ∀annotates.Target
	  


	

		
	  Equation (c)

	    ∃annotates.⊤ ⊑ Body
	  


	

      

      
    

    This enabling architecture approach offers some advantages.
Adopters of such a model would not have to convert their data to a
different serialization, for example, and the question of what exactly can
be annotated or serve as an annotation body could be governed by range
and domain constraints on local subproperties (product reviews annotating
products, footnotes annotating essays, etc.). Currently, OACG recommends
the Dublin Core Types vocabulary for typing annotation targets and
bodies, but the range of the hasTarget and
hasBody relations are purposefully undefined. As
a result, nothing in the current OA specifications forbids
interpretively challenging examples such as a person serving as the
annotation body for a target integer or a geographic location as the
body for a target person.

    On the other hand, the descriptive approach has
disadvantages as well. The OA community views annotations
as distinct from annotation bodies, but still as individuals with
properties of their own. Modeling annotations as relational instances
would therefore seem to require reification of either RDF statements or named graphs
(or the full existential quantification of first order
logic) if annotations are to stand in relations as individuals. So the
flexibility of using one's own vocabulary comes at the cost of
complexity or a requirement for greater expressive power. 


  
  
    Where do we annotate?

      Prescriptive and descriptive emphases can also be
contrasted in how particular regions of a resource are targeted for
annotation. The OA Specifiers Module recommends particular addressing
systems (including XPointer, W3C Media Fragments, etc.) and organizes
them by type: fragment selectors, range selectors, and area selectors.
But the OA specification does not make clear whether these three
categories are exhaustive, or even whether the particular methods
listed exhaust the categories (for example, whether there are area
selectors in addition to the one listed for SVG files). 
Figure 3 shows OA's provisional recommendation for
combining selectors: they are arranged in an ordered list from most
general to most specific. Caveats warn the reader that this chaining
method may eventually be deprecated if the RDF community recommends a
better approach to expressing order in graph structures[2]
.


    [image: OA List Composite for chained selectors]
	
      
Figure 3.OA List Composite for chained selectors


      Compare the current iterative recommendation in 
Figure 3 with the (hypothetical) recursive approach
shown in Figure 4. This alternative is inspired by
HyTime's location ladders, and dispenses with the need for list
composites. The targets are organized from specific to general,
allowing a more consistent range for the
oa:hasSelector property: Figure 3
shows lists in the range, even though lists are not selectors. The
point of the example is not that recursion is better than iteration,
but that the second solution relies more on a proposed semantics for
selectors, while the first appeals to broader community decisions on
how best to express ordered relations in RDF.


    [image: If OA used HyTime's location ladders]
	
      
Figure 4.If OA used HyTime's location ladders


    
    
      Summary and Generalization: Data Model Roles

    Data models and architectures play two kinds of role in
information interchange. On the one hand they present a theory of how
one should understand the domain of a specification or application,
and on the other hand they offer a plan of action. One might call the
former role a representational agenda: the
interest in doing justice to whatever it is that is being modeled. The
second role we'll call a cohortative agenda: 
promoting uniformity of practice through stipulative definitions.

    Successful data models need to address both the
representational and cohortative agendas to some extent. Models by their
nature are simplifications of reality, and never represent the
richness of their domains with full fidelity. Developers adopting a
specification must therefore accept its architecture with whatever
limitations they find. On the other hand, data models must offer some
semantic and expressive adequacy—they won't be adopted if
they're not inclusive enough for stakeholders' use cases or if they
simply make no sense.

    Just as stipulative definitions fill in a model's
representational gaps, elegance and descriptive power reduce the need
for arbitrary choices. As a result of this trade-off one sees two
complementary costs in standards adoption: that of relinquishing
full control over stipulations to a broader community vs. the complexity
necessary for generality of scope and flexibility of application. But
the language of information standards doesn't lay out this
complementarity to their audience: RDF schemas and UML 
diagrams don't announce the degree to which we should read them as
micro-theories as opposed to operational definitions.

    David Birnbaum presents a vivid illustration of these
competing model agendas in his 1996 recommendations for Unicode
encoding of early Cyrillic materials (birnbaum96).
Unicode organizes writing systems at the level of the script, rather
than the language-specific alphabet or orthography, but specifies that
characters convey distinctions in sound or meaning. As Birnbaum points
out, orthographic systems that share the same script may assign
different sounds or meanings to the same grapheme. The range of
languages, regions, and time periods covered in Cyrillic materials
scholarship therefore challenges Unicode's representational weakness
in ways that typical business uses do not. But, as Birnbaum explains,
although distinctions important to Slavic scholars may not always be
straightforward to express in Unicode, the "academic and computational
chaos and parochialism" that preceded Unicode's introduction lead to
even more difficult text rendering and processing problems. Therefore
Birnbaum's proposed encoding guidelines for Cyrillic texts address a
range of problems for Slavic scholarship, while keeping Unicode's
standardization and uniformity. This article is a rare example of
making clear both the descriptive limitations of an architecture and
the attraction of workarounds for leveraging the power of simply
getting on board despite the problems.

      Although the Open Annotation specifications don't lay out
descriptive/prescriptive tensions as directly, details that may seem
at first like semantic infelicities make more sense from a cohortative
perspective. OA is primarily a set of encoding guidelines, not a
theory of annotation. One adopts the Open Annotation Data Model for
the value of participating in a collective enterprise, and reads the
specification as a record of the working group's decisions. The
promise of OA lies more in prospects for social success than in the
model's descriptive power.


Standards development and adoption are social
activities—even formal aspects like data modeling. Decisions on
which standards to adopt require that we weigh different kinds of
costs against each other (e.g., complexity vs. stipulation costs).
These decisions take place against a backdrop of social factors that
usually aren't documented in standards or discussed in their
supporting literature. But each conceptual framework, layered
architecture or RDF schema we're offered has something to assert about
how things are, and some plan to propose on how to proceed.
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      Abstract
Semantic modeling to date has been largely an exercise in considering the whole world as
        triples (or at least, n-way tuples). Efforts to bridge the XML gap such as XSPARQL have
        focused on low-hanging syntactic fruit, and have not had much effect on deeper layers of the
        architecture.

      In semantic modeling, common situations that are supposedly bread-and-butter for RDF,
        for example tracking provenance or recording facts known to a certain probability, give rise
        to complexity such as the much reviled RDF reification, or statements about statements. Even
        the W3C RDF Primer doesn't seem altogether comfortable with it:

      
          While there are applications that successfully use reification, they do so by
            following some conventions, and making some assumptions, that are in addition to the
            actual meaning that RDF defines for the reification vocabulary, and the actual
            facilities that RDF provides to support it.

        

      In a similar vein, inference is commonly viewed in the semantic world as something that
        produces (only) triples from (only) triples. A broader view of inference encompassing XML
        documents and values as inputs and outputs can make many common use cases far more
        straightforward. This paper discusses a (hypothetical?) world where triples and documents
        get along better with each other, and speculates about what future products fusing these
        technologies might look like.
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    Introduction

    Q: How many designers does it take to change a light bulb?

    A: What makes you think a light bulb is the best solution?

    There's no shortage of works expounding on the obvious impedance mismatch between trees
      and graphs. The same goes for failed XML syntaxes for RDF. This paper isn't about
      those.

    There's also plenty out there on extensions to either XML or RDF or SPARQL to broaden the
      field of use cases covered by the technology. (XSPARQL for example is an elegant solution.)
      This paper isn't about any of those either.

    This paper outlines a number of common problems that application developers frequently
      encounter, and are normally associated with RDF and triple-based solutions, and yet prove to
      be complicated in practice to solve entirely with triples. This paper concludes with some
      initial thoughts and observations on the relative simplicity of treating triples and documents
      as part of a unified whole.

    .

  
  
    Asserting facts in XML

    Consider a web-crawling application that encounters statements encoded in web pages, in
      two different cases:
      
<html>
   <head>
       <meta name="author" content="Micah Dubinko"/>
…

      vs
      
<div typeof="rdf:Statement">
   <div property="rdf:subject" href=""/>
   <div property="rdf:predicate" resource="dc:author"/>
   <div property="rdf:object">Micah Dubinko</div>
</div>

    One way to ask about the meaning of these cases is to ask what the consuming application
      would do with them. In the former case, it's clear that the entity that controls the web page
      is asserting a statement of authorship, and that can be modeled as a triple. But in the latter
      case, absent additional statements-about-statements, it's not clear that the consuming
      application can do anything useful with the mere existence of an unasserted statement. That is
      to say, the latter case is less meaningful to the application.

    True, this sort of capital-R Reification has been long damned through disuse, for example
        Hellman09, but it's still serves an important role in discussion. The
      original designers of RDF had particular use cases in mind, and application developers should
      either repudiate those use cases themselves, or figure out how to actually implement
      them.

    Next, consider:
      
<FactSet likelihoodPercent="50">
   <meta name="author" content="Micah Dubinko"/>
…

    Can a consuming application consider this statement to have been asserted? Well, if you
      take the intent of the element and attribute names at face value, yes. By extension, the same
      document could have different FactSet elements each with different degrees of
      assertionness. Presumably the document head in the first example asserts at a full strength of
      100%, while the opposite
      extreme
<FactSet likelihoodPercent="0">
   <meta name="author" content="James Bond"/>

      outright asserts the falsehood of the given statement.

    Can this use case be discredited? Probably not. A great deal of ongoing thought has gone
      into representing conditional knowledge in triples, for example Fukushige05,
      but again, the solution here shown in turtle syntax, ends up looking an
      awful lot like capital-R Reification:
      
[a prob:Partition;
   prob:condition :cond0;
   prob:case
      [a prob:ProbabilisticStatement;
       prob:about :case1;
       prob:hasProbability :prob1],
      [a prob:ProbabilisticStatement;
       prob:about :case2;
       prob:hasProability :prob2].
].

    It turns out thehe real world is messy, and modeling that messiness as triples adds a huge
      amount of complexity.

    What does it mean for a fact to be embedded in an XML element? The short answer is 'pretty
      much anything'. A more nuanced answer has been discussed here before, for example Dombrowski10 and others.

    Bug or feature? Let's dig deeper.

  
  
    Asserting facts over time

    Another common set of use cases involves the represtation facts in time in triples.
      Consider something obvious, like

    :BarackObama :presidentOf :UnitedStatesOfAmerica .

    If a consuming application encountered this fact, say during a web crawl performed in
      2013, and found this statement embedded in a page as RDFa, few developers would question the
      truth of the asserted statement or their ability to do something useful with the fact as it
      stands. But what about this?

    :RonaldReagan :presidentOf :UnitedStatesOfAmerica .

    In this case, few developers would dispute the truth of that statement during the mid-80s,
      but asserting that fact in the same manner as the prior in is clearly problematic. This
      highlights a deficiency in the treatment of the first triple, and more broadly any such
      discovered statements. Facts change, and anything beyond the most simplistic models needs to
      reflect this. These include questions of the form "what was Martin's address on 1 Jul 1999"
      and "what did we think Martin's address was on 1 Jul 1999 when we sent him a bill on 12 Aug
      1999" as discussed in FowlerTime. In order to model reality, the facts of
      which change over time, a model needs to take into account various aspects of time. But the
      consequences of modeling to this level of detail are significant--in short, the simple
      examples above are insufficient. An average web-page-creator may be hard pressed to put
      well-formed temporal facts in their pages. A brief look at some proposals will show why this
      is the case:

    Gutierrez07 has this to say:

        There is a blank node connected to the components of the triple, in a sort of
          “temporal reification” scheme (using the vocabulary tsubj, tpred, and tobj). The remainder
          of the graph are statements about the timestamps at which the triple was valid. 

      

    Henson09 outlines a similar approach, though more ontology-driven.
      Here's enough to give the flavor of the approach: 

        Therefore, om-owl:TimeSeriesObservation inherits properties from both
          om-owl:Observation and om-owl:ObservationCollection

      

    Rodriguez09 offers yet another approach, extending both RDF and SPARQL.
      Timestamps can be embedded in subjects, predicates, objects, or some cases subject/object in
      the same statement. The query language is likewise extended, for example finding the most
      recent reading with a syntax reminiscent of XPath
      predicates:
SELECT ?temp ?s.t
WHERE {
   <urn:Chicago> <urn:hasSensor> ?s .
   ?s[LAST] <urn:hasValue> ?temp .
}

    Williams09 also outlines a similar approach with both anonymous named
      graphs and a SPARQL extension, using data in this
      form:
_:kanzaki a foaf:Person _:Always .
_:kanzaki whois:place "Tokyo, Japan" _:Interval1 .
_:kanzaki whois:place "Mie, Japan" _:Interval2 .
…
_:Interval1 a time:Interval .
_:Interval1 time:begins "1982" .
…
_:Interval2 a time:Interval .
_:Interval2 time:begins "1968" .
_:Interval2 time:ends "1978" .
and
      queries in this
      form
SELECT ?name WHERE {
   TIME [ time:inside "2007"^^xsd:dateTime ] {
      [ a foaf:Person;
        foaf:name ?name;
        whois:place "Tokyo, Japan" .
      ]
   }
}

    Note that as in the previous section, this solution makes use of a bnode identifer to name
      a graph.

    Is this a case of XML to the rescue? Possibly. Representation of time values, or ranges of
      time values, is already commonplace in XML application models. Embedding a triple in XML is a
      possible way out. This also supports a convenient query processing model as follows

        	
          restrict the universe of documents down to those representing a temporal range of
            interest, using a document-centric query language such as XQuery

        

        	
          then run SPARQL over the triples associated with the documents in step one

        

      

    But these are the simple cases. Temporal queries can get much more complicated. Take, for
      example, a query that expresses this: On Dec 31, 2012, what did the official records show that
      John Doe's address was? Facts change over time, but so do official records of facts. This is
      known as a bi-temporal query, and there's significant existing work in the RDBMS world on
      supporting this class of query. In general, the solution involves keeping track of multiple
      timestamps for each fact, one for when the fact was considered valid in the real world, and
      one for when our knowledge of the fact (official record) is in force.

    If one-dimensional time is complicated for casual users to express, say in RDFa, how much
      more so are these kinds of data and corresponding queries? One can imagine a proliferation of
      unnamed graphs, each containing two (or more) time axes, with a corresponding increase in
      necessary plumbing and query complexity. Isn't this the kind of thing that XML databases
      already excel at? Just because something can be done entirely with triples doesn't mean it's a
      good idea to do so.

  
  
    Trust, Security, and Provenance

    Returning to use cases, one often associated with semantic technologies is tracking the
      provenance of statements. Any given statement may have an arbitrarily complicated network of
      facts that contribute to the given statement. In some cases, certain statements may have
      different levels of access permissions depending on which user is accessing the
      database.

    For example, a financial services company needs to make legally-binding reports for
      regulatory purposes. Certain users need the ability to justify any published statement upon
      request, including which systems data flowed through on a particular date (even after said
      system change or no longer exist). Like the earlier, bi-temporal case, this can be
      accomplished by tracking more state at the level of named (or anonymous) graphs--which
      subsystems were involved in producing a fact (even if a certain subsystem no longer exists),
      which schemas were in force at the time (even if they no longer exist in the present), and so
      on. Such information may or may not be amenable to representation as triples.

    trustSPARQL
      [1]offers a partial approach to this. Again, the solution involves an extension to the
      SPARQL langauge and looks very similar to examples  the earlier
      sections:
PREFIX ub: <http://www.lehigh.edu/.../univ-bench.owl#>
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>
SELECT ?n ?c ?t
WHERE {
    { ?s rdf:type ub:Student .
      ?s ub:name ?n }
    { ?s ub:takesCourse ?c .
      TRUST AS ?t }
}

    In this example, the 'coefficient of trustworthiness' is stored for each triple and
      returned in a variable ?t. Different implemenations have partially solved this
      problem by extending the triple model to include quads, quints, hexes, and so on.

    Another form of metadata that can conceptually be applied at the triple level is security
      access, for example Access Control Lists, which would not be implemented as triples
      themselves, thus breaking the model of statements-about-statements. Much of the work done in
      this area is unlikely to ever be standardized.

    Security in particular has been more ofen implemented in document-oriented technologies
      than triple-oriented technologies, which begs the question of how to think about semantic
      modeling for applications.

  
  
    How to think about embedded RDF, and thereby named graph inference

    Previous sections have hinted at the possibility of explicitly modeling triples as
      statements contained within documents. This section makes it explicit and examines the
      consequences. What does it mean for a triple to be embedded in a document? Consider some
      possible interpretations, as they relate to application modeling:

        	
          Nothing at all. Documents are mere conveyences to be disposed of as quickly as
            possible. (This attitude is implied in the term 'semantic lifting')

        

        	
          If a document is in one or more collections (in the XQuery sense) consider embedded
            triples to be in equivalent named graphs where the collection name is the graph
            name.

        

        	
          Triples embedded in a document are considered to be in a named graph, where the
            document name is the graph name.

        

        	
          Like 3, but even more tightly-scoped. The particular element-scope of where the
            triple occurs is relevant, as seen in the introduction, where different triples embedded
            in the same document had different likelihoodPercent values.

        

      

    Other than the first interpretation, none of these are mutually exclusive.

    Named graphs, which seem at first conceptually simple, underly more power and complexity
      than might be readily apparent. For one thing, they have multiple associated URIs and/or
      points of access:

        	
          The URI that names the graph (which may not exist in cases of blank-node-identified
            graphs)

        

        	
          The URI that can be used to dereference the graph (for example, in the GraphStore the named graph URI is composed into a longer URI for purposes
            of dereference as a HTTP GET request.)

        

        	
          The means by which machine-readable conditions that apply to
            this graph can be extracted. As previously mentioned, these conditions may not be
            conveniently representable as triples.[2].

        

      

    What do we mean by conditions of a graph? It may be useful to borrow an older term, that
      of a conceptual graph as defined to inSowa76 . Perhaps the
      important thing about a named graph isn't that it is named (and increasingly, they are not)
      but what a statement within means to the people who use it or how it relates to the
        overall operations of a business enterprise, three common examples of which earlier
      sections of this paper has examined.

    Thus, we can define conditions as follows: a condition is an assumption that holds for an
      entire graph and applies to any statements within the graph. It fulfills much the same purpose
      as capital-R Reification, but instead of forming statements about single statements, addresses
      an entire graph. This includes whether or to what degree the facts are trustworthy, their time
      of validity either in the real-world or as recorded in an official record, any relevant facts
      about the provenance or history of coming to know these facts, and anything else deemed
      necessary by your application. Furthermore, we will call these graphs conceptual graphs to
      highlight their unique standing as opposed to regular named graphs. This definition is
      admittedly fuzzy, but that is a reflection of the fuzziness of the real world, something that
      XMLcomes closer to embracing than does RDF.

    Conceptual graph conditions can just as easily be encoded in XML as triples, and in many
      cases, XML is more convenient and straightfoward to process and query. If interpretations 3 or
      4 above are in force, an XML document that embeds triples can straightforwardly record the
      conditions that apply to those triples within.

    The meaning of inference in light of named graphs doesn't seem to be a solved issue[3] but thinking in terms of conditions might begin to point toward an answer. When
      statement C is logically inferred from statements A and B, a materialized statement C must end
      up as part of a graph that has conditions compatible with both of the graphs that A and B
      respectively reside in. In many cases this is a logical intersection, but given the broad
      definition of what can comprise a condition, it may need to be figured out on a case-by-case
      basis.

    For example, if statement A is deemed to be valid only in the years 2000-2010, and
      statement B is valid only in the years 2008-2013, you'd expect statement C to be valid only
      2008-2010 (and be treated as part of a conceptual graph that says as much). Other conditions
      including likelihood are potentially less straightforward. For example if statement A has a
      likelihood of 40% and statement B a likelihood of 50%, does the likelihood of statement C
      amount to prob(A) * prob(B) = 20% or would fuzzy set logic Zadeh65 be more
      applicable, in which case the answer is min(prob(A), prob(B)) = 40%? In many cases more
      complex Bayesian techniques would be required as part of inference.

    A further complication arises with intepretation 4 above, where element-level scope is
      significant. In these cases materialized triples from inference need to exist in a particular
      element scope, which may not exist outside of the inference. Does this imply that part of
      inference is to construct new conceptual graph conditions in the form of new documents?

  
  
    The Future

    Anything that can be modeled with purely triples can also be modeled in part or in whole
      in XML. And anything that can be modeled in XML can (with enough layers of abstraction) be
      modeled as triples, though perhaps not elegantly. Combining the two can play to the strenghts
      of each, and open the way toward elegantly solving interesting real-world problems.

    For example: Look through software reviews to see that on <Date> <SoftwarePackageX>
      was shown to work on OSX. From this infer
      
<SoftwarePackageX> :compatibleWith <OSX:ParticularVersion>
.

    But more mundane solutions should not be dismissed out of hand. I've seen many instances
      of this: Based on a set of trusted facts about <topic X> assemble (infer?) an XML document,
      which is made available to full-text search engines. Often times this goes beyond mere
      assembly, and includes some amount of rules-driven processing. In search applications,
      Infoboxes (assembled by mechanical rules) in search results could be considered an example of
      this.

    The real world is messy, and a formal models can only express this via additional
      complexity in themselves. Purists and partisans for a particular technology don't do well on
      the forward-deployed frontlines of technology. Perhaps a mixed approach, leveraging different
      technologies in their respective sweet spots isn't such a bad starting point for thinking
      about the relationship between an application and the facts is makes use of.

    To conclude, a call to action: Every time you see a paper or proposal for some complicated
      extension to the RDF data model and possibly the SPARQL language, think back to the opening
      line of this paper, and ponder whether a lightbulb is actually the right solution.
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Notes
Commonly called tSPARQL, though I refer to it by a longer moniker in order to
          distinguish it from Williams09, which also is commonly called
          tSPARQL.

      
View note in Notes section
This is an important distinction, as it can greatly complicate matters, for
                example in a bi-temporal update when you mark certain records as obsolete (by adding
                a effective end-date to the record) you raise the spectre of identity of blank-node
                issues in the course of the update.

            
View note in Notes section
For example:
            http://answers.semanticweb.com/questions/1315/the-semantics-of-named-graphs

      
View note in Notes section

	[1]Commonly called tSPARQL, though I refer to it by a longer moniker in order to
          distinguish it from Williams09, which also is commonly called
          tSPARQL.

      

	[2]This is an important distinction, as it can greatly complicate matters, for
                example in a bi-temporal update when you mark certain records as obsolete (by adding
                a effective end-date to the record) you raise the spectre of identity of blank-node
                issues in the course of the update.

            

	[3]For example:
            http://answers.semanticweb.com/questions/1315/the-semantics-of-named-graphs
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      Abstract
The learning curve for non-markup-expert authors to start
	writing and editing structured documents in XML is steep, and
	there are some specific barriers to the acceptance of editor
	interfaces (Flynn2006). In exploring
	the reasons behind these barriers, we identified some changes
	that could be made to common interfaces to improve
	acceptability (Flynn2009).

      This paper presents the results of usability tests on the
	modifications, and suggests how some aspects of structured
	editing software could be adapted to extend their use into
	additional areas and markets.
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    Writers just wanna write

    The initial impetus for this research grew out of a facile
      observation many years ago that an author had to learn SGML in
      order to use an SGML editor.

    This is a necessary requirement in many fields where the
      content is complex: for example encoding literary or historical
      documents in TEI, or writing computer systems documentation in
      DocBook. The author needs to understand what markup is available
      so that it can be used to describe the finely-detailed features
      accurately, but the naming and function of the markup is not
      always entirely obvious (Reid1980,
      Joloboff1989).
 
    By contrast, to submit a paper to a conference, an article
      to a journal, or a book to a publisher, the conventional author
      uses a wordprocessor, or another standard like LaTeX. It is
      the author's responsibility to adhere to the sometimes arcane or
      inconsistent formatting instructions provided by the publisher,
      even when assisted by the publisher's style template.

    Publishers have traditionally mistrusted authors who do
      their own formatting, even when using the publishers'
      specifications to provide final-format copy. Authors, for their
      part, are always encountering new reasons why
      their article, book, or paper has to be
      formatted differently. Where a stylesheet is provided, abusing
      or ignoring the styles is common, because it is sometimes the
      only way to get the formatting the author believes necessary,
      because they feel they should be in charge of the formatting
      (Piez2007, Ebel2005). In
      many cases the solution is for the production team to remove all
      the author's formatting and send the document to a typesetter to
      have the house style applied.

    In wordprocessors, structure is largely non-existent in the
      markup, and only interpretable by human eyes through the
      formatting. Synchronous typographic (ST) editing (usually, if
      inaccurately, called WYSIWYG) has been the standard interface
      for some decades, but it hides the markup boundaries so
      effectively that accurate editing is sometimes
      impossible.[1] In XML and LaTeX editors, the adoption of ST
      editing was slower although it is now widespread.

    Unless there has been some extensive (and expensive)
      customization, conventional use of a structured-document editor
      usually means learning the language, the specific markup
      required for the domain, and the logic or business rules that
      accompany it. Much of this is far beyond the comfort zone of
      those writers who have no exposure to markup but nevertheless
      still have cause to write a document under the constraint of
      producing a specific (structured) file format.

    The objective of this research was to see how much of the
      cognitive, perceptual, and technical burden of creating a
      formally-structured document might be relieved by changing some
      of the ways in which the interface works.

    In earlier work we found that most writers simply want to
      write in what they perceive to be the easiest way
      (ST), adding what formatting they deem appropriate, without ever
      seeing a pointy bracket or a backslash, and without having to
      come to terms with the language of trees and graph theory,
      predicate logic, or document engineering (Flynn2009). While this desire was generally
      acknowledged by experts, it was felt possibly to be one of the
      reasons for the failure of XML and LaTeX to be adopted as
      general authoring formats outside their related technical
      fields.[2]

    
      Who writes what

      The target population for this study was those writers who
	are required to write (or who wish to write) documents
	adhering to a well-defined structure, but whose professional
	area of expertise is not in computing
	science, markup, editing, typesetting, or technical
	documentation, where advanced knowledge of markup technology
	is more commonplace. There are three key features to the
	activity of this population:

      
		
	  it is very diverse: it includes people in the private
	    sector, public sector, NGOS, research, and
	    academia;

	

		
	  its members are writing or editing to a known
	    structure (articles, books, reports, white papers, web
	    pages, and similar documents) defined by their field or
	    industry or organization;

	

		
	  the documents themselves are intended or expected to
	    become a part of the permanent record; or to require
	    access to the structure for the purposes of re-use.

	

      

      Structured documents tend not to be created for ephemeral,
	transient, or inconsequential use. This means that structured
	document file formats tend to have a high degree of
	durability, system-independence, reusability, and freedom from
	exogenous or arbitrary change. XML and LaTeX supplied the
	use cases in this study.

      Structure for this purpose means a
	hierarchy of enclosures whose implicit or explicit content is
	a selection of repeatable objects holding text and other
	text-bearing containers, whose identity and existence is
	programmatically enforceable or verifiable. XML and LaTeX
	were therefore candidates; wordprocessor and DTP formats were
	generally not, except when they use named styles in a rigorous
	manner which identifes their content.

    
    
      What they write with

      In the survey of existing markup systems users reported
	earlier (Flynn2009), we identified that the
	editors most respondents had experience of were oXygen (24%)
	followed by Word with styles (13%). LaTeX editors accounted
	for another 12%, and the Arbortext editor rated 6% along with
	OpenOffice. Emacs (11%) and vi (7%) were also reported, but
	the number of other editors was very large and diverse.

      [image: User Survey: Markup types used]
	  
	
Figure 1.User Survey: Markup types used
      Outside the markup field, the much-publicized figure of
	500M people using Word appears to have no
	verifiable basis: the source most often cited for this (Schulz2009) just claims roughly half a
	  billion people use Office. However, observation
	would suggest that the penetration of Word is nevertheless
	extremely high, possibly close to 100% in tightly-governed
	environments, but more from organisational imperatives than
	from end-user choice. There are also many areas where there
	are legacy alternatives (eg Lotus, WordPerfect), or where
	open-source or free-to-use competition is accessible
	(OpenOffice, Libre Office, Google Docs). Recent, public,
	independently-verifiable global figures do not appear to be
	available from conventional sources (eg UN), although there
	are claims that many organizations use Word out of habit,
	familiarity, or legacy investment (McLeish2008). We therefore made the assumption
	that users of systems other than XML and LaTeX will be
	acquainted with Word or something very similar.

    
  
  
    What can we change?

    The earlier research also identified over 20 specific
      functions or tasks which the authors and editors surveyed found
      hard to use, misleading to identify, difficult to find, or
      non-functional in the structured editing systems they had used.
      A few of these (eg equation formatting) were outside the scope
      of the research; some were not specifically markup issues
      (opening and closing files, for example); and some were
      concerned with exogenous requirements (eg Unicode).

    From these functions or tasks, six categories of direct
      concern were identified. Analysis showed that in many cases,
      users expected a specific behavior which not all editors
      provided, or the expected behavior required markup-related
      information that was not seen as relevant. The expectations were
      summarised in XML and XPath terminology for comparability, and
      are shown in an abbreviated form in Figure 2, “Categories of interface action identified, with desired behavior”. Two
      supporting technologies were identified: Smart Insertion (SI)
      and Target Markup Adoption (TMA): see Additional mechanisms. Some editors already implement some of the
      actions listed here.

    
	
	  	Keyboard controls

	  	
	    For the first three, detect multiple successive
	      keypresses and enter the appropriate formatting
	      dialog.

	    
	      	
		Enter: create a new instance of the closest
		  repeatable ancestor-or-self element type in element
		  content; if this is impossible, or in the case of an
		  immediate second Enter keypress, annul the action
		  and re-try at the next higher level in the
		  hierarchy.

		(At this point the behaviour requires definition
		  for each document type: only in a wordprocessor with
		  a flat data model can the candidate for a new object
		  always be a paragraph type.)

	      

	      	
		TAB: valid only for cell-to-cell movement in
		  tables; otherwise a dead key.

	      

	      	
		Space: must not auto-repeat (meaningless in
		  normal documents).

	      

	      	
		Backspace/Delete (leftwards erase and rightwards
		  erase): erase character data including the content
		  of sibling elements traversed in mixed content, and
		  removing their markup when emptied. When
		  encountering a boundary with element content,
		  continue to erase content in the sibling or parent
		  element, removing emptied elements where permitted
		  by the grammar.

	      

	    

	  

	

	
	  	Documents and metadata

	  	
	    
	      	
		New Document: present skeleton instances of all
		  supported document types (classes), offering access
		  to user-provided types with a dialog for the
		  creation of initial styling (the Arbortext Architect
		  dialog, for example).

	      

	      	
		Metadata: require compulsory metadata before
		  continuing.

	      

	    

	  

	

	
	  	Insertions

	  	
	    (Requires the use of SI and TMA.)

	    
	      	
		Insert: replace with the term New
		  for adding new elements in element content, as the
		  concept of insertion into a document tree is foreign
		  to most writers; insertion into mixed content,
		  however, is understood.

	      

	      	
		From external documents: use structural logic
		  (eg XPath) to identify elements in a dialog and copy
		  them to the current location (avoid having to open
		  the external document in a window and navigate to
		  the target to perform a copy-and-paste).

	      

	    

	  

	

	
	  	Formatting controls

	  	
	    
	      	
		Font style buttons: where possible, allow B, I,
		  and U (and S) to drop down a menu of the relevant
		  meanings (usages) that achieve the formatting goal
		  and capture the meaning in markup (eg the eight [now
		  ten] reasons for italics identified in Flynn2002).

	      

	      	
		Formatting: apply changes to margins, spacing,
		  indentation, etc by invoking a stylesheet dialog
		  with selection of the current element type or all
		  instances of the same element type.

	      

	    

	  

	

	
	  	Moving blocks

	  	
	    (Requires the use of SI and TMA.)

	    
	      	
		Block moves: allow function to mark start-point
		  from which scroll and search can be used to locate
		  the end-point without the need to hold keys
		  down.

	      

	      	
		The use of tree-based navigation panes was
		regarded as too complex, and required too much
		foreknowledge.

	      

	    

	  

	

	
	  	References

	  	
	    
	      	
		Cross-references: use a map (pane, list) of
		  existing structure to identify the target and
		  obviate the need for manual ID/IDREF values. For
		  targets not represented in the structure, use the
		  mark-and-move mechanism (as for block moves) to
		  preserve the point of reference while marking the
		  target.

	      

	      	
		Bibliographic references: use robust import or
		  dynamic reference from common reference database formats
		  via dialog or drag-and-drop. Citation may operate in
		  the same way as for cross-references.

	      

	    

	  

	

      

    
Figure 2.Categories of interface action identified, with desired
	behavior
    
      How can we change it?

      In addition to the actions listed in Figure 2, “Categories of interface action identified, with desired behavior”, the survey identified specific
	requirements for actions not found in all editors, for example
	the joining and splitting of adjacent elements of the same
	type. With these additions, and the subsuming of
	keyboard-character usage into actions that were detected
	during a test (as opposed to being testable items themselves),
	a list of 12 tests was devised (see Testing).

      The requirements and expectations were compared with the
	list of editor functions reported in earlier work (Flynn2006), and a solution for each in interface
	terms devised. As these were model or outline solutions for
	testing, it was recognized that implementation in an editor
	would require adherence to the features and functions
	available.

    
    
      Additional mechanisms

      In order to express (and therefore test) the required
	changes, we identified two mechanisms which needed
	formalizing. Both have existed for some time in a few systems,
	but as far as is known, neither has been widely adopted. It
	should be borne in mind that these mechanisms, or their
	equivalent, are important when a writer cannot see any
	markup.

      Some of the actions described require that the cursor
	position at an element boundary (start-tag, end-tag) dictate
	that tests for validity may be required both for a position
	inside and outside the boundary.

      
	
	  	Smart Insertion (SI)

	  	
	    When a whole element or sequence of elements has
	      been cut or copied from elsewhere in the same
		document or another one of the same type,
	      pasting must be possible even when the target location
	      does not allow the fragment element types.

	    This is based on the principle of operating in an
	      environment where markup is not displayed, where
	      rejection of a paste action is not acceptable unless it
	      occurs at the boundaries of reason. Only when no
	      solution can be identified should the user be informed
	      that the material cannot be pasted at the target
	      location, a suitable explanation provided, and pasting
	      into the user's choice of possible elements allowed.

	    To achieve this, the containing element type[s] of
	      the fragment must be changed to one which is permitted
	      at the target location, including the validity of any
	      sub-element markup.

	    Any algorithm to implement SI must take into account
	      the possible changes to the containing element type as
	      well as to the changes in location described below. This
	      must include the possibility of demoting or promoting
	      the clipboard container element type in the hierarchy,
	      especially when the target location is within such a
	      hierarchy (eg section/subsection/subsubsection,
	      etc).

	    Where no such element type can be identified, the
	      test is repeated, starting with the original cut or
	      copied element types, on successive axes from the target
	      location, until a match is found, or a barrier reached
	      (eg the root element on the way up, or character data on
	      the way down). If a match is found, any required
	      containing elements are created to preserve validity,
	      and the user informed.

	  

	

	
	  	Target Markup Adoption (TMA)

	  	
	    When pasting a fragment from another
		document of a different type into mixed
	      content, any containing element type from element
	      content is first removed, so that the pasted material is
	      all mixed content.

	    If the target location is inside an element which
	      does not permit subelements, and subelements are present
	      in the clipboard material, the target location must be
	      moved to a point where pasting subelements is
	      permitted, or the nested markup must be removed and the
	      exposed character data merged with the preceding and
	      following text nodes.

	    Where there is a mismatch between the subelements
	      and the element types available in the target mixed
	      content, a table of equivalences or some derived
	      heuristics must be used (eg em in HTML to
	      equate with emphasis in DocBook,
	      hi in TEI, or \emph in
	      LaTeX).

	    All font-related markup, where identifiable, is
	      stripped from the clipboard, except Bold, Italic,
	      Underline, and Strikeout, and the resulting sequence
	      normalized before pasting.

	  

	

      

    
    
      Testing

      For reasons of practicality, it had already been
	determined that writing an entirely new editor in full, just
	to test a dozen interface items, was not feasible. Two editor
	manufacturers did very generously offer a copy of their
	(completely undocumented) monolithic source code for
	experimental purposes, but these were declined with regrets as
	involving work beyond the time limits available. After
	examining the several usability testing methodologies
	available, the decision was made to use Paper Prototyping
	(Snyder2003), as this provided the levels of
	control required, with the ability to conduct the tests
	without committing to a specific operating environment, or
	predicating a specific editor.

      Screenshots were prepared of the 12 test scenarios
	developed from the foregoing list in the form of a simple
	editing task to be completed (eg Highlight this word
	  because it's a product name). A panel of testers was
	recruited from local institutions, following the requirements
	listed in the Who writes what where possible. A
	web-based questionnaire was used to gather information on
	their work area, background, and professional experience in
	order to eliminate those who fell outside the specifications,
	resulting in 20 testers being asked to participate.

      Testing was carried out in the Usability Testing
	Laboratory of the Human Factors Research Group (HFRG) in the
	School of Applied Psychology at University College
	Cork, during June and July 2013.

      The test harness (some 200 generated screenshots with a
	script and protocol) was piloted both with colleagues in the
	HFRG experienced in usability testing, as well as with users
	from outside the institution who fitted the target user
	profile. Some logic choices, phrases and expressions, and
	changes to the rubrics were implemented as a result. The base
	screen used is shown in Figure 3, “Base screen showing generated interface”.

      [image: Base screen showing generated interface]
	  
	
Figure 3.Base screen showing generated interface
      The additions and changes in the interface are:

      
		
	  a New menu item and toolbar button for adding new
	    structural elements

	

		
	  a specific New-Doc toolbar button

	

		
	  an Outline toolbar button for access to the document
	    structure for navigation

	

		
	  a Mark toolbar button for recursively selecting the
	    current container

	

		
	  Crossref and Cite toolbar buttons

	

		
	  an additional List type toolbar button for description
	    lists

	

      

      Each tester was given time to study the interface
	screenshot before starting, and the additional buttons and
	menu items were explained. They were then presented with the
	12 tests in sequence, and their clicks or keystrokes were
	recorded on paper for later analysis. After testing there was
	the opportunity to discuss the interface, and to identify if
	the tester felt that it was more or less efficient than their
	current system.

      A sample screenshot is shown in Figure 4, “Paper-prototyping screenshot showing drop-down I button menu”. This shows the drop-down menu from clicking
      the I button.

      [image: Paper-prototyping screenshot showing drop-down I button menu]
	  
	
Figure 4.Paper-prototyping screenshot showing
	drop-down I button menu
      The 12 tasks were:

      
		
	  Create a new document (a journal article)

	

		
	  Add a new paragraph after the current one

	

		
	  Split a paragraph into two

	

		
	  Join a paragraph to the preceding one

	

		
	  Join a paragraph to the following one

	

		
	  Add a new section to the article

	

		
	  Add a new (numbered) list

	

		
	  Move a block of text from one place to another

	

		
	  Highlight a product name (in italics)

	

		
	  Add a cross-reference to another section

	

		
	  Insert a citation and reference to a source

	

		
	  Insert a fragment from another document

	

      

      A set of keystroke/mouseclick patterns was constructed for
	comparison with the testers' solutions, consisting of a
	sequence of mnemonics for the existing (traditional) ways of
	doing the tasks, and the new ways envisaged using the new
	affordances (buttons/menus).

      
	  
	    	Add new list (task 7, rank 1, new method)

	    	
	      numlistbut

	    

	  

	  
	    	Move a block of text (task 8, rank 7, old method)

	    	
	      cursor,hilite,cut,cursor,paste

	    

	  

	  
	    	Add new section (task 6, rank 5, old method)

	    	
	      cursor,newbut,section

	    

	  

	

      
Figure 5.Pattern examples
      Some of these (especially the list buttons) involved a
      change in behaviour which was explained before the test. The
	List buttons add a new list at the first
      available point after the cursor; they only make the current
      paragraph into a list item if the paragraph was selected.

    
  
  
    Results

    All testers completed all the tasks successfully, with one
      minor exception, although there were numerous divergences from
      the expected patterns en route. There were
      two principal axes of measurement:

    
      	
	how much use the testers made of the new functions in
	  the interface; this was measured by a pattern rank value and
	  an affordance class (old, new, or hybrid) for the pattern
	  eventually followed in each task (Figure 6, “Number of testers by task showing affordance class”);

      

      	
	how much they diverged from the expected patterns;
	  this was measured by the number of unexpected steps
	  along the way to completing a task.

      

    

    
      Using the affordances

      The responses fell into two groups: those tasks solved by
	a preponderance of old or new methods, and those solved by a
	much wider mix.

      [image: Number of testers by task showing affordance class]
	  
	
Figure 6.Number of testers by task showing affordance
	  class
      
		
	  Three of the twelve tasks (create new document, insert
	    cross-reference, and insert citation) were solved almost
	    entirely using the new affordances; two more were solved
	    using a hybrid approach (highlight product and insert
	    fragment); and two were solved entirely using the
	    traditional method (both join paragraph tests);

	

		
	  The remaining five showed an unrelated mix of old and
	    new methods, showing a wide variety of approaches by the
	    testers, although in two (adding new section and adding
	    list), 12 out of 21 testers used the new
	    affordances;

	

      

      A preference for editing methods using existing, known,
	keystrokes or mouseclicks appears to be strong in the longest
	and most complex task (moving a block of text), and in the
	least understood task (splitting a paragraph: some testers had
	to ask what this meant).

      Question 8 (highlighting in italics) has also been
	successfully tested independently by a project in the
	Netherlands examining a related but different aspect of text
	editing (Geers2010).

    
    
      Divergences from the expected patterns

      Thirty-five out of the 252 task solutions (12×21) included
	dvergences from the expected patterns: keystrokes or
	mouseclicks which were out of sequence, exploratory,
	unintended, or otherwise abnormal.

      An outlier was eight divergent steps to solve Task 12
	(Insert a fragment of another document) using
	the traditional steps of opening the external document,
	finding, marking, and copying the required text, closing the
	document, and pasting the text into position. This was an
	extreme case, and perhaps indicates that the anecdotal
	perception of user reluctance to adopt new methods may not be
	entirely correct.

      [image: Total number of occasions of divergence by test]
	  
	
Figure 7.Total number of occasions of divergence by test
      A measure of divergence was taken by by multiplying the
	number of divergences by the number of testers who diverged (a
	form of weighting) as shown by Figure 7, “Total number of occasions of divergence by test”.

      Three tasks (create document, highlight product, and
	insert citation) were completed with no divergences at all,
	and five more (add paragraph, join paragraph [both], insert
	cross-reference, and insert document fragment) with only one
	or two.

      The greater numbers of divergences were in task for which
	there are traditionally several different ways of achieving
	them, all equally valid. This may indicate that not all users
	stick to a single, canonical way of performing a task:

      
		
	  #3, Split paragraph; as noted earlier, some
	    uncertainty clearly existed in the testers' mental model
	    of a paragraph. In all these cases except the last, the
	    first move (position the cursor) was correct, but three of
	    them (four if we include the last) then exercised the New
	    menu or button, believing the task to require the
	    introduction of a new paragraph. It is not known if this
	    is due to a fault in the rubric, although as the majority
	    of testers succeeded with no problem, this is regarded as
	    unlikely.

	

		
	  #6, Add new section; these are minor, as they are
	    almost all the introduction of [unnecessary] vertical
	    white-space before finally using the new affordances to
	    add the new section.

	

		
	  #7, Add new list; as with test 3 above, the initial
	    cursor movement was unexceptional (although unnecessary),
	    but as with test 6, the extra white-space reveals the
	    inheritance of the wordprocessor model, where the list
	    buttons operate on the current paragraph.

	

		
	  #8, Move text; these were slightly more varied
	    divergences: some do indeed use the same model as above
	    (of adding white-space, in this case before pasting), but
	    they included an experimental excursion into
	    vi keystroke (shortcut) mode,
	    and a use of the Find function to
	    locate the end of the required section.

	

      

      None of these would appear to affect the thesis that the
	new affordances provide an alternative means to completing the
	tasks, but they do perhaps reveal the change of mind-set
	required for efficient use of a structured editor. In
	discussion, several testers said they were unaware that an
	editing interface could do so much; that is,
	automate so much of the task as this one implies.

    
    
      Comment and discussion

      Three questions were asked after each test session was
	completed:

      
		
	  How obvious was it what to click on?

	

		
	  Did you feel it needed more or fewer clicks than your
	    current system?

	

		
	  Do you feel that the program is doing it
	      right (that is, as you would
	      expect)?

	

      

      These were not intended as formal survey questions, but
	more designed to elicit a conversational response, although
	time was limited as sessions were targeted at 45 minutes, and
	30 of those were nominally assigned to the tests. They do
	nevertheless contribute an indication of potential user
	satisfaction, which is overall positive.

      
	
	  	Obviousness

	  	
	    Eight testers felt the interface was
	      very obvious to use; 13 rated it
	      mostly obvious.

	  

	

	
	  	More or fewer clicks?

	  	
	    12 testers thought such an interface would take
	      fewer clicks than their current system (mainly
	      Word); six thought it would
	      take about the same number or not more;
	      one declined to answer; one thought it would be more,
	      but the interface was good; and one would
	      only say it was acceptable.

	  

	

	
	  	Does it right?

	  	
	    18 felt the interface did it right;
	      one declined to answer; one said mostly;
	      and one just thought it was easier.

	  

	

      

      The overall impression was of slight surprise that there
	even existed ways different from Word of doing everyday
	editing and writing tasks.

      The additional comments made in answer to the questions
	indicate that some aspects of the interface as tested would
	need revising, or that a different way of expressing the
	intent (the affordance) should be investigated:

      
		
	  the term document fragment was a poor
	    choice, as it uses a term not commonly
	    understood. Paragraph or (in the
	    context), signature block would have been
	    better, even though the concept being tested was actually
	    generalisable to other element types.

	

		
	  the distinction between New (additional structural
	  material) and Insert (new material inside existing text
	  within a paragraph) was imperfectly understood. Despite the
	  extensive misunderstandings created by the application of
	  the term in the concept of document trees, perhaps it is
	  already too well-entrenched to change.

	

		
	  the idea is interesting that more clicks would even be
	    acceptable if the resulting document quality is improved
	    or the reason for the clicks is made clear.

	

		
	  the breadcrumb should have been clickable.

	

      

    
    
      Conclusions

      We conclude that changes along these lines are likely to
	contribute to making a structured-document editor more usable
	by the target population.

      In addition, a number of unexplored techniques were
	identified which could contribute to lower user frustration,
	among them Target Markup Adoption and Smart Insertion.

      The benefits likely to accrue from these changes are
	greater user satisfaction and less training, leading to
	increased productivity and greater accuracy in document
	construction.

      We did not directly test whether these benefits would lead
	to lower costs within an organisation, as there are many other
	factors which affect this, including the organisational change
	which may be required to move to a new system. However, as
	several of them have recently been implemented in interfaces,
	including Word and Xopus, there appears to be a willingness
	among manufacturers as well as users to use them.
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Notes
One editor, compiling chapters from different authors,
	  unwittingly pasted all but the first chapter into the final
	  footnote of the first chapter, because the cursor appeared
	  to be at the end of the chapter, and OpenOffice permitted
	  the footnote to hold eleven chapters' worth of text!

      
View note in Notes section
Although both Word and OpenOffice/Libre Office now XML
	  as a file storage format to represent the (unstructured)
	  content of documents, we are concerned here with the use of
	  semantic markup.

      
View note in Notes section

	[1]One editor, compiling chapters from different authors,
	  unwittingly pasted all but the first chapter into the final
	  footnote of the first chapter, because the cursor appeared
	  to be at the end of the chapter, and OpenOffice permitted
	  the footnote to hold eleven chapters' worth of text!

      

	[2]Although both Word and OpenOffice/Libre Office now XML
	  as a file storage format to represent the (unstructured)
	  content of documents, we are concerned here with the use of
	  semantic markup.
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      Abstract
This paper presents an experiment in using DocBook5 to
	mark up and maintain LaTeX classes and packages in the
	literate-programming style, using XSLT2 to generate the
	standard format of distribution files suitable for the CTAN
	repository. It identifies several benefits in automation and
	reusability of code; a number of areas where a customisation
	layer for DocBook would be useful; and a few unresolved
	restrictions that package and class authors or maintainers
	would need to be aware of when editing XML.

    
    Article copyright © 2013 by Silmaril Consultants.
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    Background

    The LaTeX document preparation system provides a framework
      of commands (markup) for the TeX typesetting program, designed
      to shield the writer from the need to know the internal
      programming required to format a document (Lamport1986, Lamport1994). It has been in widespread use in
      scientific, technical, and academic publishing since 1986, and
      more recently has experienced growth in the Humanities and in
      general publishing (Boggio2006, Ubuntu2012).

    LaTeX relies for its extensibility on a library of over
      4,000 style packages and document classes, which provide additional
      markup functionality, layouts, typography, and variant behaviour. The
      ltxdoc document class supplies features for maintaining
      these packages and classes in a literate programming style using
      interleaved code and annotation with end-user documentation in a
      single-file wrapper. The syntax to achieve this, however, is
      complex, as documentation must be shielded from interpretation
      as code, and vice versa.
 
    
      Packages and Classes

      A document class is a collection of macros
	providing both formatting and markup for a specific class of
	documents, such as the articles for a particular journal, the
	books by a particular publisher, the theses for a particular
	university, or any of over 400 other types of document. It is
	broadly equivalent to a DTD or Schema, although without
	prescription, and with formatting specifications embedded. The default
	document classes (report, book, article, and letter) are
	stylistically minimalist but provide sufficient markup for
	draft purposes.

      A style package is a collection of macros
	providing a specific variant on formatting, such as hyperlinks
	in a PDF, the styling of footnotes or references, the use of
	additional typefaces, or any of over 3,600 other typographic
	or markup possibilities. There is no direct equivalent in the
	XML field, but a package can be regarded as broadly equivalent
	to a CSS or XSLT2 fragment, implementing a particular
	formatting requirement.

      Document classes and packages are typically distributed as
	DocTeX (.dtx) files, which contain the LaTeX
	code implementing the features, interleaved with annotation
	in a literate programming manner, plus user documentation
	about how to use the additional markup provided (Carlisle2007). An installer (.ins)
	file uses LaTeX to extract the code as a class
	(.cls) or style package (.sty) file
	from the .dtx file, and LaTeX can then be run
	on the .dtx file directly to produce both user
	documentation and code annotation.[1]

      This method has proved a very reliable and
	compact means of distribution, but at the cost of some
	additional complexity in the construction of the master
	.dtx file:

      
		
	  documentation and annotation must be armored against
	    extraction as code by prefixing each line with
	    percent-space (%␣);

	

		
	  macro code must be identified for extraction by
	    prefixing the \begin and \end
	    commands (equivalent to start and end tags) with percent
	    and exactly four spaces (%␣␣␣␣);

	

		
	  the regular comment character (%) must 
	    therefore be treated specially in some circumstances (doubled
	    or tripled);

	

		
	  there are special tags (in pointy brackets!) like
	    %<*driver> and
	    %</driver> to identify certain
	    sections or lines of the file that need extracting or
	    ignoring in certain circumstances.

	

      

      Against this must be set the advantages of robustness once
	constructed; the availability of all LaTeX facilities for
	writing and formatting the documentation; some added
	document-management features (version control,
	change-recording, checksumming, indexing of commands used in
	the code, etc), and the extensive supporting documentation
	(LaTeX2006, Mittelbach2004,
	Lehmann2011).

    
    
      Automation requirement

      In 2005, I undertook to create a new thesis document class
	in my university which would implement stricter controls on
	the content and sequence of front matter (title page, legal,
	table of contents, declaration of originality, etc), and
	particularly on the naming and identity of schools,
	departments and research centers, and the bibliographic
	reference format used by each. Many users had become
	accustomed to designing their own title page, and to the
	re-wording of the names of their unit to suit their own
	perceptions or requirements. In some cases this involved
	inventing entirely new department names or descriptions of
	their degrees, which conflicted with the university's
	statutory requirements. While the new class would initially
	only affect the title page and preliminaries of a thesis, this
	is exactly where the Library catalog staff look for the
	metadata (in the case of electronic submissions, the PDF
	metadata is also required to provide the same
	information).

      The data on course names and codes, the abbreviations and
	full titles of degrees, and the official names of departments
	and centers were all available from the institutional
	database, but were subject to annual change, as there were
	complex and overlapping administrative and pedagogical
	requirements to be satisfied. This data needed to be converted
	to the parameter syntax used by LaTeX on an ongoing basis to
	make it usable as selectable options by users, so a more
	robust and programmatic solution was needed to automate the
	process. The data was already available in a consistent XML
	format, so XML and XSLT2 were obvious candidates for the task.
	As a long-time user of XML for documentation, I felt it would
	be an advantage from the maintenance point of view to use the
	same syntax and method for writing the documentation, and this
	led to the experiment in using DocBook and generating the
	.dtx file with XSLT2.

      Beyond the title page and the settings for margins and
	type size, the remainder of a student's thesis document would
	be largely unaffected, as LaTeX's report
	document class and existing packages already provided all the
	facilities needed. However, it had become clear from local
	LaTeX training sessions that some requirements of thesis
	writing would benefit from more automation, and that better
	use could be made of the layout specifications, which were,
	and remain, relatively lax (Flynn2012), so
	the decision was taken to experiment with using DocBook for
	the whole project.

    
  
  
    Implementation

    The use of XSLT2 to generate XML from XML is standard
      practice, and its use to generate LaTeX from XML is also
      well-established. However, in this case, the resulting LaTeX
      (.dtx) was going to be used to generate more
      LaTeX code (the .cls document), which itself
      would generate ancillary LaTeX files (Table of Contents,
      Index, etc) as well as the student's thesis final PDF.

    
      Metadata

      A .dtx file is made up of a number of
      well-defined sections:

      
		
	  an initialization block;

	

		
	  the LaTeX Preamble for the documentation;

	

		
	  a character checksum table;

	

		
	  a change history;

	

		
	  an indexing control block;

	

		
	  the user documentation;

	

		
	  the annotated code;

	

		
	  any ancillary files to be distributed with the class
	  or package.

	

      

      The design of a DocBook document does not of course align
	directly with this, but there is provision in one form or
	another for most of it, and XSLT2 can easily vary the order of
	processing. The initial metadata (mostly effectivities) is
	stored in the book root element start-tag:

      
<book xml:id="uccthesis" version="1" revision="03" xml:lang="en"
  xml:base="ucc" remap="a4paper,12pt" arch="class" audience="lppl"
  condition="2009/09/24" conformance="LaTeX2e" os="all"
  security="2070" userlevel="cls" vendor="UCC" status="beta">

      
		
	  The xml:base specifies the ultimate
	  destination directory within TeX's installation tree;

	

		
	  The remap attribute is [ab]used to hold 
	    document-class options for LaTeX so that the target
	    document format can be switched between US Letter and ISO
	    A4, and the base font size changed.

	

		
	  The audience attribute is used to select
	    a boilerplate license document (here, the LaTeX Project
	    Public License).

	

		
	  The security attribute holds a checksum
	    which is validated during LaTeX processing, and which
	    must be updated after changes to the code (or set to 0 to
	    disable it).

	

		
	  The conformance and
	    condition attributes hold the version and
	    date of LaTeX required.

	

      

      The info/cover element type was used to hold
	the document management data, principally the metadata, the
	lists of packages required by both the documentation and the
	class or package file itself; a file list for the manifest;
	and any setup commands for the documentation. The title,
	author, contact details, Abstract/Summary, and revision
	history are in the info container in the
	conventional manner.

      Working from the DocTeX and ltxdoc
	specifications, with existing classes as examples, it was then
	possible to construct the .dtx initialization
	block as a literal result template, using the ID and
	version values from the book element's
	attributes. The preliminary LaTeX comments and the ‘driver’
	block are shielded from processing by a conditional which
	always evaluates to false:

      
% \iffalse meta-comment
%
% Extracted from uccthesis.xml
[...licensing and descriptive comment...]
% \fi
% \iffalse
%<*driver>
\ProvidesFile{uccthesis.dtx}
%</driver>
%<class>\NeedsTeXFormat{LaTeX2e}[2009/09/24]
%<class>\ProvidesClass{uccthesis}[2012/12/18 v1.03 Typesetting a UCC thesis with LaTeX]
...
% \fi

    
    
      Annotated code

      The annotated code is stored in chapter
	elements in a part element with an ID of
	code. These can be subdivided into sections and
	subsections according to the modularity and complexity of the
	code. The annotations get output as part of the formatted
	documentation: the code gets extracted to the class or package
	file. The ltxdoc package uses LaTeX
	\sections as its top level, so a DocBook chapter
	is mapped in the XSLT to a LaTeX section, a
	sect1 to a \subsection and so
	on.

      
	Options

	The .dtx format requires any user-selectable
	  options for the class or package to be declared and activated
	  before any requisite style or utility
	  packages are loaded, so the first chapter would typically
	  contain the option code.

	The large number of special-purpose definitions needed
	  for the departmental controls in the UCC Thesis class were
	  stored in methodsynopsis elements in external
	  file entities per Faculty. This is probably the most blatant
	  piece of tag abuse, but the structure seemed to offer an
	  acceptable way to store the data transformed from the
	  administrative system's export format:

	
<methodsynopsis xml:id="physio" arch="med">
  <methodname>Vancouver</methodname>
  <methodparam>
    <parameter role="department" remap="Department of">Physiology</parameter>
    <initializer>vancouver</initializer>
  </methodparam>
</methodsynopsis>

	
	  	
	    each department gets an ID value which becomes the
	      departmental class option entered by the student
	      (physio);

	  

	  	
	    the school to which the department belongs
	      (med) is stored in the arch
	      attribute;

	  

	  	
	    the method name becomes the printable name of the
	      bibliographic format required
	      (Vancouver);

	  

	  	
	    the method parameters hold the type of
	      organisational unit (department), the
	      prefix for printing on the title page (Department
		of), and the actual name of the organisational
	      unit (Physiology);

	  

	  	
	    the initializer element is used for name of the
	      BibTeX style for this discipline
	      (vancouver).

	  

	

	The XSLT transforms these to package options which define
	  the official name of the department and fix the
	  bibliographic format in that discipline. These are output
	  before the annotated code itself starts, as described
	  above.

	
%␣␣␣␣\begin{macrocode}
\DeclareOption{physio}{%
  \department{Physiology}
  \@usebib{vancouver}{Vancouver}{}
}
%␣␣␣␣\end{macrocode}

      
      
	Package specification

	Classes and packages, as well as documentation, often
	  use frequently-occurring sets of utility and style packages,
	  with commonly-used setup commands before and after package
	  invocation. To avoid class and package authors having to
	  retype similar blocks of code for every class or package
	  they create, an ancillary file prepost.xml
	  stores an author's package preferences. The two lists of
	  packages (for the documentation, and for the class or
	  package itself) are therefore given in an XML structure
	  rather than just typed in LaTeX format as code, so that
	  preferences can be looked up and implemented. We used
	  segmented lists in constraintdef elements
	  in the info/cover to do this.

      
<info>
  <cover>
    <constraintdef xml:id="clspackages" linkend="options">
      <segmentedlist>
        <segtitle>Packages needed for this class</segtitle>
        <seglistitem>
          <seg>fix-cm</seg>
        </seglistitem>
        <seglistitem>
          <seg role="textwidth=159mm,textheight=229mm">geometry</seg>
        </seglistitem>
        <seglistitem>
          <seg>graphicx</seg>
        </seglistitem>
        [...]
      </segmentedlist>
    </constraintdef>
    [...]
  </cover>
</info>

	Each seglistitem specifies a package
	  required in the seg element. The
	  role attribute holds any package options
	  needed.[2] A similar construct is used with an ID of
	  docpackages for any packages required for the
	  documentation.

	The linkend attribute specifies the ID of a
	  chapter or section in the annotated code after which the
	  package loading commands are to be output.

	
\usepackage{fix-cm}
\usepackage[textwidth=159mm,textheight=229mm]{geometry}
\usepackage{graphicx}
...


      
      
	Modular code

	Code can be given in programlisting
	  elements interspersed with para and other
	  documentary elements of annotation. The amount of annotation
	  and frequency of interruption is unrestricted: the
	  ltxdoc extraction process simply stitches
	  together all the code and outputs it; and the documentation
	  formatting treats the code as verbatim blocks (line-numbered
	  for convenience).

	However, the literate-programming format
	  for the uses annotation elements to define the
	  LaTeX commands and environments being provided. The
	  role attribute defines the class of object
	  being annotated, and the xreflabel attribute
	  gives its name. Each such annotation element
	  can contain paragraphs, lists, etc, plus the
	  programlisting code, broken into whatever
	  granularity is needed to explain what is being done.

	
  <annotation role="environment" xreflabel="epigraph">
    <para>Define an environment for Epigraphs. These would normally go immediately after the
      <command>chapter</command> command. This is basically the <envar>quotation</envar>
      environment modified, but it has to allow for <emphasis>either</emphasis> manual
      <emphasis>or</emphasis> automated citation (because it may just be a phrase needing 
      no citation), whereas a normal quotation <emphasis>must</emphasis> be cited. It 
      therefore has <emphasis>two</emphasis> arguments, described below:</para>
    <remark version="0.92" revision="2011-05-31">Added Epigraphs.</remark>
    <programlisting>
\newenvironment{epigraph}[2][\relax]{%
    </programlisting>
    <para>Record the argument values now, because they are needed in the end of the 
      environment, so they have to pass across the group boundary. The compulsory 
      argument is for a &BiBTeX; citation key, so that a proper citation can be 
      formatted; the optional argument is for when a pre-formed, 
      <wordasword>full</wordasword> (actually often simpler, non-rigorous) citation
      is wanted.</para>
    <programlisting>
  \gdef\@fullcite{#1}%
  \gdef\@quotcite{#2}%
    </programlisting>
 ...
  </annotation>

	The remark element is used for noting
	  updates: these get extracted to the revision history. The
	  annotations are output using the armored ltxdoc
	  code; the actual lines of code from the
	  programlisting elements are output
	  unarmored for extraction. This results
	  in LaTeX code in the .dtx as shown
	  below:

      
% \begin{environment}{epigraph}
% Define an environment for Epigraphs. These would normally go immediate after the
% \DescribeMacro{\chapter}\verb`\chapter` command. This is basically the
% \DescribeEnv{quotation}\texttt{quotation} environment modified, but it has to 
% allow for \emph{either} manual \emph{or} automated citation (because it may 
% just be a phrase needing no citation), whereas a normal quotation \emph{must} be 
% cited. It therefore has \emph{two} arguments, described below:\par
% \changes{v0.92}{2011/05/31}{Added Epigraphs.}
%    \begin{macrocode}
\newenvironment{epigraph}[2][\relax]{%
%    \end{macrocode}
% Record the argument values now, because they are needed in the end of the environment, 
% so they have to pass across the group boundary. The compulsory argument is for a 
% \BibTeX{} citation key, so that a proper citation can be formatted; the optional 
% argument is for when a pre-formed, `full' (actually often simpler, non-rigorous) 
% citation is wanted.\par
%    \begin{macrocode}
  \gdef\@fullcite{#1}%
  \gdef\@quotcite{#2}%
%    \end{macrocode}
...
% \end{environment}

	The formatted result in the documentation PDF is shown
	  in Figure 1, where the marginal
	  annotation of the commands being documented can be
	  seen.
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Figure 1.
	The ltxdoc package provides only two
	  documentary environments for annotated code:
	  macro and environment. The
	  dox utility package has been  used to provide
	  additional environments for other declarations such as
	  counters, classes, options, templates, etc.

      
    
    
      User documentation

      User documentation is similarly stored in a
	part element, this time with the ID of
	doc. In the .dtx file, the user
	documentation starts with an unarmored
	LaTeX Preamble where settings and packages needed for
	formatting the documentation are specified, followed by a
	self-reference to the same .dtx file in place of
	the actual text. This enables LaTeX to read the Preamble and
	then switch to armored mode to input the same document to
	process the armored documentation at high speed (doing it all
	in a single pass would entail a more computationally-intensive
	process).

      
	Preamble

	Using the remap attribute from the
	  book root element shown earlier (for any
	  changes to the ltxdoc options) we can now
	  output the start of the documentation and add the
	  \usepackage commands for the packages
	  specified. These are given in exactly the same way as those
	  for the code (above), stored in a separate
	  constraindef element, and they use the same
	  prepost.xml lookup mechanism for commonly-used
	  options.

	Unlike with the code, however, this mechanism is largely
	  automated for documentation. This provides for a
	  configurable basic set of packages (defined in
	  prepost.xml) as well as the detection of
	  packages required for specific formatting choices in the
	  documentation. For example, using a compact list in the
	  documentation (the spacing="compact" attribute
	  on a list container) will automatically ensure that the
	  relevant package (enumitem, in this case) is
	  included in the .dtx file without the author
	  needing to take any action (and removing it, should compact
	  lists cease to be used).

	
%<*driver>
\documentclass[a4paper,12pt]{ltxdoc}
\usepackage[utf8x]{inputenc}
\usepackage[T1]{fontenc}
\usepackage[textwidth=159mm,textheight=229mm]{geometry}
\usepackage{graphicx}
\usepackage{fancyvrb}
[...]

	Some additional ltxdoc commands are added
	  to control the behaviour of the documentation
	  cross-referencing and indexing. The \DocInput
	  command then makes the .dtx file input itself
	  as described earlier.

	
[...]
\EnableCrossrefs
\CodelineIndex
\RecordChanges
\begin{document}
\raggedright
\DocInput{uccthesis.dtx}
\end{document}
%</driver>

	This driver block is followed by three
	  blocks not illustrated here:

	
	  	
	    a character checksum table as a protection against
	      file corruption in data transfer (output in a literal
	      result template in the XSLT2 program);

	  

	  	
	    a list of \changes commands for the
	      Change History (taken from the DocBook
	      revisionhistory and remark
	      elements);

	  

	  	
	    and a standard block of hard-coded
	      \DoNotIndex commands to prevent
	      ltxdoc indexing non-relevant internal
	      LaTeX commands.

	  

	

      
      
	Armoring the text

	After all this automated Preamble we can output the
	  \title and \author, an Abstract or
	  Summary, and then the chapters or sections of documentation
	  text. These are all standard DocBook, handled with XSLT2
	  templates in the conventional manner, with the exception of
	  adding the %␣ armor.

	The armoring means that
	  <sect1><title>Introduction</title>... 
	  is output as %␣\subsection{Introduction} (as
	  noted above, the hierarchy is offset by one level to
	  accommodate ltxdoc's default format). All text
	  nodes are handed to a text() template which
	  passes the content through a recursive named template
	  filter, honoring hard-coded newlines but adding the
	  %␣ prefix. The template also handles TeX
	  special characters in filenames and other literals,
	  detecting a parent::programlisting (where
	  armoring is not required). It also removes any leading
	  white-space after a newline (inserted by Emacs'
	  psgml-mode's pretty-printing). The
	  final token output is always a newline, so that we can start
	  any element which occurs in element content with the
	  armour.

	Verbatim code in programlisting examples
	  presented a special case: not only must the code itself
	  not be armored, the processor must
	  be able to escape from the armored text mode, otherwise the
	  verbatim material itself would still contain leading
	  % signs.

	
<variablelist>
  <varlistentry>
    <term><envar>dedication</envar></term>
    <listitem>
      <para>The <envar>dedication</envar>
	environment is for you to add a dedication.</para>
      <programlisting annotations="dedication" language="LaTeX">
\begin{dedication}
...
\end{dedication}
      </programlisting>
    </listitem>
  </varlistentry>
[...]

	This is done by escaping the
	  %<*ignore> tag separately with the
	  same \iffalse...\fi method seen earlier (the
	  same is done for the end-tag). Between them comes the
	  unarmored verbatim content (formatted
	  here with the listings package, which automates
	  per-language colored pretty-printing of the code).

	
% \item[Dedication:] The \texttt{dedication} 
% environment is for you to add a dedication. 
% \iffalse 
%<*ignore> 
% \fi
\begin{lstlisting}[language={[LaTeX]TeX},emph={dedication}]
\begin{dedication}
 ... 
\end{dedication} 
\end{lstlisting} 
% \iffalse 
%</ignore> 
% \fi

	This results in formatting like this (minus the color,
	  and using this conference's default
	  variablelist layout):

	
	  
	    
	      	Dedication:

	      	
		The dedication environment is for you
		  to add a dedication.

		
\begin{dedication} 
 ...
\end{dedication}
		

	      

	    

	  

	

	A bibliography, if one is used, is output in a similar
	  manner to the verbatim code mentioned above, using the
	  %<*ignore> tags and the
	  VerbatimOut environment from the
	  fancyvrb package. When LaTeX is run on the
	  .dtx file, this extracts the bibliographic
	  content to an external (.bib) file so that it
	  on a subsequent pass it can be reprocessed with BibTeX or
	  biblatex to recreate its own
	  bibliography.

      
      
	Inlines

	A number of elements in mixed content are used to
	  identify terms and values for indexing. The
	  envar element type is used to identify a
	  LaTeX environment name; classname for a
	  document class name, package for a package
	  name, and option for an option.

	

      
    
  
  
    Automation

    The advantages of literate programming (Knuth1992) — modular construction, hermetic
      testability, debugging tools, interspersed documentation, even
      pretty-printing — are well known (Thompson2000) and well-criticised (static
      representation; lack of folding structures, version control,
      alternate views of variables). In itself, literate programming
      does not solve any specific requirement for automation (although
      modularity may contribute to this). In developing this method, one
      of the objectives was to remove as much as possible the tedious
      and repetitive typing that program development and documentation
      writing engenders.

    
      Development from pilot to production

      The original thesis document class was successfully
	implemented, and the XML-based system as described is used to
	maintain it. The 50 or so class options specifying department
	and degree are used to simplify and rationalize the setup for
	the department name, title-page layout, and style of
	references, while the class itself presets the rest of the
	formatting; see Figure 2, “Thesis set-up”).

      [image: Thesis set-up]
		
	      
	  
	    	
	      
\documentclass[history,phd]{uccthesis}
\begin{document}
\title{The Application of XML to the Lexicography 
       of Old, Middle and Early Modern Irish}
\author{Julianne Nyhan}
\qualifications{BA}
\professor{Prof Dermot Keogh}
\supervisor{Prof Donnchadh Ó Corráin}
\date{June 2005}
\maketitle
... 
\end{document}

	    
	    	
	      
		
		  

	    
	  

	



      
Figure 2.Thesis set-up
      However, that class was a pilot: the result is that this
	XML-based mechanism is usable for the creation and maintenance
	of almost any LaTeX class or package. The system is used for
	all the author's classes and packages, and has significantly
	reduced development time on a new class or package. In the
	development of additional classes or packages in a series or
	suite (such as occurs in corporate use) the reduction is
	greater because of the ease and reliability with which modules
	of code can be included (as entities or XIncludes). The reuse
	of imported data specifications also has an important place in
	industrial documentation, where sets of part numbers or known
	production components need to be pre-specified, and the system
	has now been adapted twice to use this method.

    
    
      Markup load

      Many of the templates in the XSLT2 program make decisions
	about the markup they should emit according to the content of
	the element type they match. As an example, a
	firstterm element type can be made to identify
	from its position if it is indeed the first occurrence, and if
	so, to add a bold LaTeX \index entry rather
	than a plain one. The careful author can add an attribute to
	suppress this behaviour in cases where a first or early
	occurrence may be used en passant.

      In a more complex environment, such as a footnote or the
	term element of a variablelist
	containing code requiring a monospace font and LaTeX's
	verbatim formatting, the template will choose not to use
	LaTeX's \verb command because of its fragility
	inside other markup, and to use \texttt (simple
	monospace) instead, or even \url, according to
	content. This is something which would otherwise require the author to
	remember that certain special characters cause LaTeX
	problems when treated verbatim.

      Cross-references which cannot be automated by LaTeX's
	otherwise excellent varioref package (such as
	references to an unnumbered list item, where by definition no reference
	number exists) are pre-empted in the XSLT2 code and the reference
	switches to the fmtcount package, which phrases
	a counter value as a spelled-out ordinal: see the third
	  item in the list on p.42.

      The objective in all these cases is to relieve class and
	package authors of the need to work manually around LaTeX's
	oddities and allow them to write unhindered, for example,  by
	the need to remember that such-and-such a reference was to a
	table, or a figure, or a subsubsubsection, or a call-out; and
	to have the reference auto-adjust its semantics if the target
	element type gets changed.

      As an example of the use of markup, the formatted
	annotation output (code documentation) usually requires a
	wider left margin than the user documentation because code
	fragments are identified by a marginal note showing the
	LaTeX command name. In order to accommodate the widest name
	used, a new value for the margin is calculated in the XSLT2
	program, using the longest value of the various commands
	explained in the annotations. This ensures that an
	unexpectedly long command name will not extend beyond the
	left-hand edge of the page. This calculation, straightforward
	in XSLT2, would be computationally challenging in LaTeX and
	would need to be written to use the second pass of the
	document normally associated with LaTeX tables of content
	and cross-references. This calculation can therefore be done
	first, before processing the content of the part
	element for annotated code.

      The use of XML also makes it straightforward to query the
	document structure for control purposes. For example, using
	standard command-line tools such as the LTxml toolkit
	provides, a list of macros and environments defined can be
	extracted, or a list made of the packages used:

      
$ lxprintf -e annotation "%s (%s)\n" @xreflabel @role uccthesis.xml | sort
ackname (macro)
acknowledgements (environment)
author (macro)
bibliography (macro)
bibname (macro)
cjk (option)
dedication (environment)
department (macro)
draft (environment)
epigraph (environment)
...
$ lxprintf -e \
'constraintdef[@xml:id="clspackages"]/segmentedlist/seglistitem' \
"%s\n" seg uccthesis.xml
inputenc
fontenc
geometry
lmodern
url
graphicx
array
calc
soul
textcomp
ucccrest
setspace
float
$


    
    
      Tag abuse

      We said earlier in Annotated code that some
	element types have been used for purposes not envisaged by
	DocBook, and that part of this experiment was to identify what
	the nature of these use cases in class and package maintenance
	was likely to be. As there are areas of DocBook into which the
	present author has never had need to stray, suggestions are
	welcomed for element types with a better fit. A future task is
	to write an RNG specialist modification layer for the DocBook
	schema to create some additional element types to avoid the
	current level of abuse.

      
	
	  	exceptionname

	  	
	    Used to hold keywords of RFC 2119:1997 (Bradner1997) for direction on requirement or
	    optionality. Formatted as small caps.

	  

	

	
	  	methodsynopsis

	  	
	    Holds the structured data for the naming departments
	    and degrees (here; extensible to other structured data).

	  

	

	
	  	entry

	  	
	    In a table, the attributes wordsize,
	    charoff, char, and
	    morerows are used to hold dimensions required
	    for LaTeX to format a multi-row column containing a large
	    vertical brace.

	  

	

	
	  	classname, package,
	  option, envar
 
	  	
	    These are used to identify LaTeX class, package,
	    option, and environment names or values.

	  

	

	
	  	annotation

	  	
	    Used as the container for modules or fragments of
	      annotated code. In the info/cover element,
	      this is used for the wording of the Notice which goes in
	      the Preamble of the .ins file.

	  

	

	
	  	cover

	  	
	    Holds the setup specifications for packages.

	  

	

	
	  	constraintdef

	  	
	    Holds the structured lists of packages needed for
	    documentation and for the class or package being written.

	  

	

	
	  	procedure

	  	
	    Used in the prepost.xml file to store
	      the default settings for frequently-used packages with
	      any ancillary commands needed before and after package
	      load.

	  

	

	
	  	cmdsynopsis

	  	
	    Within a constraintdef in a
	      procedure/step, holds commands which need
	      to be ouput before (or after) a command.

	  

	

	
	  	type

	  	
	    In documentation, marks a span for which special
	      typographical treatment is needed. The role attribute
	      must be set to font and the remap attribute
	      must be set to the NFSS2e three-character
	      fontname code.

	  

	

      

      At the moment, the XSLT also generates a shell script file
	which can be used to build the relevant LaTeX distribution
	package (a specially-formed zip file). This needs to be
	replaced by a parameterised Makefile, using the
	latexmk script.

    
  
  
    Conclusions

    The experience of this experiment has been fourfold:

    
      	
	It is certainly possible to use XML to define and
	  maintain LaTeX document class and package data and
	  documentation, and to use XSLT2 to create the distribution
	  files. In conjunction with a small shell script or Makefile
	  and a suitable repository mechanism (eg Subversion, GIT,
	  etc), a fairly complete process can be defined for
	  versioning and production of LaTeX document classes and
	  packages.

      

      	
	The benefits of reusability appear only when using this
	  method for handling a number of classes or packages, where
	  there is some re-use of commonly-occurring constructs
	  (macros, environments, utilities, etc), or where the class
	  or package is part of a series sharing common attributes.

      

      	
	It does require significant knowledge of XML and
	  DocBook, regardless of the editor being used (it may be
	  assumed that a class or package author is already
	  well-skilled in the use of LaTeX).

      

      	
	It does save time and effort when actually writing the
	  documentation, as there is no need to consider the various
	  forms of escapement and armoring required by the
	  .dtx file format, or the need to invoke
	  particular packages when certain facilities are used.

      

    

    The system has provisionally been called
      ClassPack, and is available on CTAN
      (Comprehensive TeX Archive Network) under the LaTeX Project
      Public License. At the moment there are substantial remnants of
      earlier code which need tidying up, and the mechanism for
      handling structured data for formal naming needs to be
      generalized.
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XSL 1.1 Processing Model


Extensible Stylesheet Language (XSL) 1.1 [XSL11] is defined to cover
both transformation and formatting.  The transformation part was
broken out as XSLT long before XSL 1.1 became a Recommendation, so the XSLT spec, bar a few paragaphs about XSLT, is concerned with formatting the result of a XSLT transformation, where:


Formatting is enabled by including formatting semantics in the result tree. Formatting semantics are expressed in terms of a catalog of classes of formatting objects. The nodes of the result tree are formatting objects. The classes of formatting objects denote typographic abstractions such as page, paragraph, table, and so forth. Finer control over the presentation of these abstractions is provided by a set of formatting properties, such as those controlling indents, word- and letter spacing, and widow, orphan, and hyphenation control. In XSL, the classes of formatting objects and formatting properties provide the vocabulary for expressing presentation intent.



Figure 1 is the detailed conceptual model diagram from XSL 1.1.  It shows a linear process from XML source to the result of the XSLT stage to the formatted output.


[image: XSL 1.1 processing model]
            
          
Figure 1.XSL 1.1 processing model

The process of turning XML in the FO vocabulary into formatted, and more than likely paginated, output is itself defined in multiple stages.  Figure 2, also from XSL 1.1, shows how the XML representation of the formatting objects is turned into actual objects (as 'actual' as bits and bytes in computer memory can be), expressions in property values are resolved, and the formatter then makes areas.  The formatted areas could be written out to a graphical or document format (such as PDF, PostScript, or RTF) or, in some cases, could be written out as an XML representation of the area tree for later processing.


[image: Summary of the process]
            
          
Figure 2.Summary of the process

The XSL spec itself notes that its design follows that of DSSSL [DSSSL]:


XSL builds on the prior work on Cascading Style Sheets [CSS2] and the Document Style Semantics and Specification Language [DSSSL].



and the linear processing model with transformation and formatting stages follows that of DSSSL:


[image: DSSSL processing model]
            
          
Figure 3.DSSSL processing model

[image: DSSSL formatting]
            
          
Figure 4.DSSSL formatting

DSSSL goes one step further - or XSL took one step back from DSSSL - since DSSSL states:


DSSSL is independent of the type of formatter,
formatting system, or other transformation processor.



and James Clark's Jade DSSSL procssor [JADE] came with RTF, TeX, and MIF backends for formatted output.


This separation of concerns between a style engine and a backend is not explicit in either the original XSL Requirements Summary [XSLReq] or the XSL spec, but the linear processing model did allow XSL processing to be implemented on top of existing formatters, and of the six formatters for which test results [XSLCRTest] were provided so the XSL 1.0 specification could progress from Candidate Recommendation to Proposed Recommendation, two - Arbortext and PassiveTeX - used existing formatters to make the pages.



Effect on decision making


To take a simplistic view of decision making - that it's just that: making decisions - then there's obviously a lot of decision making going on in the XSL processing model:


  	The stylesheet writer decides how to style the class of the source documents


  	The XSLT processor, by selecting template rules based on the structure of the source document (and possibly on other factors) and by evaluating conditional expressions, decides what goes in the result tree


  	The XSL formatter decides where pages, lines, etc., should break, decides what should change when one area intrudes on another, and decides (based on values of properties such as 'overflow', etc.) what to do when an area or a graphic is too large for the available space

  





yet these are all decisions taken in isolation at different points in the processing.




Case Study - PLOS ONE Journal



PLOS ONE [PONE] is an international, peer-reviewed, open-access, online publication published by PLOS (Public Library of Science) [PLOS], a nonprofit publisher and advocacy organization headquartered in San Francisco, California, USA.


The author was selected to implement a XSL-FO-based system for producing PDFs of PLOS ONE articles.  The PDFs had to replicate PLOS ONE's existing house style.


PLOS ONE receives manuscripts in Word, LaTeX, or RTF formats, then converts these to XML conforming to the NLM Journal Publishing DTD v3.0 prior to publication.


PLOS ONE articles are formatted in two-column pages.  Figures may be either column-wide or page-wide, and tables may be column-wide, page-wide, or rotated so their width is page-high, but there is no size information for either figures or tables in the source XML.  Figures and graphics may also float to either the top or bottom of the page or column.



XSL 1.1 capabilities


XSL 1.1 defines a 'before-float-reference-area' on a page, but does not define an area for content floated to the 'after' end of the page, and the 'before-float-reference-area', when instantiated, takes the full width of the fo:region-body of the page.


PLOS therefore had to choose a XSL formatter based on the availability of vendor extensions to support more ways to float than defined by XSL 1.1.




Graphics handling


Graphics at least have an intrinsic size and, in formats such as TIFF, have an intrinsic resolution as well.


The process for determining whether graphics are column-wide or page-wide is:



          	
            Download copies of TIFF images from PLOS ONE article web page


In production, PLOS will have the graphics available on their servers, so this is only ncessary while developing the stylesheet.



	Run ImageMagick 'identify' on each graphic to get its width, height, horizontal resolution, and vertical resolution and write the information to a '.identify' file for each graphic



	In the XSLT stylesheet, when processing a graphic, get the contents of the corresponding '.identify' file using 'unparsed-text()', tokenize the returned string to get the four values, then calculate the graphic's width by dividing the width in pixels by the horizontal resolution.  When the calculateed width is less than or equal to the width of a column, it is made column-wide, otherwise it is made page-wide.





The PLOS ONE authoring guidelines allow graphics sized up to the height of the page body, but figures may have captions of up to 300 characters, as well as having a label, title, and DOI that also appear in the formatted output.  XSL doesn't allow floated FOs to break across a page, so imilarly to as described below for tables, the processing system 'preformats' the figure captions at both widths and writes out the area tree to be used as input by the main stylesheeet so the stylesheet reduces the allowed maximum height of the graphic so the graphic won't push its following caption into the footer area.




Table handling


Tables, as noted above, are presented one of three ways -- column-wide, page-wide, or page-high -- depending on which best fits the content of the table.  Deciding which to do is entirely up to the processing system since the source XML, converted from other sources as it was, does not include even the few presentation-oriented attributes defined by the DTD.


The NLM/JATS DTDs support [TableWrap] specifying the orientation of a combined table and caption but do not provide a way to indicate the width of a table.  The NISO JATS table model does allow a 'style' attribute on 'table' and 'caption', but not on the 'table-wrap' that contains them both.


The sample files provided at the start of the project included TIFF images of each of the tables in the samples as well as TIFF files for the graphics, and it wasn't until the project was underway that it was made clear that the images of the tables were artifacts of the existing processing system and, not only were they not going to be available for new documents, the new system was expected to produce those as well.


The implemented approach makes a temporary 'sizer' formatted document containing each table at each width, saves the area tree from that document, and provides the area tree as a parameter to the stylesheet that produces the FO for the final formatted output.


The 'sizer' document comprises three pages that each have a different fixed width and a large height (since the formatter doesn't support '<fo:root media-usage="bounded-in-one-dimension">').  Every table in the source XML has an ID, so the tables on each page are given a unique ID in their FO document by prefixing a page-specific prefix to the tables original ID.  The following figure shows tables from an article formatted at page-wide, column-wide, and page-high widths.  The first two tables fit within a column, but the third overflows a column.


[image: 'sizer' document]
            
          
Figure 5.'sizer' document

The stylesheet that produces the 'sizer' document is very simple.  A template matching the document node does all the work, and the stylesheet imports the 'main' stylesheet so the tables are formatted exactly as they would be in the final output.  Since there are only three pages, the stylesheet does not even define any page-sequence masters, so each fo:page-sequence refers directly to a fo:simple-page-master.



  <fo:root>
    <fo:layout-master-set>
      <xsl:call-template name="define-sizer-simple-page-masters"/>
    </fo:layout-master-set>
    <fo:page-sequence master-reference="page-wide">
      <fo:flow flow-name="body" xsl:use-attribute-sets="fo:flow">
        <xsl:apply-templates select="//table-wrap">
          <xsl:with-param name="prefix" select="'page-wide-'" as="xs:string" tunnel="yes" />
        </xsl:apply-templates>
      </fo:flow>
    </fo:page-sequence>
    <fo:page-sequence master-reference="column-wide">
      <fo:flow flow-name="body" xsl:use-attribute-sets="fo:flow">
        <xsl:apply-templates select="//table-wrap">
          <xsl:with-param name="prefix" select="'column-wide-'" as="xs:string" tunnel="yes" />
        </xsl:apply-templates>
      </fo:flow>
    </fo:page-sequence>
    <fo:page-sequence master-reference="page-high">
      <fo:flow flow-name="body" xsl:use-attribute-sets="fo:flow">
        <xsl:apply-templates select="//table-wrap">
          <xsl:with-param name="prefix" select="'page-high-'" as="xs:string" tunnel="yes" />
        </xsl:apply-templates>
      </fo:flow>
    </fo:page-sequence>
  </fo:root>
</xsl:template>


The only template that has so far been needed to override the default processing just stops bibliographic cross-references or references to supplemantary material generating a fo:basic-link so there's no longer warnings from the XSL formatter about unresolved cross-references:


<xsl:template match="xref[@ref-type = ('bibr', 'supplementary-material')]">
  <xsl:apply-templates />
</xsl:template>


The main stylesheet declares variables for the page width, margins, etc., so the same values are used in the main stylesheet to produce the final output and to work out whether graphics should be page-wide or column-wide and used in the 'sizer' stylesheet to set the pages' dimensions.


As stated previously, the area tree for the 'sizer' document is saved as XML, and the filename of the area tree XML passed to the main stylesheet, when run separately, as a parameter value.  When the stylesheet comes to process a 'table-wrap', it looks up the dimensions of the table variants in the 'sizer' area tree and, based on the dimensions, decides which format of the table to use.  The following figure shows two of the tables from the 'sizer' document in the final formatted output.


[image: Formatted pages]
            
          
Figure 6.Formatted pages

Current capabilities include automatic sizing of tables to be column-wide, page-wide, or page-high (either column-width or page-width), with manual overrides available to force a table to be page-wide or page high, plus automatic breaking of tables that are too high (or, for page-high tables, too wide) for the available space.  When tables are broken into multiple subtables, each subtable gets its column widths from the 'sizer' table both so the subtables use the same widths and to avoid the automatic table algorithm optimising eacch subtable and leaving space at the bottom of a page.


It hasn't yet been necessary to produce TIFF images of each table, but if it were required, the main stylesheet would output a separate FO document with individually-sized page dimensions for each table.  Those FO documents would then be formatted to PDF or PostScript and then converted to TIFF using ImageMagick.





Extensible Stylesheet Language (XSL) Requirements Version 2.0


The "Extensible Stylesheet Language (XSL) Requirements Version 2.0" Working Draft [XSLFO20-Req], published two years after XSL 1.1, includes among its requirements several that require or allow more decision making within the XSL formatter or that break the linear sequence of the XSL 1.1 processing model, including:



	Section 2.3, Feedback from pagination stage


This calls for "the ability to use information from the pagination step of one formatting episode in determining layout of the following formatting episode" and "making changes to the pages, reordering pages, merging multiple flows and do many other post processing tasks."  This is what was done in the PLOS ONE example above, but if it could be realised in a XSL-FO 2.0 specification and in a XSL-FO 2.0 formatter, then it may be easier to use compared to the current bespoke solution that is stitched together using Apache Ant.



	Section 3.1, Including information from formatting time


This calls for the XSL-FO expression language "to allow expressions that include information that’s only available at formatting time."  If implemented, it wouldn't necessarily put more decision making in the XSL formatter, but would let the output change the output in a way that isn't possible at present.



	Section 3.2, Pagination information


The ability "to compute expressions that are based on information that is only available after the pagination stage" would be another twist to the linear processing model.



	Section 2.1.4, Copyfitting


Copyfitting, in XSL-FO 2.0 terms, would be the ability to "shrink or grow content (change properties of text, line-spacing, ...) to make it constrain to a certain area."  The requirements also anticipate that "multiple instances of alternative content can be provided to determine best fit" and that copyfitting would act "across a given number of pages, regions, columns etc, for example to constrain the number of pages to 5 pages."


Again, this would put more decision making within the XSL formatter but, once specified in the input FO document, it would be beyond the direct control of the XSLT stylesheet and of the stylesheet writer.







Print and Page Layout Community Group


The charter of the W3C XML Print and Page Layout Working Group, which was developing XSL-FO 2.0 and produced a series of working drafts, expired in early 2013.  However, following the inception of Business and Community Groups at the W3C, the Print and Page Layout Community Group [PPL] has been operating since early 2012.  It has no charter and no support from the W3C other than that provided to all Community Groups, but after a period of relative inactivity, it is now producing new ideas and trying out new solutions for XSL-FO processing.



Emphasis on feedback


Following a post by Patrick Gundlach of Speedata on the eve of his XML Prague 2013 talk [Sppedata], the CG turned its attention to feedback, or the lack of it, in XSL-FO processing.  The CG produced a short list of examples where feedback, as the basis for decision making, would be useful [CustReq].  Some of them have direct equivalents in the XSL-FO 2.0 requirements document, but others do not.


It was quite easy for several on the public-ppl@w3.org mailing list to agree on the usefulness of more feedback in XSL-FO processing (while others are happy with XSL 1.1 as it is today [Hahn]), but the difficulty was in doing anything about it given the limited resources of the CG.  In response to comments on the mailing list, Arved Sandstrom of MagicLamp Software produced a proof-of-concept extension function [FOPRunXSLTExt] for both the Saxon and Xerces XSLT processors that, mid-transform, runs the Apache FOP XSL formatter [FOP] on a provided FO document and returns (a reference to) the area tree XML for the formatted result.


Several examples of the extension function in action are provided on the PPL wiki.  The example below demonstrates a solution to requirement #9, "Ability to modify label field width in a single list when labels are large", from [CustReq].


The example's source XML includes two lists that, when transformed with the default stylesheet and formatted, are cleverly contrived to have list item label widths that are either too wide or too narrow for the labels in the lists.


[image: Wrong list item label widths]
            
          
Figure 7.Wrong list item label widths

When the same XML is transformed with a stylesheet that uses the extension function and then formatted, the list item label widths are set based on the actual maximum formatted width of the labels in each list. The stylesheet constructs a test document containing just the list item label texts, uses the extension function to format that and get the area tree, and decides the maximum widths from the area tree. The document that is formatted mid-transform is, therefore, a different document to the one used to produce the final output.


[image: Right list item label widths]
            
          
Figure 8.Right list item label widths

<xsl:template name="main">
  <!-- Make a test document containing only the list labels.  Re-use
       example markup rather than creating FOs directly just because
       it's convenient. -->
  <xsl:variable name="test-doc">
    <example>
      <xsl:for-each select="key('lists', true())">
        <box id="{@id}" width="3in" height="3in">
          <xsl:for-each select="item/@label">
            <paragraph>
              <xsl:value-of select="."/>
            </paragraph>
          </xsl:for-each>
        </box>
      </xsl:for-each>
    </example>
  </xsl:variable>
  <!-- Save the FO tree from $test-doc in a variable. -->
  <xsl:variable name="fo_tree">
    <xsl:apply-templates select="$test-doc" />
  </xsl:variable>

  <xsl:variable name="area_tree_file"
		select="concat($dest_dir, '/', $area_tree_filename)" />

  <xsl:message>Area tree filename = <xsl:value-of select="$area_tree_file" /></xsl:message>

  <xsl:variable
      name="url"
      select="runfop:area-tree-url($fo_tree, $area_tree_file)"
      as="xs:string" />

  <xsl:variable
      name="area-tree"
      select="document($url)"
      as="document-node()?" />

  <xsl:variable name="overrides">
    <overrides>
      <!-- Find the maximum label width for each list and convert to pt. -->
      <xsl:for-each select="key('lists', true())">
	<xsl:variable name="id" select="@id" as="xs:string" />
	<xsl:variable name="block"
		      select="key('blocks', $id, $area-tree)[1]" />
	<override id="{$id}" label-width="{max($block//text/@ipd) div 1000}pt" />
      </xsl:for-each>
    </overrides>
  </xsl:variable>

  <xsl:apply-templates select="/">
    <xsl:with-param name="overrides" select="$overrides" as="document-node()" tunnel="yes" />
  </xsl:apply-templates>
</xsl:template>


  The examples so far haven't demonstrated anything that couldn't be done using two stylesheets in the manner of the PLOS ONE table handling.  The following example impements the oft-stated requirement for adjusting font size until text just fits a certain area.  Since that's an iterative process, it's more convenient to do that within on transformation rather than having to use shell scripts or Ant to run an XSLT processor on a preliminary stylesheet multiple times and examine the result each time.


[image: 'font-size' adjusted so text fills box]
            
          
Figure 9.'font-size' adjusted so text fills box

<!-- Initial template -->
<xsl:template name="main">
  <xsl:call-template name="do-box">
    <xsl:with-param name="font-size" select="$font-size" as="xs:double" />
    <xsl:with-param
        name="font-size.minimum" select="$font-size" as="xs:double" tunnel="yes" />
    <xsl:with-param
        name="font-size.maximum" select="$font-size * 10" as="xs:double" tunnel="yes" />
    <xsl:with-param name="iteration" select="1" as="xs:integer" />
    <xsl:with-param name="iteration-max" select="30" as="xs:integer" tunnel="yes" />
    <xsl:with-param name="tolerance" select="$tolerance" as="xs:double" tunnel="yes" />
  </xsl:call-template>
</xsl:template>

<xsl:template name="do-box">
  <xsl:param name="font-size" as="xs:double" />
  <xsl:param name="font-size.minimum" as="xs:double" tunnel="yes" />
  <xsl:param name="font-size.maximum" as="xs:double" tunnel="yes" />
  <xsl:param name="iteration" select="1" as="xs:integer" />
  <xsl:param name="iteration-max" select="5" as="xs:integer" tunnel="yes" />
  <xsl:param name="tolerance" select="$tolerance" as="xs:double" tunnel="yes" />

  <xsl:variable name="area_tree_filename_basename"
                select="replace($area_tree_filename, '\.[^.]+$', '')"
                as="xs:string" />
  <xsl:variable name="area_tree_filename_suffix"
                select="tokenize($area_tree_filename, '\.')[last()]"
                as="xs:string" />
  <xsl:variable name="area_tree_file"
		select="concat($dest_dir,
                               '/',
                               $area_tree_filename_basename,
                               '-',
                               $iteration,
                               '.',
                               $area_tree_filename_suffix)"
                as="xs:string" />

  <xsl:message>iteration = <xsl:value-of select="$iteration" /></xsl:message>
  <xsl:message>font-size = <xsl:value-of select="$font-size" /></xsl:message>
  <xsl:message>font-size.minimum = <xsl:value-of select="$font-size.minimum" /></xsl:message>
  <xsl:message>font-size.maximum = <xsl:value-of select="$font-size.maximum" /></xsl:message>
  <xsl:message>Area tree filename = <xsl:value-of select="$area_tree_file" /></xsl:message>

  <xsl:variable name="overrides">
    <overrides>
      <!-- Set the font size. -->
      <xsl:for-each select="key('boxes', true())">
	<xsl:variable name="id" select="@id" as="xs:string" />
	<override id="{$id}" font-size="{$font-size}" />
      </xsl:for-each>
    </overrides>
  </xsl:variable>

  <!-- Save the FO tree in a variable. -->
  <xsl:variable name="fo_tree">
    <xsl:apply-templates select="/">
      <xsl:with-param name="overrides" select="$overrides" as="document-node()" tunnel="yes" />
    </xsl:apply-templates>
  </xsl:variable>

  <xsl:variable
      name="url"
      select="runfop:area-tree-url($fo_tree, $area_tree_file)"
      as="xs:string" />

  <xsl:variable
      name="area-tree"
      select="document($url)"
      as="document-node()?" />

  <xsl:variable
      name="bpd"
      select="key('blocks', key('boxes', true())[1]/@id, $area-tree)[1]/block/@bpd"
      as="xs:integer" />

  <xsl:variable
      name="target-height"
      select="xs:double(substring-before(key('boxes', true())[1]/@height, 'pt'))"
      as="xs:double" />

  <xsl:choose>
    <xsl:when test="$iteration eq $iteration-max">
      <xsl:message>Maximum iterations.</xsl:message>
      <xsl:apply-templates select="/">
        <xsl:with-param
            name="overrides"
            select="$overrides"
            as="document-node()"
            tunnel="yes" />
      </xsl:apply-templates>
    </xsl:when>
    <xsl:when test="$bpd div 1000 > $target-height">
      <xsl:call-template name="do-box">
        <xsl:with-param
            name="font-size"
            select="($font-size + $font-size.minimum) div 2"
            as="xs:double" />
        <xsl:with-param
            name="font-size.maximum"
            select="$font-size"
            as="xs:double"
            tunnel="yes" />
        <xsl:with-param name="iteration" select="$iteration + 1" as="xs:integer" />
      </xsl:call-template>
    </xsl:when>
    <xsl:when test="$target-height - ($bpd div 1000) &lt;
                    $target-height * $tolerance div $target-height">
      <xsl:message>It fits.</xsl:message>
      <xsl:apply-templates select="/">
        <xsl:with-param
            name="overrides"
            select="$overrides"
            as="document-node()"
            tunnel="yes" />
      </xsl:apply-templates>
    </xsl:when>
    <xsl:otherwise>
      <xsl:call-template name="do-box">
        <xsl:with-param
            name="font-size"
            select="($font-size + $font-size.maximum) div 2"
            as="xs:double" />
        <xsl:with-param
            name="font-size.mimimum"
            select="$font-size"
            as="xs:double"
            tunnel="yes" />
        <xsl:with-param name="iteration" select="$iteration + 1" as="xs:integer" />
      </xsl:call-template>
    </xsl:otherwise>
  </xsl:choose>
</xsl:template>


The difficulty with the proof-of-concept extension function is that it's only a proof-of-concept -- getting the area tree back from the extension function is more complicated than it needs to be, and getting values from the area tree requires some comprehension of the FOP area tree XML.  If it is to be generally usable and usable with different XSL formatters, there should be a common area tree XML format into which vendor's area trees can be transformed and/or library functions for common area tree access operations.


  

  Adapt Saxon-CE event model to XSL-FO?


Using the proof-of-concept extension function, an
XSLT stylesheet can now make decisions about what to put in the result
based on the trial formatted size of areas, but as it's only a
proof-of-concept, it doesn't aim as high as getting feedback from or
modifying in-situ the area tree for the final, formatted document.


Once people have tried a few things with getting feedback from the XSL
formatter and start asking their vendors for the same or better, they'll
also be wanting an interoperable way to express what to do with that
feedback.  For simple feedback of static area trees, which is all that is
possible with the current proof-of-concept, the most interoperability that
you could manage would be a common representation of area trees (with
flexibility for vendor extensions) and, possibly, a library of XSLT
functions to make it easier to navigate the area trees, but for "live"
feedback, something more would be required.


The PPL CG has recently been looking at how Saxon-CE [SaxonCE] handles user input, and considering whether the same sort of pattern could be adapted to handling
feedback from the XSL formatter.  Saxon-CE does it through template
rules that match the element that receives the event and are in a mode
that reflects the type of event, and similarly an XSL formatter could
trigger on exceptional events such as overflow occurring or even on
mundane events such as completion of a page sequence, and the templates in
the corresponding modes could match on either FOs in the FO tree or areas
in the area tree.


The following template from the "Knight's Tour" sample Saxon-CE
application is the event handler for when the user clicks the 'Reset'
button.  It simply writes a NO-BREAK SPACE to each square on the Knight's
chess board


<xsl:template match="button[@id='reset']" mode="ixsl:onclick">
  <xsl:for-each select="//div[starts-with(@id, 'square')]">
     <xsl:result-document href="#{@id}" method="replace-content">
       <xsl:text>&amp;#xa0;</xsl:text>
     </xsl:result-document>
  </xsl:for-each>
</xsl:template>


The key feature of the event handler for the purposes of this discussion
is that it's written in plain old XSLT.  The advantage of the XSLT event
handler for Saxon-CE users is interactivity "without dropping down into
JavaScript" (as the Saxon-CE documentation so delicately puts it),
but the advantage for XSL-FO users would simply be that they don't need to
learn a new language (declarative, functional, or otherwise) to handle
feedback.  (And the advantage for those trying to define or
implement feedback is that they don't need to invent a whole new language to
handle it.)


Applying the Saxon-CE approach to XSL-FO, the following conceptual FO
event handler would handle a figure overflowing its available space by
reducing its size to 80% of the current.


<xsl:template match="BlockArea[key('fig', @id, $src-doc)]"
              mode="ppl:overflow">
  <xsl:result-document href="#{@id}/area:external-graphic"
                       method="replace-content">
    <xsl:copy>
      <xsl:apply-templates select="@*"/>
      <xsl:attribute name="width"
                     select="ppl:scale(area:external-graphic/@width,
                                       0.8)"/>
      <xsl:apply-templates/>
    </xsl:copy>
  </xsl:result-document>
</xsl:template>



An extra wrinkle for XSL-FO is the question of whether event handlers
should be specified to (a) match on, and (b) modify the FO tree or the
area tree or both.  There are some existing requirements that can only be
satisfied by modifying the area tree, e.g., Section 3.3, Output result of
expression:


Allow users to output the result of expressions on area tree,
   traits, markers or text content. For example to calculate the
   subtotal of a certain page (as opposed to a running total that
   is already supported in XSL 1.1 with table markers)



On the other hand, it will often be simpler (from the user's perspective)
to modify an FO rather than all the areas that it generates, since a
single FO may generate multiple areas across several columns or pages (and
footnote areas), and its content may be reused in markers on multiple
pages.  If, for example, the response to a page sequence taking too many
pages is to reduce the font size in one of the multiple flows appearing on
the page, it would be at once simple to adjust the 'font-size' property on
the appropriate FOs in the FO tree and inaccurate to directly modify font
sizes in the line areas in the area tree.  If the XSL formatter did the
work based on modified FOs, it would reflow the line areas based on their
reduced font size and make the pages again and the resulting modified
block areas would break across pages in different places because of the
smaller font size.  If the XSLT stylesheet did the work by modifying the
area tree, it would have to do the same recalculating of text sizes and
the same merging or splitting of line areas and of block areas, and all
(probably) without the benefit of font metrics.  It might work, just, in a
simple case with only monospace fonts, but would still be a lot of work to
do in XSLT.


Adapting the Saxon-CE event model to XSL-FO is, therefore, an interesting
possible solution to handling feedback from the XSL formatter, but there
are still many FO-specific details that would have to be worked out.




Conclusion


The linear processing model of XSL 1.1 has served it will -- and, in the XSL 1.0 timeframe, helped it towards becoming a Recommendation -- but real world use cases have forced users into doing multi-pass processing and other tricks so they can make decisions on what to put in the formatted output based on sizes in the formatted output.  The XSL-FO 2.0 requirements document recognised some of these requirements, but the XPPL WG's charter expired without XSL-FO 2.0 being completed.  Since then, the Print and Page Layout Community Group at the W3C has been producing innovative ideas and solutions to help satisfy the user requirements for more decision making in XSL-FO processing.
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       Abstract
In a large code and complex code base, it becomes unfeasible to
manually develop tests for every feature and combination of
features. The key to quality assurance in this context is automation and focus.
Automatic generation of tests creates its own problems, however, as the
execution of a complete cross-product of all interactions will take too long to
execute, and small defects can give rise to large numbers of regression
failures that must be manually analyzed. Manually identifying the interactions
is itself a challenging undertaking, as is automatically generating
meaningful test cases. It becomes important to make smart
choices about what to expend effort on so as to minimize the risk of undetected
code defects. 
        

        This paper reports on an attempt to find areas to focus testing on in a
large XQuery code base by performing XQuery introspection on that code base,
treating the set of functions and parameter and return types as vocabularies, and
computing TF-IDF scores over the terms in those vocabularies. To the extent
that function names and types follow classic Zipf distributions,
using TF-IDF scoring over those vocabularies makes mathematical sense.
Terms that score high will be those that are common enough to be important
(high term frequency) but not so ubiquitous that they tend not to be covered by
other tests (high inverse document frequency).
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       Introduction

Ensuring that software works properly can be a difficult undertaking.
When a code base is small and worked on by a handful of people,
you can manually generate tests with good confidence that they cover the ground.
As the code base grows it develops more complex interactions,
includes more features, and is modified by more and more developers.
The code develops unused byways and tangles of dependencies.
It becomes unfeasible to
manually develop tests for every feature and combination of features.
Complete automated testing of all possibilities also becomes increasing less
feasible:
developing cases, executing them, and analyzing the results becomes more and
more time consuming. The sad truth about QA is that the difficulty of ensuring
that software works correctly does not scale linearly with the size of the code base.


Analysis of code usage patterns can help focus attention where testing can do
the most good. Code analysis can also provide a different perspective on the
code that can lead to uncovering potential issues as well. For example, a
function that is not called much probably doesn't need a lot of testing. Testing is 
designed to limit risk, and the risk of a bug in a rarely used function is
commensurately low. On the other hand, a function that is widely called may
also not need a lot of additional testing on the grounds
that it is already tested in the process of testing its callers. So again, from
a risk perspective, the risk of not adding additional tests for that function
is also low. Beyond simple
testing, analysis of usage patterns can perhaps highlight areas where APIs can
be simplified by removing unnecessary options and alternatives.



The schema types and elements used in function argument and return types form
an important part of the API. Analysis of the usage patterns of declared types
and elements against the available pool exposed by the in scope schemas can
also provide insights into possible API simplification, or testing focus.


The idea explored here is that (a) functions and types form
vocabularies of sorts 
and the distribution of usage of those vocabularies follows the well-established
laws for natural language vocabularies (i.e. Zipf's law) and as such
(b) TF-IDF score calculations over those vocabularies make mathematical
sense and (c) high scoring items make interesting and useful targets for
testing. 



This paper describes a case study in analyzing a large XQuery code base
using XQuery and XML Schema introspection in an attempt to determine where to
focus testing efforts, based on this idea. For functions at least, there seems
to be some reason to conclude that the idea holds promise. Types, less so.


Several extensions to XQuery are required to perform this introspection:
a schema component API, functions to provide lists of available functions and
return types and argument types of functions. It is also convenient, in order
to implement the entire processing reasonably efficiently in XQuery, to have
map data types, a structured dump of the parse tree of XQuery modules,
filesystem access functions, and the ability to evaluated constructed XQuery
functions.


  
  
    Background

About ten years ago, a handful of developers worked on a couple thousand
lines of XQuery code, and one person manually constructed the tests to add to
automatic regression suites. All was well. As time went by, the code grew and
became more complex, the number of people manually constructing tests
increased, with additional people to manually analyze regression failures. Some
tests are automatically generated, but such tests tend to raise analysis costs
when something does fail. The time has come to think about new approaches and
find ways to focus effort.


     
     The Code Base

The code base consists of about 630 thousand lines of
XQuery code, divided roughly evenly between an old and much modified
schema-driven GUI
application for database configuration and management, more recent REST endpoint
implementations and web applications, and a collection of library modules
(including some main modules used in triggers). In total there are a little over
1500 XQuery module files, defining over 68 thousand functions. In addition, the
particular XQuery implementation associated with this collection of XQuery
modules also provides a little over 1800 built-in functions. XML schemas are
actively used to strongly type parameters: there are over 150 schema files
exposing over 12 thousand global element declarations, 26 thousand named simple
type definitions, and 7 thousand named complex type definitions. The bulk of
these schemas 
relate to XHTML, however. Setting that aside there are over 50 schema files
exposing over 7 thousand global element declarations, almost 18 thousand named
simple type 
definitions, and 3 thousand complex type definitions.


This is a live and
active body of code, ranging in age from code first written ten years ago to
functions still just being implemented today. A peculiar problem with this
particular code base is the range of syntax in play: The code ranges from
XQuery 1.0 compliant code to code using some XQuery 3.0 features or
anticipatory XQuery extensions (similar to although not necessarily identical
to proposed XQuery features) and some very old code still using some 2003 draft
syntax. Relying on the XQuery engine itself to analyze such diverse code is
helpful, because the engine already has to reconcile the syntactic differences
internally. This peculiarity does mean that third party code analysis tools
cannot be used.


  
      	XQuery code

      	Group	Files	Lines of code

      	Admin GUI	740	116714

      	Libraries	333	137983

      	REST endpoints and applications	387	101322

      	Misc. other	99	7478

    	Total	1559	363497

      



    
      	Schema Types

      	Count	Total	Non-XHTML Total

      	Files	158	56

      	Global element declarations	12324	7338

      	Named simple type definitions	26536	17866

      	Named complex type definitions	7038	3009

    



    
      	Functions

      	Group	Number of Functions

      	Built-in functions (C++)	1849

      	XQuery module functions	68191

    



  
Figure 1.Detailed statistics
      
      
      Zipf's Law and TF-IDF Scoring

  Zipf's law is an empirical observation  that
in a natural language corpus, the distribution of word frequencies (number of
occurrences, that is) varies in
inverse proportion to the rank of the word in frequency order. 
Mathematically, Frequency(R) = Frequency(1)/Rk where
Frequency(R) is the frequency of the word of rank
R and k is some constant.
If you graph the distribution on log-log axes, you get a straight line.
Such distributions are very common across various fields and
applications. This paper will consider sequence types used in function
parameters and return types as forming one vocabulary, and the names of
functions themselves forming another, and look at the frequency distribution of
these terms in the corpus of XQuery modules.
  

  TF-IDF scoring has become a standard technique for computing relevance
  of documents to full-text queries since it was introduced in 1972
  . TF stands for "term frequency" and is a count of
  how often a particular term occurs in a particular document. In the context
  of full-text search a term is typically a single word, but other terms for
  phrases or wildcards are possible. IDF stands for "inverse document
  frequency" and is the number of documents a term occurs in, as a fraction of
  the total number of documents in the corpus. The "inverse" part of IDF means
  that this number is divided, so that higher document frequencies lead to
  smaller scores.
  

  When TF-IDF scores are used to compute relevance to a query, the term
  and document frequencies of each query term are combined together.
  The technique is based on a particular probabilistic model of documents,
  but the intuition behind it is simple enough: more occurrences of a query
  term makes a document more relevant, and occurrences of query terms that only
  occur in a few documents makes a document more relevant.
  

  Various modifications and extensions of the
  technique are currently ubiquitous in modern search engines. It has also been put
  to related purposes, such as computing document similarities and
  clustering.  In these applications there may not be a query per se, but the
  set of terms is taken from the documents themselves. 
  

  Here, I will attempt to use TF-IDF scores of function calls and types as
  a way of selecting "interesting" functions and types on which to focus QA attention.
  In this model, the XQuery modules play the role of documents, function calls or types
  play the role of terms, and the terms are taken from the documents
  themselves, as one would see in a clustering or similarity application.
  

  First, we will look at the actual distributions of types and functions,
to see if computing scores makes sense at all. Where it makes sense to do so, 
we will look at computed scores qualitatively and quantitatively to try to see 
whether the high scoring items are indeed interesting targets for testing focus.
  

  
  
  
    Distribution of Sequence Types

    XQuery  functions may have declared
sequence types for their parameters and their return values. XQuery sequence
types may be either simple type names  or node
tests of some kind. It is 
possible to define sequence types that name a complex type without naming a
specific element. XQuery
3.0  also allows for functions tests.
XQuery sequence
types also have cardinality indicators, with '?' meaning a sequence of 0 or 1
instances of the base type, '*' meaning any
number, '+' meaning 1 or more, and no indicator meaning exactly 1. When no
explicit sequence type declaration is given, the sequence type is the most
generic, matching anything: item()*.
    

    
declare function my:example($x, $y as xs:string?) as element(my:result)



    
Figure 2.The declaration of an example function. The parameter $x
has the (default) sequence type item()*, $y has the
sequence type xs:string?, and the returned value has the sequence
type element(my:result).


In this code base and the underlying XQuery engine associated with it,
the built-in functions return 196 distinct declared sequence types while the
XQuery modules use 629 distinct declared sequence types. In this particular
XQuery implementation, it is not possible to declare different named element
sequence types for parameters or return types of built-in functions.
That is, a built-in function may be declared as returning
element()
but not element(my:result). 
If we consolidate all the element sequence
types for module functions, there are only 103 distinct declared sequence types.


Obviously, the sequence types used in the API form but a small part of
the total set exposed through the schemas. Only 3 named complex types are
explicitly used, from the complete set of 3 thousand (non-XHTML) named complex
types. Only 474 named elements are explicitly used, from the complete set of 7
thousand. Only 49 named simple types are explicitly used by module
functions. The overabundance of named schema components is partly because named
types and are used implicitly in the schema-driven configuration and
administration UI, and partly a matter of stylistic preference for global
element declarations and for declaring functions using generic element tests
(e.g. element()) rather than specific complex types
(element(*,my:example)). Regardless, it doesn't look like it would
be helpful to pay special attention to types or elements that are not
specifically referenced in function signatures.


    [image: Sequence type distribution (return values)]
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Figure 3.Sequence type distribution (return values)The frequency distribution of return value sequence types
      shown 
on a double log scale. The horizontal axis is the rank and the vertical axis is
frequency. The top graph shows the distribution for built-in
functions; the bottom graph shows the distribution for module functions.


    The return type frequency distribution curves in 
    Figure 3, “Sequence type distribution (return values)” do show that these return types mostly follow a
    power law distribution, although for built-in functions there is
    very substantial drop-off at ends, possibly as a consequence of the
relatively small vocabulary size.
    

    The distribution of function parameter sequence types looks very
    similar to that of function return value sequence types, including the
    drop-offs at the extremes for built-in functions, as shown in Figure 4, “Sequence type distribution (parameters)”

    [image: Sequence type distribution (parameters)]
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Figure 4.Sequence type distribution (parameters)The frequency distribution of parameter sequence types
      shown 
on a double log scale.  The horizontal axis is the rank and the vertical axis is
frequency.  The top graph shows the distribution for built-in
functions; the bottom graph shows the distribution for module functions.


    The top five return value and parameter sequence types share some
    overlap between built-ins and module functions, although there are some
    interesting differences. The atomic types map:map and
    cts:query are special built-in types, the former anticipating
    XQuery maps, and the latter in support of full-text queries. Given the
    importance of full-text queries to this implementation, the strong showing
    of cts:query is unsurprising. The strong showing of
    map:map demonstrates the utility of this feature. In both
    cases the distribution does suggest that these are important types and
    should be the focus of some QA effort.
    

    
    In this
    code base it appears that developers use strong types on parameters more
often than on 
    function return values (as indicated by the higher prevalence of
    item()* for function return values but not for parameters).
    Simple types dominate the distribution for parameter types but less so for
    return types. The high frequency of empty-sequence() in return
    types is a consequence of the fact that the implementation supports
    functions that update the data store, so many functions are called for
    effect rather than for the return value.
    

    
    Table 1Top 5 sequence types in various categories.

	Return types (modules)

    	Overall	item()*, empty-sequence(), xs:string, node(), element(configuration)

    	Simple types	xs:string, xs:boolean, xs:string*, xs:string?, xs:unsignedLong

    	Other	item()*, empty-sequence(), node(), element(configuration), node()*

    	Simple types (ignoring cardinality)	xs:string, xs:unsignedLong, xs:boolean, cts:query, map:map

    	Return types (built-ins)

    	Overall	item()*, empty-sequence(),
xs:string, xs:string*, cts:query

    	Simple types	xs:string, xs:string*, cts:query, xs:boolean, xs:unsignedLong

    	Other	item()*, empty-sequence(), element()*, element(), node()*

    	Simple types (ignoring cardinality)	xs:string, xs:unsignedLong, xs:integer, cts:query, xs:boolean

    	Parameters (modules)

    	Overall	xs:string, xs:unsignedLong, map:map, item()*, xs:string?

    	Simple types	xs:string, xs:unsignedLong, map:map, xs:string?, xs:boolean

    	Other	item()*, node(), element(configuration), node()?, element()

    	Parameters (built-ins)

    	Overall	xs:string, xs:string*, xs:QName*, xs:string?, xs:anyAtomicType?

    	Simple types	xs:string, xs:string*, xs:QName*, xs:string?, xs:anyAtomicType

    	Other	item()*, node(), node()?, node()*, item()

    



    
      Type Scores

       Given that the distribution of types follows a classic
      Zipf distribution, it is not unreasonable to apply the probabilistic
      document model on which TF-IDF scoring is based.
      

      The score of a particular term t that occurs at least
      once in the corpus of N documents is given by the following
      equation, where log is the natural logarithm,
      TF(t) is the number of occurrences of t, and
      DF(t) is the number of documents in which t
      occurs.

      Equation (a)

        score(t) = log(1+TF(t)) / log(DF(t)/N)
      


      The sequence types with the highest scores are almost all
      distinctly named elements, typically those used as important API
      elements. On the other hand, it must be said that there doesn't seem to
be any qualitative difference between distinctly named elements with high
scores and those with much lower scores. Various kinds of options
elements are scattered throughout the range of scores, for
example. element(xproc:xslt) has a much higher score than
element(xproc:xquery) but again, it is hard to see a difference in
the QA needs of these two sequence types. What are we to make of the fact that
xs:long has a much lower score than xs:integer? Not
much, I think. Perhaps the vocabulary of sequence types is too small to be
useful.
      


39.10 element(configuration)
33.70 element(opt:options)
31.55 element(forest:forest-status)*
30.14 element(flexrep:configuration)
28.85 element(plugin:plugin-model)?
28.66 element(opt:constraint)
28.18 element(rsrc:resources)
27.74 element(alert:config)
27.26 lnk:uri
27.09 element(sec:external-security)
...
14.10 xs:integer
14.04 xs:float
...
12.45 element(xproc:xslt)
12.30 xs:integer*
12.12 xs:double
...
8.33 xs:date
7.86 xs:long
...
7.35 element(xproc:string-replace)
7.35 element(xproc:xquery)
...
4.79 cts:element-attribute-value-query
4.79 element(project)*
4.64 xs:long*
4.41 cts:word-query
4.36 function(*)+
4.35 text()
4.23 element(test)*
4.07 map:map*
4.03 function()
4.00 cts:element-value-query




Figure 5.Sequence Type ScoresThe scores for the top 10, bottom 10, and some selected sequence
types in between are shown, rounded to 2 decimal places.


    
    
      Techniques

      Type frequencies for built-in functions were computed using
      some introspection APIs: a function to enumerate all the defined
      functions, and accessor functions for the return type, the arity of the
      function, and the parameter types. Function accessors defined by Holstege
       and function introspection functions defined
      in XQuery 3.0  do not quite do the job. The
      accessors defined by Holstege only give the atomic type names, not the
      full sequence types, while the XQuery 3.0 functions only give access to
      the function name and its arity. I used three additional
      built-in extension functions, one to enumerate the set of functions, and
      two to give the sequence types as string values.
      Maps kept running totals of the usage of each sequence type.
      
 
      Computing type frequencies for module functions requires a little
      more. There are two approaches: (1) use an evaluation function that
      imports a given module and uses the same approach as for built-ins, but
      only considering functions in the proper namespace, (2) dump out the
      module parse tree in a structured form and analyze it for the necessary
      information. In this case, I used the second approach, using a built-in
      extension function that dumped out the parse tree. The format of this
      dump was not, alas, XML, so fishing information out of the text relied
      heavily on the XQuery 3.0 function analyze-string.
      

      Doing everything in XQuery was convenient. Doing so meant using
      non-standard features such as maps and access to filesystem information.
      The filesystem access gave me the equivalent of a recursive
      find. It was handy, but not
      strictly necessary: one could instead use shell scripts to gather up the
      set of module names to process them, and then pass that to the analysis
      module. Strictly speaking, maps are not necessary either, but they made
      it much easier to write the analysis modules.

    
    
    
      Distribution of Functions

      Function call distributions show the same characteristic Zipf
      distribution as types (see Figure 6, “Function call distribution”, although with a
      bit of a drop-off at the upper end of the curve. The majority of the top
      10 functions are XQuery standard built-in functions, although map-related
      functions occur at rank 8 and 9. The top 10 most frequently called
      functions are:
string, concat, empty,
exists, xs:QName, error,
data, map:put, map:get,
and not.
      

      [image: Function call distribution]
        
      
Figure 6.Function call distributionThe frequency distribution of function calls
      shown on a double log scale.  The horizontal axis is the rank and the vertical axis is
frequency.


      Quite a few functions are not used within the code base at
      all. A total of 497 built-in functions are unused, although only 16
      module functions are unused. Given that there is a much larger number of
      declared module functions, the disproportionate nature of this result 
      demands comment. It turns out that the unused built-in functions include a
      number of accessor functions for special types (defined for API
      completeness), some specialized functions that just happen not to be used
      in the applications in this code base (geospatial functions, for
      example), and the 
      constructor functions for some built-in types including some relatively
      uncommon types such as xs:NOTATION. Figure 
      Figure 7 gives a rough break down.
      

      
      Table 2Characterization of the built-in functions unused in any
      module in the code base.

	Group	Percent

      	Accessors and constructors for special built-in types	30.6

      	System management and operations	16.3

      	Advanced specialized functions	14.7

      	Assorted standard functions	13.8

      	Mathematical functions	9.5

      	Assorted standard XQuery functions	6.4

      	Debugging/profiling	5.4

      	In active development	2.4

      



      
Figure 7.Characterization of the built-in functions unused in any
      module in the code base.


      The fact that certain specialized functions are not called 
      anywhere in the code base is not a problem, per se, but the fact that 
      out of an assortment of special built-in types of a particular class 
      (geospatial, for example) only a couple are not represented at all
      may warrant further investigation. It may be a sign of missing 
      functionality in higher level APIs.

      The situation with the unused module functions is better: all but
      one of the 
      unused functions have to do with features under active development or
      testing/debugging code. The remaining unused function, however, looks
      like it does represent a genuine oversight.

      
      Function Scores

       Again, since the function call distribution follows a classic
      Zipf distribution, it is not unreasonable to apply the probabilistic
document model on which TF-IDF scoring is based.
      

      
43.02 agui:navItem
42.49 admin:database-set-value
41.43 agui:navItemClosed
41.35 admin:gr-config
40.60 admin:database-get-value
39.75 agui:reindex-done
39.48 admin:db-config
38.99 admin:appserver-set-value
38.48 admin:appserver-get-value
38.04 aws:add-param
...
7.35 agui:buildHTTPServer2
7.35 converters:set-response-content-type
7.35 utils:distinct-values
7.35 conf-server:create-server
7.35 pipeline:xquery
7.35 agui:get-action
7.35 entity:call-calais
7.35 search-ast:do-parse
7.35 compile:build-zip
7.35 forest:get-default-rep
      

       
      
Figure 8.Function ScoresThe scores for top 10 and bottom 10 functions are
shown, rounded to 2 decimal places. Function namespaces have been abbreviated
to prefixes.


      A look at the functions with the highest scores was encouraging:
      the number one 
      function, called navItem, is in a notorious part of the code
      that has been subject to much revision and bug fixes. The function with
      the third highest score was its companion function
      navItemClosed. Other functions in the top ten were
      service functions used within administrative API. These service
      functions are called from many places, but only from within that one
      module. However, that one module is very large. Document size
      normalization is a common modification to TF-IDF scoring. Perhaps a similar
      normalization here would be useful.
      Most of the top 50 functions are other service functions for
      other modules that have similar calling patterns. Are these good
      functions to focus extra testing effort on?  Perhaps. Directed testing of
      such functions is likely to expose important bugs, but
      probably normal API testing would have accomplished the same thing.
      The fact that only one or two modules uses these functions does increase
      the risk that fewer developers are calling them and therefore they are more
      likely to be making (possibly unwarranted) assumptions about how they
      will be used.
      

      At the other end of the
      scale, with very low scores, are widely used functions with names like
      buildHTTPServer2 (widely used throughout the Admin UI) and
      do-parse (a key function for the search APIs) and rarely
      used functions such as call-calais and
      create-server. Are these good functions to avoid expending
      extra testing effort on? Perhaps. Certainly the very widely used functions
      would have been exercised many times in many different contexts through normal
      API testing. The rare functions have demonstrably few interactions with the
      rest of the code, so presumably the risk of not expending a lot of effort on
      testing them is low.
      

      Quantifying the usefulness of this approach is difficult. Getting a
      concrete measure for the bugginess of a particular function is hard
      as bug reports are linked only weakly to particular files, much less
      individual functions within those files. Here we will take the number of
      source control revisions within the scope of a particular function as a
      measure of how likely it is to need fixing. This is obviously an
      imperfect measure, as source changes may reflect new functionality, or
      trivial formatting changes. It is also a manually intensive measure to
      obtain. The following graph shows statistics for functions that were used
      more than once in the corpus that were defined in
      the same module as the top scoring function.
      It is an admittedly very small data set.
      

      [image: Revisions as a function of score]
        
      
Figure 9.Revisions as a function of scoreThe number of revisions made to functions as a function
      of score.


      The correlation of score to the numbers of revisions is positive,
      although not strong (R2=0.3048).
      There are other associations we might expect to have stronger or more
      meaningful correlations. For example, one might think that the number
      of revisions would correlate with the age of a function, so that older
      functions would tend to have more revisions associated with them. This
      seems to be the case. For this little data set, the number of revisions
      does have a stronger relationship to age, using a power
      function  (R2=0.6777),
      as shown in Figure 10, “Revisions as a function of age”.
      

      [image: Revisions as a function of age]
        
      
Figure 10.Revisions as a function of ageThe number of revisions made to functions as a function of
      the age (minimum revision number) of the function. A power curve gives 
      the best fit.


      Similar relationships held for functions in the hand-generated data
      for a couple of other modules as well, with scores showing a weak direct
      relationship with R2 values
      around 0.3 and age showing an inverse relationship with 
      R2 values about double that.
      

      
      However, neither of these correlations holds up well on a larger data set
      across modules, as you can see in 
      Figure 11, “Revisions as a function of score” and 
      Figure 12, “Revisions as a function of age”. The best fit line in
      both cases has R2 of essentially
      zero, virtually indistinguishable from the mean value line. The data 
      behind these numbers is much messier than the hand-generated set, as
      the automated detection of function boundaries is much more error-prone
      and tends to pull in large comment blocks and non-function declarations.
      Nevertheless, it is implausible to suggest that such factors
      overwhelm what would otherwise be an interesting correlation. A manual
      check of the statistics for a particular module from the automated
      data set showed only small deviations from the statistics from the
      manual procedure.
      

      [image: Revisions as a function of score]
        
      
Figure 11.Revisions as a function of scoreThe number of revisions made to functions as a function of
      the score, using a larger but messier data set.


      [image: Revisions as a function of age]
        
      
Figure 12.Revisions as a function of ageThe number of revisions made to functions as a function of
      the age (minimum revision number), using a larger but messier data set.


      
      
        Techniques

        Some of the same introspective functions for computing
        the distribution of sequence types in modules were used to compute the
        distribution of function calls in modules. The key technique
        involved analyzing the structured dump of the module parse tree for
        function calls, using maps to store running totals, and using
        filesystem access functions to recursively find and process all modules
        in the code base.
        

        Computing the revisions within a particular function involved
        using the source control system's ability to produce the source code
        annotated with revision numbers. The resulting output was
        chopped up into individual functions manually, with a little help from
        Emacs keyboard macros. A shell script counted up the number of distinct
        revision numbers as well as the minimum revision number for the
        function using standard Unix tools such as awk,
        sort, uniq, head, and
        wc.
        

        The larger data set began with a file containing the annotated
        source files concatenated together. The XQuery function 
        tokenize was used to chop up the file first into subfiles
        (by looking for the xquery version declaration) and then into 
        functions (by looking for declare function, and finally into 
        individual lines of code, from which the revision number was obtained.
        Maps were used to collect minimum, maximum, and
        counts of revision number.

      
  
  
    Summary and Conclusions

    XQuery introspection can be used to provide a fresh slant on a code
base, even a fairly large one. An analysis of unused schema components
(elements and types) proved largely uninteresting because stylistic
considerations for schema writing dominated actual usage requirements in the
APIs. The fact that certain extension types (in particular maps) were so common
suggests that there is a real need for providing such types as part of standard
XQuery. TF-IDF scores of sequence types did not produce any interesting
information.
    

    The analysis of function usage points in a different direction.
A look at unused functions can highlight some interesting problems, but the
most frequently used functions are mainly basic standard XQuery functions.
Looking at a combination of frequency of use and rarity across modules using
TF-IDF scoring can pinpoint some interesting functions that warrant more QA
attention. This is a qualitative judgement. Attempts to quantify the
correlation of score to quality failed, using the number of revisions applied
to the function as a proxy for quality. Relationships within one module at a
time hold up better, but are still weak.
    

    One common
modification to TF-IDF scoring is to normalize the TF values by the size of the
document. Since the high scoring functions included many that were only found in
a very large module, perhaps applying a similar normalization here would lead
to better results.
    

    To perform introspection of XQuery from within XQuery, a number of
extension functions are useful:
    

    
      	Function accessors

      	
      	list available functions as function items


      	return name of function item (XQuery 3.0 function-name)


      	return arity of function item (XQuery 3.0 function-arity)


      	return sequence type of return value of a function item


      	return sequence type of specific parameter of a function item


      	get type name from sequence type


      


      

      	Type accessors

      	
      	list global element declarations for a particular schema


      	list named simple type definitions for a particular schema


      	list named complex type definitions for a particular schema


      


      

      	Parse tree accessors

      	
      	return the parse tree for a particular module in structured form, preferably XQuery


      

      OR:

      
      	list the functions declared in a particular module as function items


      	list the functions called in a particular module


      
      
      

      

      	File system accessors

      	
      	list contents of a particular directory


      	determine whether a particular file is a directory


      


      

      	Maps

      	Provide a convenient means of keeping running totals
keyed to function names, for example
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            Abstract
This paper presents a new markup language called FtanML, together with an
                associated schema language called FtanGram, and a query/transformation language
                called FtanSkrit. FtanML was originally designed by a group of students taught by
                the author, together with Stephanie Haupt, at a summer school held in the Swiss
                village of Ftan in August 2012. It has since been taken forward by the author with
                some further involvement by the students. The idea of FtanML is to rethink markup
                from the ground up: to imagine what the world could be like if we didn't have to
                carry forward the mistakes of the past; to take what works well in current
                languages, and discard the features that do little more than add complexity. More
                mundanely, FtanML can be seen as a blend of ideas from XML and JSON: neither the
                union nor the intersection of the two, but a new language that combines the best
                features of both.

        

            Keywords: Markup Languages, Schema Languages, Document Processing Languages


        
    
    
        Introduction


        Whereas the computing community invents a new programming language almost every week,
            and the best ideas from these many experiments find their way into perhaps one
            programming language a year that sees the light of day outside the project that
            conceived it, new markup languages are rather rare, and most attempts to create them
            (such as the MicroXML projectref1) have self-imposed constraints of compatibility that
            limit the freedom of the designers to find new ways of doing things, even in areas where
            existing designs are universally acknowledged to be problematic.


        Invited to run a course at a summer school in August 2012 for a high-achieving group
            of German undergraduates, I decided to take the opportunity to remedy this. While
            enjoying the thin air of the Swiss Alps in the Romansch-speaking village of Ftan at
            1700m above sea level, the students spent the first week learning the technologies in
            the XML stack, and the second week designing a replacement. The result was FtanML. [1]


        
            FtanML Goals

            Some of the design goals the students set themselves at the end of the first week
            were:


        
                	
                    The language would be as good as JSONref3 in handling typed data, and as good
                        as XML in handling documents.

                

                	
                    The language would be more concise than XML, while still being
                        human-readable.

                

                	
                    Both a syntax and a data model would be defined; the data model must map
                        readily to data structures available in most modern programming
                        languages.

                

            


        Perhaps as important was a non-goal of which we had to remind ourselves frequently:
            compatibility with the past was not an objective. We did not want to repeat other
            people's mistakes for the sake of compatibility, whether at the level of documents,
            parsers, APIs, editing tools, or simply user expectations. Associated with this goal was
            the implicit decision that we would not compromise technical quality in the interests of
            market acceptance. The aim was to do it right, and we would not measure success by the
            level of adoption. Having said that, there was no point in being needlessly different
            when there was nothing wrong with existing designs.


        During the second week of the course we defined the FtanML markup language and object
            model, and implemented a parser using JavaCC. In the weeks after the course, some of the
            students rewrote the parser in Scala, and together we worked on extending the system
            with a type/constraint language. Inevitably, with the students dispersed to their
            various institutions, momentum was lost, but I decided that there were enough good ideas
            that it was worth bringing the design to some kind of completion. This paper provides an
            overview of the language rather than a complete specification (which remains as work to
            be done). A Scala implementation covering a significant subset is available at
            [2].

        
        
            Requirements Background

            
            XML has been remarkably successful and is widely used. It meets a wide variety of needs,
                achieves a high level of interoperability, and is not expensive to implement. 

            
            Nevertheless, over a period of 15 years' use, the drawbacks and limitations of XML
            have become well known, and are acknowledged by XML's critics and enthusiasts alike. Perhaps
            the most notable limitations and frustrations are:

            
            
                	
                    XML has been widely adopted as a serialization format for structured data, but
                    its data model has a poor fit to the type systems of most popular programming languages.
                    Hence alternatives such as JSON and YAMLref4.

                

                	
                    XML is over-complex. Many of its features are rarely used, or used only in very
                        simple ways, but still make everything more complicated. Hence MicroXML.

                

                	
                    XML cannot handle overlap or graph structures. Hence LMNLref5 and GODDAGref6.

                

                	
                    XML is verbose and inefficient. Hence the various Binary XML contenders,
                        including Fast Infosetref7 and EXIref8, as well as the adoption of custom non-XML syntax
                    for various applications such as RelaxNG and RDF in direct competition with an
                    XML syntax for the same information.

                

                	
                    XML is syntax without an agreed data model. No-one knows, for example, whether
                    CDATA sections should be treated as information-bearing or not. Similarly for comments.
                    Hence the myriad XML data models such as DOM and XDM, all of them different.

                

            

            
            So there's clearly room for improvement. A standard, once entrenched, rarely gives way 
                to a technically superior alternative: the
                QWERTY keyboard is an oft-cited example, and XML will probably be no exception. However,
                there's room for diversity, and the aim of this exercise is to explore
            what is possible. It doesn't tackle all the problems noted above (for example, there's nothing
            on overlap or graph structures); but it tries to address most of them.

        
    

    
        FtanML: The Markup Language


        This section presents the syntax of FtanML. We'll present the "data-only" core of the
            language at this stage, but with some forwards references to how the language is
            subsequently extended to enable active scripting of documents.


        A document (the unit of input to the parser) is a sequence of Unicode characters
            conforming to the grammar defined in this section. The encoding of characters as octets
            (or as scratches on clay tablets) is out of scope — it belongs in a different layer of
            the protocol stack. But if in doubt, UTF-8 is recommended.


        The document must match the value production.


        
value ::= null | boolean | number | string | list | element | richText
        


        As this production shows, there are seven kinds of value, which we will present in
            turn, starting with the simplest. The term "rich text" means text with interspersed
            markup: what the markup community traditionally calls "mixed content".

        
        Later we will introduce an eighth kind of value, namely functions. But first, let's
            start with an example.

        
        
            FtanML Example: the Purchase Order

            
            This is what the purchase order from the XML Schema Primerref2 might look like in FtanML.

            
            <purchaseOrder 
   orderDate="1999-10-20" 
   shipTo = <country="US" [
      <name "Alice Smith">
      <street "123 Maple Street">
      <city "Mill Valley">
      <state "CA">
      <zip 90952>
   ]>
   billTo = <country="US" [
      <name "Robert Smith">
      <street "8 Oak Avenue">
      <city "Old Town">
      <state "PA">
      <zip 95819>
   ]>
   comment = |<emph |Hurry|>, my lawn is going wild|
   items = [
      <  partNum="872-AA"
         productName="Lawnmower"
         quantity=1
         USPrice=148.95
         comment=|Confirm this is <strong |electric|>|
      >
      <  partNum="926-AA"
         productName="Baby Monitor"
         quantity=1
         USPrice=39.98
         shipDate="1999-05-21"
      >
   ]
>

            
        This example follows the example given in the XML Schema Primer very closely; I've
                only made one change, which is to use rich text in the comment fields. Let's compare
                it with the XML version:


            
                	
                    End tags reduce to a simple ">".

                

                	
                    The content of an element, and the content of an attribute, can be either
                        a string (in single or double quotes), a number, a boolean (not used in this
                        example), rich text (delimited with vertical bars), an element, or a list of
                        elements (inter alia). When elements have element content, the child
                        elements are enclosed in a list marked by square brackets.

                

                	
                    Since an attribute
                        can contain anything an element can contain, it's possible to use structured attributes, and I have
                        taken advantage of this. 
                        I have chosen to use attributes rather than child elements in cases where ordering does not
                    matter, and where there is only one child of the parent element with a given name: specifically
                    for the top-level properties of a purchase order, and for the properties of each item. Where
                    there is some significance in the ordering, as with the components of an address, I chose
                    to use child elements.

                

                	
                    In the list of items, the original XML has an element named
                            items, whose children are all elements named
                            item. Since the name of the child element is always the
                        same, it is redundant, so I chose to leave it out: the content of the
                            items attribute is now a list of anonymous elements.

                

                	
                    There's a difference between a singleton and a list of length one. Lists
                        are always explicitly marked with square brackets. That might be a little
                        inconvenient for authors, but it makes life a lot easier for the programmer
                        at the receiving end. (You could choose to allow the items
                        attribute to contain a single item rather than a list if only one item has
                        been ordered, but the program reading the data would then have to cater for
                        both possibilities.)

                

                	
                    For the purpose of the example I have followed the XML Schema Primer in
                        defining the ZIP code as a number, though in reality it should be a string
                        of digits, which is not the same thing.

                

                	
                    There's no ambiguity about where whitespace is and is not significant. It's only significant if it
                    appears in a string, or in rich text.

                

            

            If we compare this with how it might have been done in JSON, there are two main
                differences. Firstly, JSON provides no satisfactory way to handle the mixed content
                comments. Secondly, with JSON we would have to make a choice how to represent the
                addresses: either use an object (i.e. a map), in which case ordering information is
                lost, or use an array in which case the components have no names. A minor difference
                with JSON, or at least with official JSON, is that we don't need quotes around the
                element and attribute names.

            Now let's look at the individual constructs of FtanML.

        

        
            The null value


            
null ::= "null"
            


            There is a single value in this class, denoted by the keyword "null". It is
                borrowed directly from JSON, but plays a wider part in the data model.

        

        
            Boolean values


            
boolean ::= "true" | "false"
            


            There are two boolean values, denoted by the keywords "true" and "false".


        

        
            Numeric values


            
number ::= "-"? digits ("." digits)? ([eE] [+-]? digits)?
digits ::= [0-9]+
            


            The production rule for numbers is a little different from both the
                    DoubleLiteral of XPath 2.0 (it requires digits both before and
                after the decimal point), and the equivalent in JSON (it allows leading zeros). The
                value space is not binary floating point, but decimal. Specifically, it is the set
                of values that can be represented in the form N * 10^M where
                    N and M are integers, and N is not a
                multiple of ten. Implementations may impose limits on this infinite set.


            Why decimals? Because that's what most human beings on the planet use in their
                everyday lives. Floating-point binary is designed for machines, not for humans.
                Also, because it survives round-trip conversion to and from text without ambiguity
                or loss of precision. However, the use of decimals gives a problem with the design
                goal that it should be easy to program using conventional programming languages. We
                take a hit here: in the case of programming languages with no decimal data type,
                numbers may be converted to whatever number system that language uses. But the
                native language for processing FtanML, namely FtanSkrit, treats the values as
                decimals.


        

        
            Strings


            
string ::= ('"' (charRep - '"')* '"') | ("'" (charRep - "'")* "'")
charRep ::= (char - "\") | escape
char ::= (any Unicode character)
escape ::= (see prose)
            


            Strings are enclosed in either double or single quotes. The value space for
                strings is the set of all sequences of Unicode characters. In the FtanML
                representation of a string, these characters are represented as themselves, except
                in the case of characters that have a special meaning, notably the string delimiter,
                and the escape character "\".


            Escape sequences fall into a number of categories:


            
                    	
                        Whitespace escapes: \n, \r, \t,
                                \s, and \S represent newline, carriage
                            return, tab, space, and non-breaking space respectively.

                    

                    	
                        Formatting escapes: \ followed by a sequence of
                            whitespace characters represents nothing. This means that a FtanML
                            editor can reformat the text for display purposes by inserting or
                            removing escaped newlines without changing the actual content.

                    

                    	
                        Special character escapes: \\ for backslash,
                                \" for quotation mark, \' for apostrophe,
                                \| for vertical bar, \` for backtick,
                                \< for a left angle bracket, \[ for a
                            left square bracket, \{ for a left curly brace.

                    

                    	
                        Unicode codepoint escapes: \xHHHHH; represents the
                            Unicode codepoint whose hexadecimal value is HHHHH. This
                            may be any number of digits, followed by a semicolon. (Unlike JSON,
                            non-BMP characters are represented by the actual codepoint, not by a
                            surrogate pair.)

                    

                    	
                        Cells: \[§....§] where § is any character
                            that does not appear in the string. This is analogous to XML's CDATA
                            section, except that it can also be used in attributes: it allows a
                            literal string to appear without escaping of special characters. For
                            example a sequence of four backslashes might be written
                                \[⟡\\\\⟡]. Cells are handy for things such as regular
                            expressions and Windows filenames, and for authoring papers that
                            describe new markup languages.[2]

                    

                

            The only characters that must be escaped in strings are \,
                    { , and the character used as the string delimiter ("
                or  ').  We'll come on to the significance of curly braces
                later.

        

        
            Lists


            A list is a sequence of values. The values may be of any of the seven kinds (null,
                boolean, number, string, list, element, or rich text).


            The unabbreviated syntax is the same as for arrays in JSON:


            
list ::= "[" (value ("," value)* )? "]"
            


            For example, [1, 3, "London", null]


            Two abbreviations are allowed:


            
                    	
                         Commas may be omitted, so [1 2 3] is equivalent to
                                [1,2,3] and
                                [<first><last>] is
                            equivalent to [<first>,<last>].
                        

                    

                    	
                        The value null is implicit if there is nothing between
                            two commas, or before the first comma, or after the last. So
                                [,,] is equivalent to
                            [null,null,null]

                    

                

            The effect of these two rules is that the abbreviated syntax for lists
                becomes:

            
            
lists ::= "[" ( value | ",")* "]"
            

            
            Whitespace is needed between two values only where necessary to terminate a token; specifically, when
            one value ends with an alphanumeric character and the next starts with an alphanumeric character.


        

        
            Elements


            Elements serve the same purpose as objects (maps) in JSON and elements in
                XML.


            
element ::= "<" name? (name "=" value)* content? ">"
content ::= value
            


            Elements have three parts: an optional name, a set of name/value pairs called
                attributes, and an optional value referred to as the element's content.


            The values of attributes can be of any type: not just strings as in XML, but
                numbers, booleans, lists, elements, rich text. An attribute with the value null is
                deemed equivalent to omitting the attribute.[3]


            Attribute names within an element must be distinct.

            
            Like attributes, the content value can be of any type.

            As with lists, whitespace is needed only where necessary to terminate a
                token.


            We'll have more to say on element and attribute names later. For the moment,
                suffice it to say that the name can be any non-empty string. If the name contains
                special characters it can be written within backticks (a convention borrowed from
                the SQL world).


            Here are some examples of elements. (We haven't explained rich text yet, so we
                won't use it in any of our examples):


            
                    Table 1Examples of Elements


                            
                                	Example
                                	Explanation
                            

                        
                        
                            
                                	<>
                                	An empty element (no name, attributes, or content)
                            

                            
                                	<br>
                                	An empty element named br
                            

                            
                                	<age 23>
                                	An element whose name is age and whose content
                                    value is the number 23
                            

                            
                                	<colors ["red", "green", "blue"]>
                                	An element whose name is colors and whose
                                    content value is a list of three strings
                            

                            
                                	<x=0.13 y=0.57>
                                	An unnamed element containing two attributes, both
                                    numeric
                            

                            
                                	<polygon coords=[[1,1], [1,3], [3,2]]>
                                	An element named polygon with an attribute named
                                        coords whose content value is a list; the list
                                    contains three sublists, and each sublist contains two
                                    numbers.
                            

                            
                                	<[<i><j><k>]>
                                	An unnamed element whose content value is a list of three
                                    elements. Note the omission of the optional commas.
                            

                            
                                	<`Graduate Trainee` `date of birth`="1995-01-01">
                                	An element where both the element name and attribute name contain spaces.
                            

                        
                    
                







        

        
            Rich Text

            Rich Text (known in the XML world as mixed content) consists of characters and markup, 
                or more specifically a sequence whose members are either characters or elements.


            
richText ::= "|" (charRep | element) "|"
            


            Rich text is written between vertical bars.[4]

            
            

            For example: |H<sub|2|>O| represents text consisting of the
                character "H", an element whose name is sub and whose content is the
                rich text "2", and the character "O".


            Escapes can be used in rich text just as they can in strings. Any recognized
                escape sequence may be used; the only characters that must be escaped are "\", "|",
                "{", and "<".


            

        

        
            Whitespace

            FtanML (unlike XML) is explicit about the difference between significant and
                insignificant whitespace.


            Whitespace appearing directly within a string or within rich text is significant
                and is retained in the data model — except that a sequence of whitespace characters
                preceded by a backslash is ignored (this is formatting whitespace, used only to make
                the text more easily readable on screen or paper). Whitespace between tokens in a
                list or element is insignificant and is not retained. Whitespace is never required
                between tokens unless necessary for disambiguation.


            Note that because elements may be embedded in rich text, these rules apply
                recursively. Whitespace characters appearing between the tokens of an element that
                itself appears within rich text are not significant; it is the immediate container
                that matters. Support for rich text means that unlike JSON, this is not a two-level
                grammar where it makes sense to think of a tokenization phase followed by a syntax
                analysis phase, with whitespace being discarded during tokenization.

        

        
            Names and Namespaces


            As stated earlier, the name of an element or attribute may be any string. Names without
                special characters are called simple names; those containing special characters must be
                written with enclosing backticks (grave accent, x60), and are called quoted names.

            
            The rule for a simple name is that it must begin with a letter or underscore, and
                continue with letters, digits, or underscore. The terms "letter" and "digit" are
                defined by reference to Unicode character categories.

            
            A quoted name may use escaped characters in the same way as a string literal. The only characters
            that must be escaped are the backslash and backtick.

            
            
name ::= simpleName | quotedName
simpleName ::= [\p{L}_][\p{L}\p{D}_]*
quotedName ::= "`" ((charRep - "`") | Escape)+ "`"
             


            A name written in a FtanML document, with or without backticks, cannot be zero
                length; in the data model, however, the content value is modelled as an attribute
                with a zero-length name.

            
            There are no namespaces in FtanML.


            As a matter of convention, it is recommended that an element or attribute intended
                to be used in an alien context, that is, a context where the containing element is
                part of a different vocabulary defined by a different specification, 
                should be made unique by use of a "reverse-DNS" qualified name along the lines of
                org_w3c_xsl_transform.
 
            
            By contrast, in the normal case where an element or attribute 
                always has a containing element whose name is defined as part of the same vocabulary, 
                short names such as status or
                    name are perfectly adequate and cause no ambiguity.

            
            For interoperability with XML, there may be cases where it is desirable to
            use the same names for elements and attributes as defined in an XML vocabulary. There are two ways
            this might be done:

            
            
                    	
                        The XML expanded name can be used in Clark notation, enclosed in
                            backticks. For example:
                                [<`{http://www.w3.org/1999/XSL/Transform}stylesheet` version="2.0"...>
                        

                    

                    	
                        Prefixes and namespace declaration attributes may be used, following XML conventions:
                            <`xsl:stylesheet` `xmlns:xsl`="http://www.w3.org/1999/XSL/Transform" version="2.0"...>.
                            The FtanML system will not attach any meaning to such namespace declaration
                            attributes, but it is capable of representing them if required. 
                            Note that any name containing a colon (or various other characters such as ".") needs to be
                            backtick-quoted. 
                        

                    

                

            


        
    
    
        Data Model

        The data model for FtanML corresponds closely to the syntactic structure.


        Null values, booleans, strings, and numbers need no further explanation.


        A list is an ordered sequence of values; a list of length one is not the same thing as
            its singleton member.


        An element comprises a name (which is a string, or absent) and a set of zero or more
            name/value pairs, the element's attributes. The content value of the element is modelled
            as an attribute whose name is the zero-length string. Attributes whose value is null are
            treated as absent.


        Rich text is modelled as a sequence of strings and elements, in which no string is
            zero-length, and no two strings are immediately adjacent. But note that rich text is a
            distinct data type and is distinguishable from a list of strings and elements.
        [5]


        All values in the model are immutable; modifications always involve creating new
            values rather than modifying existing values. There is no notion of identity; it is not
            meaningful to ask whether two lists both containing the values [1,2,3] are
            "the same list", and this is also true for elements.


        These concepts have mappings to the data structures of popular programming language
            that in most cases are fairly obvious. There are a few exceptions: some languages do not
            have a natural way of representing decimal numbers; others have difficulty representing
            Unicode strings, especially strings in which the NUL character (x00) is
            permitted. The way in which such conflicts are resolved is outside the scope of this
            paper.


        A noteworthy feature of the data model is that there are no "parent pointers". It is not
            possible to navigate from a value to its container. Closely related to this, values have
            no "identity" in the sense of object-oriented data models. In this respect the data model follows JSON rather than the
            various models used to represent XML. The absence of parent references and object
            identity creates some challenges, but has many benefits in establishing a purely
            functional semantics for the processing language, and in enabling efficient
            transformation: it means, for example, that copying a subtree from one element to
            another is a very cheap operation, because the physical data can be shared.
            [6]

    
    
        The Schema Language: FtanGram

        The schema language can be used to define constraints on values, including constraints
            on entire documents. This is the only purpose of a schema; validation returns a true or
            false answer, perhaps with a stream of error messages as a side effect, but it does not
            change the data being validated in any way, except perhaps as an internal
            optimization.


        A type is thus a predicate; it distinguishes values that match the type from those
            that do not.


        A schema is a set of named types. The seven named types null,
                boolean, number, string, list,
                element, and text are always available; other types are
            user-defined.


        Types have a representation as FtanML elements, and we will use this representation in
            discussing types. However, the element used to represent a type must not be confused
            with the type itself.


        The convention for type representations is to use elements such as
                <number gt=0 le=1000>, where number is the
            name of a base type, and attributes such as gt=0 and le=1000
            define constraints. These attributes are referred to as facets. If there are multiple attributes, they define multiple
            constraints, which are independent and orthogonal. In this example, the gt
            facet defines a minimum value (exclusive), while the le facet defines a
            maximum value (inclusive). Specifying a base type is often unnecessary — in this example
            every value that can be greater than zero is necessarily a number, so every value that
            satisfies the predicate will also satisfy the base type. However, including the base
            type can still be useful to aid clarity.

        
        Although we speak of "base type" here, there is no type hierarchy. One value can
            belong to any number of types, and although it may be true that one type subsumes
            another, the language makes no use of the fact. Naming a base type in a type
            representation merely indicates that to satisfy the type, a value must satisfy all the
            constraints imposed by the base type in addition to the facets explicitly listed.

        
        Before we get into a detailed exposition, we'll again start with an example.

        
        
            FtanGram Example: the Purchase Order Schema

            
            In this section we present the schema for the purchase order shown earlier.
            This is based on the example schema in the XSD primer, modified to correspond
            with the way we restructured the instance document to take advantage of FtanML.

            
            
 <org_ftanml_schema [
  <import "ftan_calendar.ftg">
  <types
   purchaseOrderType = 
     <element form=<purchaseOrder 
                      shipTo=<addressType>
                      billTo=<addressType>
                      comment=<nullable<text elements=<inlineType>>>
                      items=<occurs=[1,] <itemType>>
     >
   addressType = 
     <element form=<  country=<eq="US">
                      <seq [ <element form=<name <string>>>,
                             <element form=<street <string>>>,
                             <element form=<city <string>>>,
                             <element form=<state <string>>>,
                             <element form=<zip <number>>>]>
     >
   itemType =
     <element form=<  partNum=<SKUType>
                      productName=<string>
                      quantity=<number ge=1 lt=100 step=1>
                      USPrice=<number ge=0 step=0.01>
                      comment=<nullable<text elements=<inlineType>>>
                      shipDate=<nullable<org_ftanml_calendar_dateType>>
                   >
     >
   inlineType = 
     <element elemName=<enum=["ital", "bold"]> 
              form=<<inlineType>>
     > 
   SKUType = <string pattern="\[#\d{3}-[A-Z]{2}#]">  
  >   
]>

            
            Looking at this in a little detail, we see:

            
            
                    	
                        A schema is a set of named types. Some of these types are defined inline, some (in this case
                        org_ftanml_calendar_dateType) are imported from an external type library.

                    

                    	
                        Elements are defined using the form
                            attribute. The value of this attribute is a proforma element. The name
                            of the proforma element matches the name of the instance element; the
                            attributes of the proforma element define the types of the attributes of
                            the instance element; and the content value of the proforma element defines
                            the type of the content value of the instance element.

                    

                    	
                        An optional attribute is given a type such as
                                <nullable<T>>. This reflects the fact that
                            an absent attribute is equivalent to an attribute that has the explicit
                            value of null; so as well as the normal type of the attribute, the
                            schema must also allow it to take the value null.

                    

                    	
                        Note the use of a "cell" for escaping the regular expression in the pattern facet
                        for SKUType. This helps to avoid clutter in a string that makes generous use
                        of special characters, especially backslashes.

                    

                

        
        
            Constructing Types


            The construct <value> represents a type that matches
                every value.


            Given types T, U, V, the construct
                    <anyOf [T, U, V]> represents the union of these types,
                while <allOf [T, U, V]> represents their intersection.


            For example, <anyOf [<number>, <string>]> allows numbers
                and strings, while <allOf [<positive>, <even>]> allows
                values provided they satisfy both the (user-defined) types positive and
                    even.


            For convenience, the construct <nullable <T>> is equivalent
                to <anyOf [<T>, <null>]>: that is, either T or
                null. Thus <nullable <number>> matches either a number, or
                null.


            An enumeration type can be defined using the construct
                    <enum=[A,B,C,...]>. For example,
                    <enum=["red", "green", "blue"]> matches the three
                specified strings and nothing else. A singleton enumeration can be defined with the
                    eq facet: for example <eq=""> matches the
                zero-length string only.


            The construct <not <T>> denotes a type that matches all
                values that are not instances of T. This can be useful in constructing
                more complex types; for example <not<eq="">> matches all
                non-empty strings, while <allOf [<number>, <not <eq=0>>]>
                matches values that are numbers and that are not equal to zero.


            The most general way of defining a restriction is with an assertion facet, for
                example: <assert={$.startsWith("abc")}>. To understand
                assertions, however, we need to look at the scripting language, which comes later in
                the paper. (The curly braces signal that the value is a function; this represents an
                extension to the base FtanML syntax which is used only in scripts.)

        
        
            Restricting numbers

            Numeric ranges may be defined using the four attributes ge,
                    gt, le, and lt, corresponding to the XML
                Schema facets minInclusive, minExclusive,
                    maxInclusive, and maxExclusive, together with the
                facets eq and ne which are applicable to all values. For
                example, the type consisting of numbers in the range 0 to 100 inclusive may defined
                as <number ge=0 le=100>. (As mentioned earlier, the element
                name number is redundant, because only a number can satisfy the other
                constraints.) 

            A step facet constrains the number to be an integer multiple of the
                given increment. The most common values (both found in our example schema) are 1,
                which requires the value to be an integer, and 0.01, which is often suitable for
                currency amounts. Specifying step=17.2 would be unusual, but is
                perfectly legal. The facet does not constrain the way the value is written, for
                example an integer can be validly written as 1.00000.

        
        
            Restricting strings

            Strings may be restricted using a regular expression, for example
                    <string pattern="[A-Z]*">. There are no special facets
                for defining a minimum, fixed, or maximum length, since regular expressions are
                sufficient for this purpose.


        
        
            Restricting lists


            A list can be constrained with a grammar. A grammar is a facet like any other:
                just another way of defining a restriction on the content, and it is defined in the
                same way: <list grammar=....>. A simple grammar might allow a list
                to consist of a sequence of zero or more numbers. This would be defined like
                this:

            
            
<list grammar=<number occurs=[0,]>>                


            
            To take another example, a grammar might require a value to be a list comprising a
                string, a number, and a boolean. Here is the definition:

            
            
<list grammar=<seq [<string>, <number>, <boolean>]>>                


                
                Unlike most schema languages in the XML world, grammars can constrain any
                sequence of values, not only a sequence of elements. In principle, if there are
                subtypes of string representing nouns, verbs, and so on, then a grammar could
                constrain a list to contain a sequence of words making up an English
                sentence.

            
            The "alphabet" of the grammar — the set of tokens it recognizes — is the
                set of types. The fact that a value might belong to more than one of these types does not
                matter. The grammar exists not to define an unambiguous parse tree of the input, but
                only to determine whether the input is valid against the type definition or not.

                
                A grammar can be represented as a tree of particles. Each particle consists of
                a term (what does it match?), and a repetition indicator (how often does it match?).
                For leaf particles, the term is a type. Non-leaf particles are either sequence
                particles or choice particles, and in each case the term is the set of child
                particles in the tree.

                    
                The value of the grammar facet is an element representing
                the root particle in this tree.

            
            The three kinds of particle are represented as follows:

            
            
                	A sequence particle is represented by an element named seq; an optional
                            occurs attribute; and content which is a list containing
                        the child particles in the tree. For example:
                            <seq occurs=[0,] [<white>,<black>]>, which
                        matches an alternating sequence of values of types <white>
                        and <black>.


                	A choice particle is represented by an element named choice; an optional
                            occurs attribute; and content which is a list containing
                        the child particles in the tree. For example:
                            <choice occurs=[0,] [<white>,<black>]>, which
                        matches sequence of values, each of which can be either of
                            <white> or <black> type.


                	A leaf particle is represented by the same element used to describe the type, augmented if
                        necessary with an occurs attribute. For example
                            <number>, or <number occurs=10>.
                        The occurs attribute defaults to 1; it appears alongside the
                        attributes defining facets of the type, though it is not really a property
                        of the type, but rather of the particle referring to the type.


            

                    
            The value of the occurs attribute is either an integer (indicating a
                fixed number of occurrences), or a list of size two (indicating a range with a
                minimum and maximum). The first item must be an integer, the second can be either
                another integer, or null to indicate an unbounded range. For example
                    [0,1] indicates an optional particle (zero or one occurrences),
                    [0,] indicates zero or more, and [1,] indicates one or
                more. The default is occurs=1.

            

            Some further examples of grammars are shown in the table below:


            
                    Table 2Examples of Grammars


                            
                                	Example
                                	Explanation
                            

                        
                        
                            
                                	<seq [<string>, <number>, <number>]>
                                	A string followed by two numbers
                            

                            
                                	<seq [<string>, <number occurs=2>]>
                                	A string followed by two numbers
                            

                            
                                	<occurs=[0,] <seq [<string>, <number>]>>
                                	An alternating sequence of strings and numbers
                            

                            
                                	<enum=["red", "green", "blue"] occurs=[1,]>
                                	A sequence of one or more strings each taken from a defined
                                    set of colour values
                            

                            
                                	<occurs=[0,100] <choice [<string>, <number>]>>
                                	A list of up to 100 items, each of which may be either a
                                    string or a number. Note that when the sub-particles of a choice
                                    are leaf particles, an alternative approach is to define a union
                                    type using <anyOf>
                            


                        
                    
                




            Many of these examples serve the purpose that in XML Schema would be achieved
                using simple types of variety list or union. But of course, in the document markup
                tradition, grammars are commonly used to define sequences of elements, and we will
                see examples of this in the next section.



        
        
            Restricting elements

            
 
 
            The simplest way to place restrictions on elements is by use of the form facet. 
            Its value is an element, known as a proforma, which works as follows:

            
            
                	The name of the proforma element constrains the name of the target element.


                	The attributes of the proforma element constrain the attributes of the target element.


                	The content value of the proforma element constrains the content value of the target
                        element.


            

            
                
            For example, the proforma:


            
                <img height=<number> width=<number> <null>>
            


            represents an element whose name must be "img", whose height and
                    width attributes must be numbers, and whose content value must be
                absent (null).

            
            This proforma can be used to define an element type like this:

            
            
                <element form=<img height=<number> width=<number> <null>>>
            


            Like all facets, a proforma can only define restrictions. If the proforma includes
                no element name, then it places no restrictions on the element name. If a particular
                attribute is not present in the proforma, then it places no restrictions on the
                presence or content of that attribute. If the proforma has no content value, then
                the content value of the target element is unconstrained.

            
            If an attribute is to be optional, this can be indicated by permitting null as the
                value: for example writing height=<nullable<number>>
                indicates that the height attribute must either be a number, or null.
                Recall that omitting an attribute is the same as giving it a value of null.

            
            Some additional facets are available for elements for use where the proforma construct is
            insufficiently expressive:

            
            
                	The elemName facet defines the type of the element name.

                    For example 
                        <element elemName=<enum=["i", "b", "u"]>> constrains the element
                        name to be one of the names listed.


                	The attName facet defines the type that all attribute names must conform to (for
                        example, as an enumeration, or by means of a pattern). This is the easiest
                        way of prohibiting attributes from appearing (the other way is to constrain
                        the value to be null). For example, attName=<ne="xmlns">
                        would disallow the attribute name xmlns; this constraint could
                        also be expressed in the proforma as xmlns=<null>.


                	For convenience, as an alternative to using a proforma, the content of the element can be
                        constrained using the content facet. The value is a type. For
                        example, content=<boolean> constrains the content to be the
                        boolean value true or false, while content=<null> constrains
                        it to be null (which can be achieved either by omitting the content, or
                        using the FtanML keyword null).


                
            

            
            We can now see how to define an element type that participates in the content model of another
            element type. Suppose we have an element named items whose children are
            elements named item with string content. We can define the type of items
            like this:

            
            
<element form=
  <items 
    grammar=<element form=<item <string>> occurs=[0,]>
  >  
>

            
            (I find it useful when writing such constructs to ensure that every angle bracket is aligned
            either vertically or horizontally with its partner, and to limit the nesting of angle brackets on a single
            line to about 3.)


 

            Content models like this would quickly become unwieldy if the whole structure had
                to be defined inline. In addition, it would not be possible to reuse types in
                different parts of the model. It is therefore possible for the definition of one
                type to refer to other types by name. The above example could be expressed using named
                types in a schema, thus:

            
            
<types
  itemsType = <element form=<items <grammar=<itemType occurs=[0,]>>>>
  itemType = <element form=<item <string>>>
>

            
 
        
        
            
                Restricting Rich Text

                
                Most of the time, the only restriction that needs to be placed on rich
                text is to define what elements may appear within it. This is done with
                an elements facet, whose value is a type. 
                All elements appearing in the text must conform to this type.

                
                We don't expect it to be used very often, but FtanML also allows rich text to
                be constrained with a grammar. The rules for defining a grammar are exactly the same
                as for lists, and they define the grammar when the text is considered as a list
                containing strings and elements. For example, a grammar might define that the first
                thing to appear is a headword element, and after that there are no
                constraints.

                
 
            
        
            Uniqueness and Referential Constraints

            As with XML Schema, definition of constraints takes advantage of the processing
                language, so this section contains some forward references to facilities not yet
                introduced.

            Uniqueness is enforced by a function-valued facet. For example:

            <list unique={$@id}>

            expresses a contraint on a list of elements stating that among the elements in
                this list, all attributes named id must have distinct values. Null
                values are excluded. This facet can be applied to lists and elements; in each case
                the supplied function is used as a mapping function, and is applied to each item in
                the list or each attribute of the element, as if by the ! operator; the
                value is invalid if the resulting list contains any duplicates. So a simple
                constraint that all the numbers in a list of numbers be unique can be expressed as
                    unique={$}; a constraint that the names of the attributes in an
                element should each start with a different letter can be written
                    unique={substring($, 0, 1)}, and a constraint that all the non-null
                attributes of an element should have distinct values can be expressed as
                    unique={$2} (when a mapping function is applied to an element, the
                first argument $ is the attribute name, and the second argument
                    $2 is the attribute value).

            Referential constraints are enforced by a similar facet whose value is a pair of
                functions, one of which selects the references (foreign keys) and one the target
                identifiers (primary keys):

            <ref=<from={$@ref} to={$@id}>>

            The rule is that the set of values selected by the from function
                (again excluding any nulls) must be a subset of the set of values selected by the
                    to function.

        
        
        
        
            Queries and Transformations: the FtanSkrit Processing Language

            FtanSkrit is a functional, weakly-typed, Turing-complete programming language for
                manipulating instances of the FtanML data model. It is an expression language with
                full orthogonality: any expression can be used as an operand of any other
                expression, subject only to rules on operator precedence and type
                constraints.

            A program in FtanSkrit is written as a function (a function which typically takes
                a source document as input and produces a result document as its result). The body
                of a function is an expression, and this exposition of the language will focus on
                the different kinds of expression that can be written.

            The data model that can result from parsing a FtanML document, as we saw earlier,
            can contain seven types of value: null, boolean, number, string, list, element, and
            text. We also mentioned an eighth type of value, namely a function. Functions can appear
            in the data model anywhere that the other seven types of value can appear, for example
            as the value of an attribute in an element, or as the value of an item in a list.

        Because expressions can be nested arbitrarily, it's not easy to define the different
            classes of expression without forward references to concepts that haven't been explained
            yet, and it's also rather difficult to know where to begin. But because functions are so
            important and central, that's where I'll start.

            

            
                Functions

                There are two important kinds of expression associated with functions: function
                declarations and function calls.

                
                    Function Declarations

                A function is written as an expression enclosed in curly braces. Here's a
                    function that computes the sum of its two arguments: {$1 +
                    $2}

            References to parameters are written $1, $2 etc, where
                        $N refers to the Nth supplied argument in the function call.
                    The expression $ can be used in place of $1 to refer
                    to the first argument, and is particularly useful for functions that expect a
                    single argument. It can be used in rather the same way as . (the
                    context item) in XPath, and plays a similar role to _ in languages
                    such as Perl or Scala.
 
                For example, a function that returns true if the supplied element has a name
                    might be written {name($) != null}.

                Functions have no name, but can be bound to named variables, in which case the
                variable name serves effectively as a function name. Functions in the system library
                are bound to predefined variables. 

                A function does not have a fixed arity. The example function {$1 +
                        $2} expects two arguments, but it can be called with more than two
                    arguments (excess arguments are ignored), or with fewer than two (unsupplied
                    arguments default to null).

                The expression $$ returns all the supplied arguments in the form
                    of a list. This makes it possible to write functions that take a variable number
                    of arguments: the actual number is accessible as count($$). 

                Functions can refer to variables defined outside the function body, which
                    become part of the closure of the function, to be used when it is
                    evaluated.

            Within the body of a function, the variable self is bound to the
                    function itself. This makes it easy to write anonymous recursive functions: for
                    example a function to compute the sum of its arguments can be written as
                        {if empty($$) then 0 else $ + self(tail($$))}. We'll see later
                    how to write mutually-recursive functions.

                Because a function is an expression, it can be used anywhere an expression can
                appear; for example as the value of an attribute in an element. This allows an
                element to be used as a map from strings to functions, which is very like
                Javascript's notion of an object. This enables a kind of polymorphism.

                Sometimes it is useful to design a function so that parameters are supplied by
                    name rather than positionally. The can be achieved by writing the function to
                    accept an element as its argument. The caller might supply the arguments like
                    this: f(<x=2 y=3>); and in the function body the supplied values
                    can then be referenced as $@x or $@y.

                Functions do not declare their arguments explicitly. As a matter of convention,
                when writing a public function it is good practice to bind the supplied parameters
                to variables along with a type check. For example the following implementation
                of the indexOf function starts by giving names to its arguments and checking their type,
                    which simultaneously makes the function more robust and more readable.
                [7]

                
let indexOf = {
  let Array = $1.as(<occurs=[0,] <number>>);
  let Search = $2.as(<number>);
  0..count(Array)-1?{Array[$]=Search}
  }

                Because argument types are not declared, it's up to the implementor of a function
                what to do when the caller supplies arguments of the wrong type. There are no implicit conversions
                defined as part of the call mechanism. The preferred approach is to throw an error, which
                can be readily achieved using the coding style in the above example.

                
                
                    Function Calls

                    
                    If F is an expression that evaluates to a function, then the
                        function may be called with arguments x and y using
                        the expression F(x, y).

                    
                    If f is a variable whose value is a function, and if the function
                        has at least one argument, then a function call can be written either as
                        f(x,y) or as x.f(y). 

                    
                    As in XPath 3.0, partial function application (currying) is possible by
                        supplying ? for one of the arguments: contains(?, ':')
                        returns a function whose effect is to test whether its first argument is a
                        string that contains a colon.

                    
                    Some built-in functions can also be invoked using an infix operator. For
                        example the + operator corresponds to the plus
                        function; a + b has the same meaning as plus(a, b) or
                        a.plus(b). All the operators in the language, including higher-order operators, are defined
                        in terms of functions, to allow them to be passed as arguments to higher-order
                        functions.

                    The names of built-in functions always use the ASCII alphabet; for
                        some operators we have allowed ourselves the luxury of reaching beyond ASCII,
                        but users can always avoid relying on such operators and can use the function
                        name instead.

                    
                    
                
                
            
            
            
            
            
                List and Element Constructors

                
                The syntax of lists and elements is extended so that expressions may appear
                anywhere the FtanML syntax allows a value. 

            For example, the expression {[$, $+1, $+2]}(5) returns the list [5,
                6, 7].

            Lists in FtanML are not automatically flattened, so the expression [1 to 5,
                    10] produces the length-2 list [[1,2,3,4,5],10] rather than
                the length-6 list [1,2,3,4,5,10]. The latter result can be achieved
                either by applying the flatten() function explicitly, or by using list
                concatenation/append operators: for example (1..5).append(10).

            In an element constructor, expressions can be used to compute the values of
                attributes, but cannot be used to compute their names. The value can be expressed
                either as a parenthesized expression, or using a string or text value containing
                expressions embedded in curly braces: <img size=(x+1) caption="Figure
                    {n}">. The same applies to the content value. Note that curly braces are
                used only for inline expansion of strings and text (and for writing functions); to
                compute general structured content, parenthesized expressions should be used. The
                expression:

                <job-titles (distinct-values(employee@job-title))>

                might generate

                <job-titles ["Manager", "Programmer", "Bottle-Washer"]>
  
            A null value for an attribute indicates the effective absence of the attribute, so
                the expression <size x=(a+1) y=(if a=2 then 3 else null)> might
                produce the output <size x=3>.

            More specifically, in an element constructor, the value of an attribute, or of the
                content value, can take any of the following forms:

                
                    	A literal value, for example a=3 or a="blue" or
                        a=false.


                    	A string or text value with embedded expressions enclosed between curly braces, for example
                            a="Chapter {n}" The value of the attribute is obtained by
                        evaluating the embedded expressions as strings and inserting the resulting
                        strings into the text.


                    	A list constructor, for example a=[n, n+1, n+2].


                    	An element constructor, for example a=<x=(n+1) y=(n+2)>


                    	
                    A parenthesized expression, for example a=(n+1)

                

                	
                    A function, for example a={$+1}. In this case the value of
                        the attribute is the function, not the result of evaluating the
                        function.

                

                

                    
            Where element constructors cannot be used because the element or attribute names
                are not known statically, functions can be used to construct an element. For
                example:

            
element("img").add("x", 3).add("y", 5).add("", "An image")
}

            Here the function call element("img") constructs an element with a
                given name, and the add() function adds an attribute with a given name
                and value (copying the element to create a new element). The last call adds the
                element content, represented as an attribute with an empty name. It should be
                remembered that although we use the term "element", FtanML elements will not only be
                used in the way that XML elements are traditionally used, but also in the way that
                maps are used in other programming languages, where the keys (attribute names) are
                highly dynamic: indeed, to satisfy the kind of use cases for which maps are being
                added to XSLT 3.0.

            Rich text (mixed content) is constructed as a list of strings and elements, which
                is then converted to rich text by applying the toText()
                function.

                
            

            
                Conditional Expressions

                The syntax for a conditional expression is:

                
                "if" expression "then" expression "else" expression
            

                There is no need for parentheses (though you can use them if you like, for old
                time's sake). The "else" branch is mandatory, partly to avoid choosing an arbitrary
                default (null?) and partly to prevent the dangling-else ambiguity when conditional
                expressions are nested. For example:

 
 
 if $ = 0 then x else y
 

                

                A simple try/catch construct is provided:


                
                "try" expression "catch" function
            


                which returns the result of the expression unless an error occurs during its
                    evaluation, in which case the catch function is called, supplying error
                    information as its argument, in the form of an element with attributes
                    representing the error code and error description.


                For example, the following catches a divide-by-zero error (we assume use of
                    the XPath error codes), and returns null if it occurs; otherwise the error is
                    re-thrown:


                
                try (x.div(n)) catch {if $@code="FOAR0001" then null else error($)}
            


                A function orElse allows a default to be substituted when a value
                is null. For example a.orElse(0) returns the value of a
                unless it is null, in which case it returns zero. This function could be defined as
                    {if $1=null then $2 else $1}.


            

            
                Variables

                Variables have simple names (no "$" prefix, no backticks). The names
                    true, false, and null are reserved: they
                are used syntactically like variables, but have fixed predefined values. Language
                keywords such as if and let are also reserved: unlike
                XPath, this is possible because bare names are not used to refer to elements and
                attributes in input documents.

                Variables may be declared using the construct:


                
                LetExpression ::= "let" name "=" expression; expression
            


                which evaluates the second expression with the named variable bound to the
                value of the first expression; for example let x=2; x+x returns
                4.


                Variables declared in this way are available only after they have been
                    declared. An alternative style of declaration allows forwards references to
                    variables, which is necessary when writing recursive functions. This style uses
                    element notation: 


                
                let <
                  even = {if $=0 then true else odd(abs($)-1)}
                  odd  = {if $=0 then false else even(abs($)-1)}
                >;
                even(32)
            


                With this approach, all the variables declared as attributes of the same
                    element are in scope within each others' declarations, failing dynamically (or
                    in the worst case, failing to finish) if this results in non-terminating
                    recursion.

            

            
            
                Equality and Other Comparisons


                The eq function (operator =) is defined over all
                values. To be equal, two values must have the same fundamental type (this means, for
                example, that the string "John" is not equal to the rich text
                    |John|). Strings are compared codepoint-by-codepoint. Lists are
                equal if they have the same size and their items are pairwise equal. Elements are
                equal if they have the same name, and if there is a one-to-one correspondence of
                attributes in which both the attribute names and the corresponding values are equal
                (the content value is treated here as an attribute). Two texts are equal if the two
                sequences of strings and elements making up the texts are pairwise equal.

                Defining equality for functions requires further work. Some languages such as
                ML and Haskell make equality of functions undefined, but this would mean that
                equality of lists and elements containing functions also becomes undefined.
                Currently my preference is to make equality of functions implementation-defined,
                subject to the proviso that two functions can only be equal if all invocations are
                guaranteed to return equal results. It would be useful to attempt a more careful
                definition, for example one that guarantees that the result of the expression
                    let a=b; a=b is always true, but formalizing this is not easy
                without introducing some notion of identity.


                The ne function (operator !=) is the inverse of
                        eq.


                Ordering (specifically, the functions le, lt,
                        ge, gt, and their corresponding operators
                        <=, <, >=,
                        >=) is defined over numbers and strings only. Strings are
                    sorted in Unicode codepoint sequence.


                Testing whether a value V is present in a list A
                (the equivalent of the = operator in XPath) is sufficiently common that
                we provide a function, in(V, A) with corresponding operator ∊ (x220A).
                The function in(V, A) can be defined as {let V=$1; let A=$2;
                    exists(A?{$=V})}. (This uses a filter operator which we will introduce in
                due course.)


                A collation is modelled as a set of functions. Specifically, a collation for a
                particular language, say Swedish, is obtained using the function call
                    collation(<lang="se">). This returns an element, whose
                attributes are functions. One of these functions is a sort function, so to sort a
                list of strings using Swedish collation, one can write
                    collation(<lang="se">)@sort(input). Other functions available as
                attributes of a collation include comparison functions eq,
                    le, etc, and collation-sensitive versions of other functions that
                involve string comparison such as in, min,
                    max, indexOf, contains,
                    startsWith, endsWith, substringAfter,
                    substringBefore.

                
                Comparing A = null returns true if A is null, 
                false otherwise. (This is not as obvious as it might seem, given the semantics in some
                other languages.)

            

            
                Operations involving Types


                The function isA tests whether a value belongs to a given type.
                    Types are represented using the element representation introduced in an earlier
                    section. For example, x.isA(<number ge=0>) returns true if the
                    value of x is a number and satisfies the facet ge=0.
                    Recall that a type is a predicate, not a label associated with a value, so this
                    tests whether the value meets all the constraints defined by the type, not
                    whether the value carries any particular type label.


                For convenience, the functions isNull, isBoolean,
                    isNumber, isString, isList,
                    isElement, isText, and isFunction are
                available to test for membership of the primitive types.


                The function as is similar to isA, but instead of
                    returning a boolean indicating whether or not the value is a member of the type,
                    it returns the value unchanged if this is the case, and throws an error
                    otherwise. We saw this function used to check the arguments to a function call.

                
                For convenience, the functions asNull, asBoolean,
                    asNumber, asString, asList,
                    asElement, asText, and asFunction are
                available to test for membership of the primitive types. In each case, they return
                the argument unchanged if it matches the corresponding type, or throw an error
                otherwise.


                Functions for conversion of values have names such as toString,
                    toList, and toText. There are no general rules here;
                as in other languages, the rules for what can be converted to what are inherently
                ad-hoc. 

            The parse function takes a FtanML lexical representation of a value
                and returns the corresponding value; conversely, serialize takes a
                value and returns its FtanML lexical representation. 


            
            
                Boolean Functions and Operators

                The functions and, or, and not are
                    available. The first two have equivalent operators && and ||.

                The argument must either be a boolean or null; there is no implicit conversion
                to boolean as in XPath. If an argument is null, the operators implement three-valued
                logic as in SQL, for example (null||true) is true.

                Order of evaluation is not defined; programmers should not assume that the
                second argument will only be evaluated if it is required. (This rule might seem
                unnecessary in the absence of side-effects, but it becomes important when defining
                the terminating conditions of a recursive function. Like XPath, we choose to allow
                optimizers the freedom to re-order the terms in a predicate, which can be important
                when indexes are available on large data sets.)


            
            
                Numeric Functions and Operators


                The functions plus, minus, times,
                    div, idiv, and mod are defined; the first
                four have corresponding operators +, -, *,
                and /. Arithmetic is performed in decimal. Division by zero is an
                error; the precision of the result of division is implementation-defined, as are
                limits on the value space.

                Additional functions abs, round, floor,
                        ceiling have the same effect as in XPath.

                The function parse may be used to convert a string to a number.
                    Writing parse(X).asA(<number>) checks that the value was
                    indeed numeric.

                Supplying null to an arithmetic function or operator results in the value
                    null. Supplying any other non-numeric value causes an error. There is no
                    implicit conversion of strings to numbers.

                Aggregation functions sum, avg, min,
                    max work as in XPath.

                The function to or its equivalent operator ..
                returns a list of consecutive integers, for example 1..5 returns the
                list [1,2,3,4,5].


            
            
                String Functions and Operators

                The toString function can be applied to any value without
                exception to convert it to a string. If the input is already a string, it is
                returned unchanged. If the input is a boolean, number, or null, the result is the
                same as the FtanML literal representation of the value. If the input is a list, the
                result is string-join($!toString, " "), that is, the space-separated
                concatenation of the string values of the members of the array. If the input is an
                element, the result is string(content($)), that is, the string value of
                the element's content. If the input is rich text, the result is
                    string-join($.toList()!toString), that is, the concatenation
                (without space separation) of the string-values of the strings and elements making
                up the text. If the value is a function, the resulting string begins with "{" and
                ends with "}", and is otherwise implementation-defined; it is not necessarily a
                string that can be parsed and executed as a function.


                String concatenation can be achieved conveniently using string templates, for
                example "See section {s} in chapter {n}". This mechanism can be used
                wherever a string literal is permitted. The result of the enclosed expressions is
                converted to a string if necessary, by using the toString
                function.


                Generally FtanSkrit avoids implicit conversion. For example, if rich text is
                to be compared to a string, it must be converted to a string explicitly. When null
                is supplied to a function that expects a string, it is generally treated as a
                zero-length string (but this is a convention adopted by the functions in the
                built-in function library; it is not a feature of the language). 

                Other functions are available as in XPath. Counting of characters in a string,
                    however, starts at zero. The basic built-in functions use codepoint collation;
                    equivalents using a different collation can be obtained as attributes of the
                    collation.


            

            
                Functions and Operators on Lists


                The number of items in a list A is obtained using
                    count(A) (or equivalently, A.count()).


                The construct A[n] selects the n'th item in list A.
                This construct is never used for filtering, only for subscripting. If n
                is out of range, the expression returns null. This operation is also available as a
                function itemAt(A, n).


                The function cat(a, a) (operator ++) concatenates
                two lists. The function append(a, i) (operator +~) appends
                an item to a list, while prepend(i, a) (operator ~+)
                prepends. Thus for example 0 ~+ [1,2,3] ++ [4,5,6] +~ 7 returns the
                list [0, 1, 2, 3, 4, 5, 6, 7]. 


                The function head(a) is equivalent to a[0], while
                        tail(a) equates to remove(a, 0).


                The function flatten flattens a list: it creates a new list in
                which any non-list items in the argument list are copied to the new list, and any
                list items are processed by copying their contents. This only works one level deep.
                So flatten([[1,2],[3,[4,5]]]) returns
                [1,2,3,[4,5]].


                Functions index-of, remove, subsequence
                work as in XPath, except that indexing starts at zero. The
                    insert-before function inserts a single item at a specified
                position; if the supplied item is a list, it becomes a nested list (there is no
                flattening).




                The function toList works as follows: if the argument is a list,
                it is returned unchanged. If the argument is rich text, it is converted to a list
                whose members are (non-zero-length) strings and elements. In other cases, the
                function creates and returns a singleton list in which the argument is the only
                item. This function is useful because it makes it easier to process different types
                of content in the same way: a single element looks the same as a list of elements of
                length one, which looks the same as mixed content comprising a single element; a
                single string looks the same as mixed content containing no elements.


                The function forEach, or the equivalent operator !,
                applies a function to every item in a list. So forEach([1,2,3], {$+1})
                returns [2,3,4]; this can also be written [1,2,3] ! {$+1}.
                Similarly, [1,2,3]!toString returns ["1", "2", "3"]. Note
                that this is a non-flattening mapping operation; the result list will contain
                exactly the same number of items as the input.


                Another example: (1..5)!{<br>} returns
                    [<br>, <br>, <br>, <br>, <br>]


                The function select, or the equivalent operator ?,
                applies a function to every item in a list and returns a list containing those items
                for which the function returns true. So select([1,2,3], {$>=2}) returns
                    [2,3]; this can also be written [1,2,3]?{$>=2}.
                Similarly, [1,2,"London"]?isNumber returns [1,2].


                The result of the select operator or function is always a list,
                even if only one item is selected. If it is known that the predicate will select
                exactly one item, it is necessary to extract that item from the result, typically by
                a call on head, or by using the subscript operation
                    (A?P)[0]. Because this is a common operation, the operator
                    ?? is provided, equivalent to ? followed by
                    head(): it selects the first item found, or null if nothing was
                matched. A query to find a singleton can now be written, for example
                    items??{$@id='xyz'}. 


                The functions all and some can be used in
                conjunction with the forEach (!) operator to perform
                universal and existential quantification: they test whether a list consists entirely
                of boolean true values (all), or contains at least one true value (some). So, for
                example all([1,2,3]!{$>0}) returns true, while
                    some([1,2,3]!{$=0}) returns false.


                Functions fold-left and fold-right are available as
                    in XPath 3.0.

            
            
                Functions and Operators on Elements


                The function name(E) returns the name of an element
                        E, or null if it is unnamed. The syntax E.name()
                    can also be used, of course.

            The mapping and filtering operators (! and ?) apply to
                elements as well as to lists. In this case they expect a two argument function to be
                supplied, and call this with the attribute name as the first argument and the
                attribute value as the second. The mapping operator returns a list with as many
                members as there are non-null attributes in the input; the filter operator returns
                an element with the same name as original, and with a subset of its attributes.
                These operators treat the content value as just another attribute. They provide the
                most general and powerful means of processing elements, and other operations can be
                defined in terms of these two. For example, the function content(E), which returns
                the content of an element, could be defined as E?{$1=""}!{$2}.

            For example E?{$.in("id", "code", "status"} returns a copy of element
                E, retaining only the three specified attributes.

            If E is an element and xyz is the name of an attribute
                (known at the time the program is written), then E@xyz returns the
                value of the attribute. It returns the value only, not an "attribute node" as in
                XPath; if the attribute is not present, it returns null. If the name needs to be
                dynamically computed, this can be achieved using an expression in parentheses, for
                example E@(X@name) returns the attribute of E whose name
                is given by the expression (X@name). The construct E^ is
                an abbreviation for E@`` — it returns the value of the attribute whose
                name is the zero-length string, that is, the content value.

            Filtering a list of elements to select those with a given name is likely to be a
                common operation. The syntax L?{name($)=N} achieves this but is a
                little cumbersome, and becomes more so if the list can also include values other
                than elements. So we provide the construct :N, where N is
                a name, which represents a function that returns true when its first argument is an
                element with the name N, and false otherwise. So given a list of
                elements L, we can now select those having the name N by writing
                    L?:N. If we know there will be only one such element, we can select
                it using L??:N.

            So if PO is the purchase order presented in section 2.1, then
                    PO@shipTo^??:name gives the value "Alice Smith", while
                    PO@items[0]@partNum gives "872-AA". 

            The following example selects from a list of elements those having a particular
                attribute value: PO@items?{$@USprice > 20.00}.

            The @ operator performs implicit mapping. Specifically: if the
                left-hand operand is a list L, then any lists contained in this list
                are expanded recursively. Any values in the expanded list that are not elements are
                ignored, so we end up with a list of elements; call this LL. The value
                of the expression L@name is then defined as LL!{$@name}.
                Note that the result may be a list of lists; it is not flattened.

            Returning again to the purchase order example, this means that
                    PO@items@partNum returns the list of strings ["872-AA",
                    "926-AA"].

            The postfix operator // represents the deepContent()
                function, which is the flattened transitive closure of the content()
                function. Specifically, if the result of content() is a list, then any
                element in that list has its own descendants inserted immediately after it. So the
                function descendants(E) can be defined as content(E)!{$ ~+ (if
                    $.isA(<element>) then $.descendants() else [])}. So if E
                is an element, then E//?:status will select all descendant elements
                named status, and E//?[$@id=12] will select all descendant
                elements having the id attribute equal to 12.

            The postfix operator @@ similarly gives the transitive closure of
                    attributes().


                As already mentioned, the function forEach and the equivalent
                operator ! are overloaded for elements to process all the attributes of
                an element (including the content). The second operand is a function which is called
                with two arguments, the attribute name and the attribute value. For example, given
                an element E the expression E!{$} returns the names of its
                attributes.


                Similarly the function select and the equivalent operator
                    ? are overloaded to process all the attributes, and return an
                element in which only a subset of the original attributes are present. 


                The function element(name) constructs an element with a given
                name (which may be null). It can also be called with two arguments:
                    element(name, attributes). The second argument is a list of
                attributes, each attribute being represented by a two-member list containing the
                name and the value.


                The function add(element, name, value) takes an existing element,
                and adds an attribute with the given name and value, replacing any existing
                attribute with the same value. A new element is returned. Calls to this function can
                conveniently be chained: element("rect").add("id", "a001").add("color",
                    "black").


                For convenience, the function addContent is defined as
                    add(?, "", ?).


                So, for example, we can convert attributes to a list of child elements like
                this:


                let elementsToAttributes = {
    let E = $.asElement();
    element(E.name()).setContent(E!{element($1).setContent($2)})    
 }
            


                The semantics of these constructions in FtanSkrit are different from the corresponding operations in XPath, but hopefully they will have a familiar feel.


            
        
        
        
        Future Features

        FtanML as presented in this paper packs a large amount of functionality into a small
            language. It doesn't offer everything that anyone might ask for, and nor should it:
            keeping it small is important. Nevertheless, there are things one might want to add, and
            which have not been ruled out.

        
            	
                An extensible mechanism for data types is needed: for example, representing
                    dates as values. Schema validation can confirm that a date is a valid string,
                    but for processing one would like to manipulate it as a date, not just as a
                    string. Similarly, support for binary data is important to some applications;
                    and it would be nice if URIs were recognizable as such. A general mechanism for
                    extending the set of types (perhaps along the lines suggested in [Jeni
                    Tennison]), would be undoubtedly useful.

            

            	
                What about pointers and links? XML has a sorry tale to tell in this area, but
                    that doesn't mean it can't be done better. Arguably links and anchors should be
                    first-class constructs marked as such in the syntax, rather than a semantic
                    overlay affecting the interpretation of strings. Both intra-document and
                    inter-document links are needed, and they should ideally be handled using a
                    single mechanism. Support for the kind of referential integrity found in
                    relational databases is as important as support for the hyperlinking traditions
                    of the markup community, and there is no good reason why the two mechanisms
                    should be distinct.

            

            	
                In the scripting language, there is an obvious need for rule-based processing
                    in the style popularised by XSLT. In this paper, I have concentrated on
                    presenting a small functional core for the scripting language, but I would like
                    to see rule-based processing superimposed, and I see no reason why this should
                    not be achievable.

            

        

    


 
    
        Conclusions and Summary

        We have introduced three languages as replacements for the central pillars of the
            markup edifice: FtanML as the markup language, FtanGram as its schema language, and
            FtanSkrit as its query and transformation language. Let's try now to assess what we've
            achieved.

        Firstly, FtanML compared to XML. FtanML is considerably smaller as a specification,
            but it's also more powerful. It gets rid of the same unwanted things that MicroXML gets
            rid of (namespaces, comments, processing instructions, entities, DTDs), but by allowing
            attributes and element content to be any value, the data model is much richer, more
            orthogonal, and more expressive. It also solves the whitespace issue (which whitespace
            is significant?). By dropping end tags, the language is a lot less verbose, which is
            particularly noticeable when it is used for highly structured information, as in the
            FtanGram syntax. There's a lot of general tidying-up in little areas like escaping of
            special characters.

        Does verbosity matter? We think it does. The fact that XML is bulky and hard to read
            is a significant factor leading to the adoption of alternative syntaxes for languages
            such as RDF and RelaxNG, and is a big turn-off for people coming newly to XSLT. Even if
            specialist editors can reduce the burden of entering the markup, the amount of noise on
            the page affects the ability of a human reader to absorb information quickly. This is
            not to say that the most concise syntax is optimal, of course: we might have swung too
            far. XML had human
            readability as one of its goals, and we should remember that readability is not a binary
            attribute; there are degrees of readability, and readability also depends greatly on
            the familiarity of the reader with the notation.

        Compared to JSON, FtanML's main contribution is that it adds support for mixed
            content. And element names, which are very handy when modelling document
            structures.

        Compared to the XPath data model (XDM), the FtanML model has more capability and
            greater orthogonality. The core structuring constructs (elements and lists) are powerful
            enough for all computational requirements. XSLT and XQuery have found a need to extend
            the core XML-based model with other constructs such as maps and lists; the FtanML model
            does not have this awkward duality between constructs that can be directly serialized in
            the markup, and constructs used only for internal processing.

        FtanGram learns from RelaxNG the importance of designing a schema language to do
            validation and nothing else. Unlike RelaxNG, it's able to take advantage of the
            simplification and orthogonality of the data model. The unification of facilities for
            "simple types" and "complex types" is particularly appealing, allowing a smaller number
            of constructs to be combined in more powerful ways to create richer functionality. The
            idea that element names as well as attributes and content are something that can be
            constrained by a type is also a useful simplification. FtanGram also attempts to show
            that by making the markup language itself more powerful and less verbose, the need for a
            "compact syntax" (that is, a syntax using constructs other than those available in the
            target language) is eliminated.

        FtanSkrit is broadly equivalent in capability to XQuery, but with a stronger reliance
            on higher-order functions and operators in preference to custom syntax. It currently
            lacks any mechanism comparable to XSLT's template rules, but we have ideas for how that
            could be added.

        There will always be debates about strong versus weak typing, static versus dynamic. I
            believe that FtanML's dynamic typing approach fits better with the philosophy that with
            markup, you can have as much or as little schema machinery as you want. The XPath
            ability to mix typed and untyped data is one solution to the problem of spanning the
            worlds of structured and unstructured data, but it is something of a camel.

        Are there any downsides? Some may find the languages excessively terse; highly compact
            syntax is not easy on the eye. The absence of named end tags in FtanML can lead to long
            strings of closing angle-brackets which are hard to match up without the support of a
            syntax-driven editor. Generally, though, we feel that FtanML with its sister languages
            FtanGram and FtanSkrit together form a markup system that has more than the power of the
            equivalent XML stack, with much greater integrity of design, simplicity, orthogonality,
            efficiency, and usability.

    
    
        Implementation

        A Scala implementation is available as open source software. It can be downloaded from here:

        
        https://github.com/organizations/FtanML-WG

        
        The implementation is not 100% complete,
            and is intended as a proof of concept rather than as production quality software. It
            includes a complete parser for FtanML which constructs a tree represenation of the
            object model; an implementation of all the FtanGram types and facets (including the
            grammar facet), but not the schema language itself; and an implementation of most of the
            FtanSkrit processing language, though with some relatively unimportant functions and
            operators omitted.
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Notes
Ftan is a place name, not an acronym, and while words beginning "Ft" are
                    uncommon in English, the pronunciation comes easily with practice.

            
View note in Notes section
It's called a cell because escaping is not allowed.

                            
View note in Notes section
This decision means that JSON is not a pure subset of FtanML, because JSON
                        distinguishes an absent entry in an object from an entry whose value is
                        null. However, the decision makes programming simpler, and makes sense
                        semantically.

                
View note in Notes section
This is a change from the original FtanML design. Originally rich text was
                        introduced by a vertical bar, and ended with the ">" delimiter marking the
                        end of the element. This design prevented rich text appearing as the value
                        of an attribute, or being used as a value in the scripting language. The
                        revised design restores orthogonality by allowing rich text to appear where
                        any value can appear. 

                
View note in Notes section
Modelling rich text as a list of strings and elements is convenient
        in some situations, especially because it's the only representation available using the data types of
        many programming languages. The main drawback is that it's not convenient when we want to treat
        the data as a simple string, and ignore the markup. So we make it a distinct data type,
        that can easily be converted either to a list or to a string for processing when required.

View note in Notes section

                I have previously [x] discussed the possibility of
                writing an XSLT optimizer in XSLT; I concluded that the only thing preventing
                this was the inefficiency of the XSLT processing model in cases where it is necessary
                to make many passes over a tree, with each pass effecting a small change.
                Allowing subtrees to be shared between the source and result of the transformation could
                eliminate this problem.
            

View note in Notes section
It would be easy enough to add syntax for a more verbose function declaration with
                    an explicit signature. But at this stage, it's important (a) to keep the language small,
                    and (b) to provide a very concise syntax for functions, allowing them to be used as freely
                    and easily as predicates and steps are used in XPath.

                
View note in Notes section

	[1]Ftan is a place name, not an acronym, and while words beginning "Ft" are
                    uncommon in English, the pronunciation comes easily with practice.

            

	[2]It's called a cell because escaping is not allowed.

                            

	[3]This decision means that JSON is not a pure subset of FtanML, because JSON
                        distinguishes an absent entry in an object from an entry whose value is
                        null. However, the decision makes programming simpler, and makes sense
                        semantically.

                

	[4]This is a change from the original FtanML design. Originally rich text was
                        introduced by a vertical bar, and ended with the ">" delimiter marking the
                        end of the element. This design prevented rich text appearing as the value
                        of an attribute, or being used as a value in the scripting language. The
                        revised design restores orthogonality by allowing rich text to appear where
                        any value can appear. 

                

	[5]Modelling rich text as a list of strings and elements is convenient
        in some situations, especially because it's the only representation available using the data types of
        many programming languages. The main drawback is that it's not convenient when we want to treat
        the data as a simple string, and ignore the markup. So we make it a distinct data type,
        that can easily be converted either to a list or to a string for processing when required.


	[6]
                I have previously [x] discussed the possibility of
                writing an XSLT optimizer in XSLT; I concluded that the only thing preventing
                this was the inefficiency of the XSLT processing model in cases where it is necessary
                to make many passes over a tree, with each pass effecting a small change.
                Allowing subtrees to be shared between the source and result of the transformation could
                eliminate this problem.
            


	[7]It would be easy enough to add syntax for a more verbose function declaration with
                    an explicit signature. But at this stage, it's important (a) to keep the language small,
                    and (b) to provide a very concise syntax for functions, allowing them to be used as freely
                    and easily as predicates and steps are used in XPath.
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            Abstract
The following paper proposes a model for the encoding of variance in music that is
                based on traditional models and implemented using the data framework offered by the
                Music Encoding Initiative (MEI). It introduces concepts derived from the Functional
                Requirements for Bibliographic Records (FRBR) to music editing. This combination is
                then used to auto-generate proposals for the filiation of sources and to illustrate
                the relationships between the encoded sources. The purpose of this system is to
                structure the editorial process, provide a better overview of the material, and to
                inform the editor's findings. It will be developed and used by the Freischütz Digital project, the goal of which is to
                create a digital scholarly edition of Carl Maria von Weber's opera Der Freischütz based on complete encodings of all
                relevant sources. The edition will be completed by Summer 2015.

        
        This work is made available under a Creative Commons Attribution-NonCommerical-NoDerivs 3.0 Unported License (http://creativecommons.org/licenses/by-nc-nd/3.0/).

    
    
        Introduction

        The core tasks of a scholarly edition of music are the investigation, documentation,
            and explanation of the transmission of the work. In traditional textual criticism, this
            is done by examining all available sources, comparing the textual version(s) they
            contain, tracing the filiation of sources, selecting a main (or "base") source, and
            providing an edited text that resembles the main source as closely as is reasonably
            possible. The textual variation recorded in this process is traditionally documented in
            a separate list that identifies readings by movement, measure, and (sometimes) beat
            within the measure and voice. In contrast to traditional print publications, which
            restrict themselves to a single base text because of pragmatic and/or financial
            considerations, in the digital medium one may include all pertinent sources without
            regard to their relevance to filiation. In addition, the determination of a base source,
            and thus a listing of variants compared only to it, is not necessary. The edition can
            therefore document all readings, not just a single edited version of the text [bohl2011]. In fact, it is now possible to provide all historically
            legitimate alternative versions of the text simultaneously.

    
    
        Musical Variants

        Based on earlier literature [feder1987], German musicologist
            Bernhard R. Appel proposed a systematic model for variants in his article
                Variatio delectat – Variatio perturbat [appel2005,
            pp. 7–24]. He identifies four main types of local variation between sources: additions (Ergänzung), deletions (Streichung), substitutions (Ersetzungen) and rearrangements (Umstellungen). An addition denotes the introduction of new material to the musical text,
            as compared with an older version (AB ⇒ AXB). In contrast, a deletion is characterized by leaving out parts of the text (ABC ⇒ AC). A
            variant where a portion of the musical text is replaced by another is identified as a
                substitution (ABC ⇒ AXC). In this case, the
            original portion and its replacement may differ in length. In the last species of
            variant, rearrangements, the musical text itself is not
            changed, but portions are reordered (ABC ⇒ ACB). With regard to their effect on the
            musical text, Appel points out that all variants can be assigned to one of these four
            types.

        However, considering the fact that the actual filiation of sources is very often all
            but clear [feder1987, p. 64], additions and deletions may be
            consolidated into a larger category. That is, when it is not possible to establish the
            direction of dependency between two sources, the only possible observation in both cases
            is that one source holds text not present in the other. Therefore, considering both
                additions and deletions as the exchange of something with
                nothing, and thus special cases of substitution, the number of types may be reduced. A rearrangement may be thought of as two substitutions at different positions. What would be lost when taking
            this perspective, though, is the identity of the material omitted in one place and
            inserted at another, so that a rearrangement requires
            an additional pairing of two atomic substitutions.
            Therefore, the number of variant types may be reduced to only two—substitutions and rearrangements.

        When comparing more than two sources, variants amongst them may also be classified by
            another taxonomy. German philology offers the terms Bindefehler and Trennfehler. A
                Bindefehler is a variant reading shared by two or
            more, but not all, sources. By sharing a particular variant, the sources are logically
            connected and therefore have a closer filial relationship than sources that do not share
            this material. A Trennfehler describes the opposite
            case. It denotes a variant that distinguishes two sources that have been subjected to
            either a substitution (in the broad sense mentioned
            above) or a rearrangement. A Trennfehler argues for a distant relationship between sources. A variant
            in the musical text transmitted in at least three sources is therefore always a
                Bindefehler for some of these sources, and a
                Trennfehler for others at the same time.[1]

        Textual variation may appear at various levels—from single notes with a different
            pitch to revised melody lines of almost any length and from the addition of measures and measure groups to the rearrangement of entire movements. It is also important to keep in mind
            that, while common music notation (CMN) features a very clear structure of measures and
            staves, the visual structure of music notation does not limit the musical content in any
            way and must not be confused with the semantics of the musical content. Composers and
            copyists alike have never restricted themselves to changes that do not cross this
            structure. When a melody line is replaced by another, changes to several measures may be
            required, without affecting the place of these measures in the context of the notation
            as a whole. Like the conventions of line, paragraph, and page breaks in literary text,
            the visual structures of CMN are simply conventions that facilitate reading and
            writing—no more, no less.

    
    
        Encoding Variants in MEI

        In the case of editorial markup, MEI implements the same concepts and mechanisms as
            TEI (Text Encoding Initiative). Those familiar with TEI can therefore safely assume the
            same concepts behind the elements of the same name in MEI. Thus, encoding variance in
            MEI is based on use of the <app> element, which is allowed at almost
            every level. It identifies a portion of the musical text that varies among different
            sources. Each distinct reading drawn from the available witnesses is held in a
                <rdg> element that identifies its source or sources using its
                @source attribute. This model matches the concept of Bindefehler and Trennfehler
            almost perfectly. For sources sharing a reading, an <app> element
            acts as a Bindefehler, while in the case of sources
            with different readings, it acts as a Trennfehler.

        However, the <app> element is not capable of adequately dealing
            with all of the species of variance described earlier. MEI does offer a mechanism for
                additions, deletions, and substitutions; that is,
                <add>, <del> and <subst>
            elements. However, these elements are intended to describe scribal processes within a
            given witness, not variation across multiple sources. The more generic
                <app> element could be used, which is designated to describe
            variance of this kind as shown in the following encoding:
            

            <app>
	           <rdg xml:id="rdgA" source="#A"/>
	           <rdg xml:id="rdgB" source="#B">
		       <!-- additional content -->
	           </rdg>
            </app>
        

            A complete example of an additional measure in source B
            including musical content might look like this:
            

            <section>
                <measure n="26">...</measure>
                <app>
                    <rdg xml:id="rdgA" source="#A"/>
                    <rdg xml:id="rdgB" source="#B">
                        <measure n="26b">
                            <staff>
                                <layer n="1">
                                    <note pname="c" oct="5" dur="4" dots="1"/>
                                    <note pname="b" oct="4" dur="8"/>
                                    <note pname="d" oct="5" dur="4"/>
                                    <rest dur="4"/>
                                </layer>
                            </staff>
                        </measure>
                    </rdg>
                </app>
                <measure n="27"/>
            </section>
        

            This approach works for substitutions but it falls
            short on rearrangements. Here, it can only capture two
            seemingly separate operations (deletion and subsequent
                addition) in separate <app>
            elements. To circumvent this restriction, additional markup is necessary.

        Because the identification of a rearrangement
            requires an additional step of interpretation, which may be made by the editor at any
            time in the editorial process, the encoding can begin with the use of two separate
                <app> elements, but allow for enrichment of the basic markup
            later. The simplest, and thus most useful, solution is to employ the
                @corresp attribute to cross-link the corresponding
                <rdg> elements:
            

            <app>
	           <rdg xml:id="oldPos" source="#A #B" corresp="#newPos">
	           <!-- content at old position -->
	           </rdg>
	           <rdg source="#C"/>
            </app>
            ...
            <app>
	           <rdg source="#A #B"/>
	           <rdg xml:id="newPos" source="#C" corresp="#oldPos">
	           <!-- content at new position -->
	           </rdg>
            </app>
            

            Using these mechanisms clearly shows that the parallel segmentation method of
                <app> and <rdg> suffices to address musical
            variants occurring inside musical structures.

        [image: Substitution over two measures]
                
            
Figure 1.Substitution over two measures
        However, as mentioned earlier, substitutions (of
            melodies, for example) often ignore the structural features of music notation like
            measures and staves (see Example 1). In the given scenario, the musical
            notation, as encoded in MEI, requires splitting the description of variance into two
            separate <app> elements. This separation does not resemble a
                Befund, which obviously permits only one difference between the two
            sources. The fact that the change crosses the bar line results in a typical example of
            overlapping hierarchy issues confronted by any XML-based encoding system. For the
            encoding of the musical text, MEI is well prepared to handle such overlaps. For
            instance, slurs, one of the most common features of CMN that interfere with measure and
            staff structures, can be captured using various markup possibilities, including
            attribute-based milestone techniques and standoff markup.

        For overlapping variants that interfere with the notational structure
            by crossing barlines, staves or similar boundaries, a mechanism like that proposed for
                rearrangements may be used. The difference here is
            that instead of relating the descendant <rdg> elements, the
                <app> elements themselves should be connected. Capturing cross
            references with @xml:id and @corresp attributes is less than
            ideal, however, as double-ended references can result in largely redundant pointers
            requiring careful maintenance. For example, consider that even a small change in a
            measure may affect a large number of staves.

        A milestone approach, using elements such as TEI’s span elements
                (<addSpan>, <delSpan>, etc.) is of no help
            here, as CMN is a two-dimensional notation, making it impossible to describe an affected
            region of the text with just one start and one end point. Instead, a standoff approach
            allowing only single-direction pointers is more appropriate. The obvious solution would
            be to use the <annot> element (the MEI equivalent to TEI’s
                <note>), which offers a @plist (participant list)
            attribute. The <annot> element could be used to point to all related
                <app> elements, and its @type attribute could be
            used to identify its purpose. However, this solution also falls short with regard to
            explicitness. A standoff methodology explicitly identifying all relevant components is
            clearly the best strategy. But using generic <annot> elements,
            distinguished only by simple typing, for all these specific cases, overloads its
            semantics.

        As an alternative, the authors propose adding specific grouping elements to MEI that
            identify isolated members of a feature group. In the case of multiple
                <app> elements, an <appGrp> element would be
            appropriate. The <appGrp> element could use its own
                @plist attribute to refer to a number of logically connected
                <app> elements that, taken together, represent a specific
            variant:

        
            <app xml:id="app1">
	           <rdg xml:id="rdgA1" source="#A"/>
	           <rdg xml:id="rdgB1" source="#B"/>
            </app>
            ...
            <app xml:id="app2">
	           <rdg xml:id="rdgA2" source="#A"/>
	           <rdg xml:id="rdgB2" source="#B"/>
            </app>
            ...
            <appGrp plist="#app1 #app2"/>
        

        On a related topic, MEI currently lacks grouping mechanisms for the elements intended
            for capturing simple editorial changes, such as additions (<add>) and deletions (<del>). Like the variation in source
            material represented by <app>, these elements are also not bound to
            notational structures. They too require a grouping mechanism that helps encoders to
            overcome the hierarchical conflicts arising from a strict XML structure.

        With the proposed models in place, it will be possible to encode all the types of
            variants identified by Appel and their scope. The intention is to allow representation
            of textual variation in stages or layers, from no interpretation to the capture of
            complex relationships, in way that permits the editor to make informed decisions about
            the filiation of the sources of the text.

    
    
        Qualitative Analysis based on Encoding

        The Functional Requirements for Bibliographical
                Records (FRBR) conceptual model was proposed by the International Federation of Library Associations and Institutions (IFLA)
            in 1998. It does not offer a ready-to-use data format, but rather generic concepts that
            help to create cataloging formats that address advanced user needs. As the FRBR
            terminology is also applicable to music philology, especially with regard to the
            filiation of sources, it has been adopted by MEI for its 2013 release.

        FRBR is organized into three separate but related entity groups. Only the first group,
            which provides work, expression, manifestation and item entities, has been adopted by
            MEI so far. These four so-called Group 1 entities provide a clear
            terminology for dealing with the transmission of a work in manuscripts and prints alike.
            While a work entity represents only the conceptual idea of a musical piece, independent
            from the details of its composition, such as its instrumentation, an expression
            identifies a slightly less abstract entity that does include these details. In other
            words, it also denotes a specific version of the text, even though this requires a
            manifestation (MEI uses its pre-existing <source> element for this
            entity) for its materialization. An item is a distinct physical instantiation of a
            manifestation, for example, a copy of a certain print.

        FRBR also allows specification of the relationships between the basic entities. In
            MEI, some of the hierarchical relations are implicitly encoded using inheritance (an
            expression for example is a child element of a work) while others, such as those between
            expressions and manifestations, are dealt with using pointers. This change in approach
            is necessitated by the many-to-many relationships that can exist between expressions and
            sources. For example, a single expression of a work may be transmitted by many sources
            or a single source may contain multiple expressions of one or more works. FRBR offers a
            number of relation types, which establish an entity-relationship-model for bibliographic
            and editorial needs. For example, an expression may be described as a translation or
                rearrangement of another and a print may be
            identified as a copy of a manuscript source. These relations, however, clearly denote
            the overall relation between two affected entities—they are not operating at the level
            of individual variants, but on the global level of complete objects.

        We believe the recommended types for relationships identified and provided by FRBR are
            also useful to describe processes behind textual variation at more granular levels. For
            example, isSupplementOf may be used for additions, isAbridgementOf for deletions, isRevisionOf for substitions and
                isReconfigurationOf for rearrangements. Adding such relations to individual textual variants is
            required to give a better overview of the arguments for a specific filiation of sources.
            The suggested implementation mostly relies on existing MEI models. The only important
            change is to allow the @rel attribute, which is currently only available on
            the <relation> element to describe full-entity relations stored in
            the header, to be used on <rdg> elements. In this implementation,
            material added in a later and derived version of the text would be encoded so:

        
            <app>
	           <rdg xml:id="rdgA" source="#A"/>
	           <rdg xml:id="rdgB" source="#B" rel="isSupplementOf" target="#rdgA">
		       <!-- additional content -->
	           </rdg>
            </app>
        

        The example shows how one reading is identified as an addition to another. The empty reading serves as a placeholder for the
                base text. By adding @cert and @evidence
            attributes to <rdg>, the editor may also state the reliability of his
            assessment. While at some point in the future it may be necessary to allow an alternate
            encoding method that employs dedicated elements in order to capture divergent
            interpretation from multiple editors, the simple approach described here will
            suffice.

        The purpose of filiation is to identify the relations (and their directionalities)
            between sources and to create a stemma that illustrates these relations. The results may
            be expressed with FRBR, but they are based on the evaluation of individual variants as
            described above. This evaluation, stored in a FRBR-compliant way, can be used to provide
            a better overview of all arguments and to inform the editor's interpretation of the
            overall connection. It may also help to better explore the filiation of sources with
            multiple intermingled ancestors and other complex situations often overlooked in
            traditional filiation [feder1987]. However, a fully automated analysis
            of those variants seems impossible; simply quantifying the number of variants indicating
            a filiation from A to B vs. arguments for B to A is not particularly helpful, as some
            arguments are more convincing than others [feder1987, p. 58]. The
            swapping of two pitches has nearly no persuasiveness with regard to the derivation,
            whereas a missing note in a manuscript is an almost unquestionable argument that it was
            copied from the source to which it is compared. To make full use of the encoding, it is
            therefore important to assess the impact of a particular variant based on the content of
            the readings it holds. Following this reasoning, a variant holding an additional staff
            in one source and no corresponding material in another should be given more weight than
            a variant where the sources differ only on the pitch of a single note. Likewise, a
            variant affecting substantial information of the text is more compelling than a
            variation in the accidental layer of the text [greg1950]. Accurately
            judging the impact of a variant by an automated examination is clearly a large-scale
            project of its own, but it is fairly easy to get a first suggestion from less ambitious
            algorithms. When considering the fact that the final evaluation must be based on the
            editor's experience and judgment, it seems unnecessary to get a perfect analysis—it just
            needs to be good enough to be a helpful starting point. Under these circumstances, it
            seems logical not to hard-wire the weight given to each category of argument, but
            instead to let the editor balance them according to his expertise.

        An automated analysis of the variation across multiple sources must start with a
            listing of all Trennfehler and Bindefehler for every combination of two sources. At this stage, the
            variants do not require further argumentation and stand on their own. An initial graph
            grouping the sources by their level of conformance with each other is already possible.
            However, in order to assess the edges of this graph, the content of these variants must
            be evaluated. Simple pitch changes (which may be nothing more than mere copying errors),
            will be treated differently than larger groups of non-corresponding measures. After
            measuring the strength of these arguments, the next step is to identify their
            directions. This process is also based on an evaluation of the content—is it more likely
            that the textual difference is a later addition to a formerly shorter text, or is it
            more likely that something has been canceled from a formerly richer text? Again, these
            arguments will differ in their persuasiveness, but here the situation is much better, as
            additional information can be used to inform the determination of direction. For
            example, if both sources can be precisely dated, the direction is already clear.
            Likewise, the identification of scribal hands may help to determine filiation when more
            information about the scribe, such as birth and death dates or work locations, is
            available.

        Even when the general relationship between two sources seems to be clear, based on a
            number of arguments regarded as indisputable, it is important that all contradictory
            variants remain available to the editor, as they may hint at a possible contamination of
            sources. Accordingly, the graphical interface for this analysis needs to differentiate
            between parts of these sources and provide hints if there is a significant variation in
            the likely directionality of filiation amongst them. Very often, editors will be able to
            identify the filiation of sources very quickly. The purpose of an automated analysis
            like this is to ensure that editors do not overlook possible alternatives or mixed
            relationships, resulting in oversimplification of the filiations. Having the editor's
            judgment explicitly recorded in @rel attributes on <rdg>
            and a determination of a level of certainty for the assertion in @cert
            attributes, permits better decision-making, ultimately making the edition more
            transparent for the user.

    
    
        Visualization and Analysis of Variants

        As the purpose of the proposed encoding and analysis methodology is both to support
            the editor and to better illustrate the editorial process to the user, an adequate
            visualization is very important. Even though the encoding itself is designed to be as
            legible as possible, the vast amount of data requires provision of a condensed
            view—without which the resulting information would likely be unusable.

        Following the order of steps given above, a first visualization will provide an
            overview of the variance of two or more sources under comparison.

        [image: Visualization of Variance with a kind of piano roll notation]
                
            
Figure 2.Visualization of Variance with a kind of piano roll notation
        [image: Visualization of Variance in multiple voices]
                
            
Figure 3.Visualization of Variance in multiple voices
        This visualization draws on the concept of piano roll notation (see Example 2 and Example 3), but compared to regular piano
            roll notation, it is scaled down to a barely legible size, similar to Edward Tufte's
            sparklines concept [tufte2008]. The idea is to provide an overview of
            large segments of the source. Every source is assigned a distinct color. Everything
            shown in black is shared amongst all sources, whereas the colored parts show the
            differences between them. Piano roll notation represents only the substantial parts of
            the score, ignoring accidental components like articulation, dynamics, etc. In a proper
            visualization, this kind of information is provided in a separate stream for every
            staff. This stream could also be reduced, showing only a dot for each accidental sign
            (not visible in the examples). Separation into multiple streams helps to distinguish the
            kind of variance even at this high-level overview stage. In the future, scaling may also
            be provided in this view, allowing the user to zoom into more and more detail,
            terminating in the actual notation. Until then, this visualization provides an excellent
            overview of the level of variance between the compared sources. It is also possible to
            highlight variants acting as Bindefehler between two
            sources by putting them on a differently colored background.[2]

        The next step is to make use of the FRBR-compatible classification of individual
            variants. This is possible by making the interface customizable, allowing the user to
            highlight specific types of variants. The project intends to provide yet another
            perspective on the data that resembles traditional stemmata more closely.

        In the projected interface, there will be a stemma-like graph on the left side of the
            screen, paired with a list of all variants on the right side. These variants can be
            ordered by their type, ascribed FRBR-relations, the editor's certainty, the estimated
            relevance (following customizable categories), and the affected sources and their
            position in the document. Manipulating this list will influence the stemma on the left.
            If, for instance, the editor (or user) decides to focus on a single movement of the
            work, it will reflect only relations in that movement.

    
    
        Conclusion

        The system described in this paper can only operate on fully encoded sources. The
                Freischütz Digital project will provide data of the
            required verbosity for the first time. The amount of data contained in encodings of
            music notation is already large and providing the additional details described in this
            paper will increase their complexity even further. However, the end result of doing
            so—detailed insight into the transmission and transformation of musical works—is highly
            desirable. While it has not been possible before, by leveraging the potentials of both
            MEI and FRBR it is possible to create intuitive tools that permit the exploration and
            communication of relations among sources containing notated music.
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      Abstract
In this paper, I argue that HTML5 offers unique advantages to
      authors and publishers in comparison to both traditional word processing
      and desktop publishing tools like Microsoft Word and Adobe InDesign, as
      well as other markup vocabularies like DocBook and AsciiDoc. I also
      consider the drawbacks currently inherent in the HTML5 standard with
      respect to representing long-form, structured text content, and the
      challenges faced in adopting HTML5 as the source format for book
      authoring and publishing workflows. Finally, I discuss the development
      of HTMLBook, a new open, HTML5-based XML standard expressly designed to
      surmount these challenges and facilitate the use of HTML5 for the
      authoring and production of both print and digital book content.
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    Introduction


    For the past seven years, DocBook XML has been the cornerstone of
    tech publisher O’Reilly Media’s book authoring and publishing toolchain.
    As a richly semantic markup language, DocBook provides a single
    maintainable source format for book content that can be readily
    transformed and output to a variety of formats, allowing the construction
    of a highly automated production infrastracture. However, as the digital
    book has continued to rise in importance, so has the need to architect
    faster, more efficient, and more lightweight workflows for book creation.
    O’Reilly found that there was another markup format even better suited to
    this paradigm: (X)HTML5.


    In this paper, I argue that HTML5 offers unique advantages to
    authors and publishers in comparison to both traditional word processing
    and desktop publishing tools like Microsoft Word and Adobe InDesign, as
    well as other markup vocabularies like DocBook and AsciiDoc. I also
    consider the drawbacks currently inherent in the HTML5 standard with
    respect to representing long-form, structured text content, and the
    challenges O’Reilly has faced in adopting the standard as the new source
    format for its toolchain. Finally, I discuss how O’Reilly has surmounted
    these challenges by developing HTMLBook, a
    new open, HTML5-based XML standard expressly designed for the authoring
    and production of both print and digital book content.

  

  
    Why HTML?


    As the primary markup language for both the Web and two ebook
    formats (EPUB and Mobi), HTML offers several key advantages over both
    standard book source document formats (e.g., Word
    .doc and InDesign .indd) as well
    as other XML vocabularies. Authoring and producing books in HTML5 offers
    the potential of standardized semantics, a streamlined workflow for
    generating print and digital outputs, the ability to think “digital-first”
    when developing content, and the opportunity for Web-based, WYSIWYG
    authoring. In the following sections, I discuss the advances afforded by
    HTML5 in greater depth.


    
      New and Improved Semantics!


      Prior to HTML5, structural semantics were largely absent from the
      HTML vocabulary, and rich tagging of content entailed liberal use of two
      all-purpose elements: the <div> and
      <span>. Compared to markup languages like DocBook,
      which standardized elements for both high-level book components
      (chapter, appendix, glossary) and lower-level blocks (section, sidebar,
      footnote), as shown below:


      <article>
  <title>Rich semantics in DocBook</title>
  <sect1>
    <title>Mathematical elements</title>
    <para>The "mathphrase" element<footnote><para>Introduced in DocBook 4.5</para></footnote> is used to tag mathematical expressions
    that are readily representable in plaintext.</para>
  </sect1>
</article>


      HTML’s vocabulary was severely lacking, and forced reliance on
      nonstandardized class attributes to inject the missing
      semantic context:


      <div class="article">
  <h1>Rich semantics in DocBook</h1>
  <div class="top_level_section">
    <h1>Mathematical elements</h1>
    <p>The "mathphrase" element<span class="footnote">Introduced in DocBook 4.5</span> is used to tag mathematical expressions
    that are readily representable in plaintext.</p>
  </div>
</div>


      HTML5 adds a whole new category of elements used for “sectioning
      content”h13, which can be used to
      mark divisions of books, journals, and other long-form content:
      <article> for complete, self-contained articles;
      <section> for subsections of a larger book or article
      (both chapters/appendices, and their subsections);
      <aside> for tangential remarks (e.g., sidebars or
      footnotes), and <nav> for navigational components
      (such as a table of contents or an index).


      Also new to HTML5 are elements for representing formal (titled)
      images (<figure> and
      <figcaption>), as well as headers/footers (the aptly
      named <header> and
      <footer>)


      With the addition of these elements, the previous example can now
      be written as:


      <article>
  <h1>Rich semantics in DocBook</h1>
  <section>
    <h1>Mathematical elements</h1>
    <p>The "mathphrase" element<aside>Introduced in DocBook 4.5</aside> is used to tag mathematical expressions
    that are readily representable in plaintext.</p>
  </section>
</article>


      These new structural elements greatly enhance the
      ability to semantically mark up an entire book manuscript in
      HTML5.

    

    
      No Conversions Necessary!


      Books don’t remain manuscripts forever. The goal—which hopefully
      is achieved—is to publish[1] them. Thus, the purpose of manuscript authoring tools is
      not only to facilitate writing and formatting of text, but to do so in a
      fashion in which it can be output as a final print and/or digital
      product.


      Traditional word processing applications like Microsoft Word are
      actually far from ideally suited to this last output stage, the actual
      production of a manuscript. Because they are not
      primarily designed as compositing tools for generating printer-ready
      PDFs, word processors don’t offer as robust a suite of layout and
      prepress features as provided by desktop publishing applications like
      Adobe InDesign. So while it’s trivial to export a Word or Pages document
      to PDF, it’s not quite as trivial to export a PDF that would be
      considered “print-ready.” As a result, it’s common for workflows for
      producing manuscripts for print to entail first converting binary
      word-processor documents (e.g., Word .doc files) to
      binary desktop-publishing documents (InDesign .indd
      files), and then outputting the final print-ready PDF from the second
      set of files. In other words, the manuscript transitions through three
      distinct file formats: one for writing/editing, one for compositing, and
      one for distribution.[2] The paradigm is similar for digital production to output
      ebook formats of a manuscript. The two main digital formats in which
      ebooks are sold, EPUB and
      Kindle
      Mobi KF8,[3] are both reflowable formats, where
      content does not have fixed pagination like a print book but instead
      spreads to fill the dimensions of the ereader screen. Here, compositing
      is much less of a concern, but there’s still a conversion step that must
      be navigated to produce the ebook output. Exporting to EPUB/Mobi from a
      format like Word or InDesign is not typically a process that produces
      high-quality results out of the box without extensive configuration,
      troubleshooting, and possibly even post-conversion cleanup, as is
      evidenced by a burgeoning industry of third-party
      firms offering ebook conversion and consulting services.


      An alternative to the Word-to-InDesign-to-(e)book shuffle is to
      design a single-source workflow, where there is
      just one set of document files used both for writing/editing the book
      manuscript and for completing the necessary production work for
      generating both print and electronic outputs. Here is where an XML
      format like DocBook shines, as its rich semantic vocabulary makes it
      highly transformable to a variety of output formats. The DocBook Project’s open
      source XSL stylesheets were developed to facilitate this very
      task, and provide transformations from DocBook to a variety of key
      document formats, including PDF (via FO), HTML (both XHTML1.1 and
      XHTML5), and EPUB (versions 2 and 3). This is the workflow that O’Reilly Media has used for the
      past seven years, which Andrew Savikas describes in his essay
      “Distribution Everywhere”:


      
        That large ecosystem of tools and users meant that there was
        already a very mature and robust set of open-source
        stylesheets intended to do exactly what we wanted: to take a
        set of DocBook source files and create multiple outputs, each with its
        own formatting rules. We could even create multiple versions of the
        same output format; for example, a PDF intended for printing (with
        crop marks and high-resolution images) and a PDF designed for viewing
        digitally (with color images and hyperlinks). By customizing the
        stylesheets with our branding, we could deliver three different
        “final” outputs (print PDF, web PDF, and Safari) from the same source
        file at the same time, while retaining the flexibility to modify the
        presentation formatting independently of the content.


        When EPUB emerged
        as the standard for the growing ebook market, we partnered with Adobe
        to contribute changes to those open source stylesheets to support
        output as EPUB (and with some additional processing, in
        Kindle-compatible Mobi format as well). That meant that as long as our
        production workflow resulted in a high-quality DocBook XML version of
        a book, we could deliver multiple print and digital versions at the
        same time from the same source.s11

      


      The conversions in this type of workflow are optimal: all operate
      on a single, highly and consistently structured source format, and are
      wholly automated—ensuring fast, accurate results. But no matter how
      efficient the production infrastructure, every conversion built into
      one’s processses still incurs a cost. If conversions are outsourced to
      another vendor, the cost is in both dollars and time. If conversions are
      automated in-house, the cost comes in the form of the human resources on
      staff required to maintain the codebase. As such, the ultimate goal in
      creating streamlined publishing workflows isn’t solely to lower the
      costs of conversions whenever possible; the aim should also be to
      eliminate the need for conversions whenever
      possible.


      
        HTML5: Both Source Format and Output Format


        A huge asset that HTML5 offers as a book authoring format is
        that unlike Microsoft Word or DocBook, it is not just an authoring
        format: it is a hugely popular output format. Aside from the fact that
        HTML is inarguably the dominant markup for content published on the
        Web, it is also at the core of both the EPUB and Mobi ebook
        formats.[4]As a result, if HTML5 is used as the source manuscript
        format, the task of producing ebook outputs is reduced to one of
        styling the content (with CSS) and packaging it as appropriate for
        distribution. In the case of EPUB, creating a valid file entails
        creating a ZIP archive of book assets (HTML, CSS, images, script
        documents) with an embedded mimetype, config settings (e.g., DRM),
        and Package
        Document that contains a full manifest and metadata about the
        ebook. In the case of Mobi, packaging entails processing either an
        EPUB file or an HTML document with Amazon’s KindleGen
        tool.


        And what about producing print books? It may be
        counterintuitive, but HTML5 is actually an excellent source format for
        producing paginated content, as the CSS3 Paged Media Module
        can be utilized to design the eqiuivalent of a standard book
        template for print. Features supported in CSS3 Paged Media include
        page headers, footers, folios, crop marks, font selection,
        distinct master pages for verso/recto/chapter-opener pages, and even a
        good deal of control over pagebreaking via both explicit instructions
        and widow/orphan controls. The process for writing the CSS for these
        elements is well documented in “Building Books with CSS3” by Nellie
        McKessonm12.


        While the Paged Media Module is still in W3C Working Draft
        status, two major commercial tools already support its feature set for
        generating PDF documents: Antenna House
        Formatter and Prince. It’s now
        possible to take an HTML5 manuscript and a CSS3 stylesheet including
        paged-media rules, and run it through either tool to get a
        high-quality, print-ready PDF file. Figure 1, “The same HTML5 file used to generate PDF content in two different templates using distinct CSS stylesheets; note the differences in styling of headers, footers, and figure images in the PDF at left versus the PDF at right.” shows a side-by-side comparison of a PDF
        page excerpted from the O’Reilly Media title Interactive
        Data Visualization for the Web (2013), generated
        from a single HTML5 file using two different CSS3 stylesheets.
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Figure 1.The same HTML5 file used to generate PDF content in two
          different templates using distinct CSS stylesheets; note the
          differences in styling of headers, footers, and figure images in the
          PDF at left versus the PDF at right.

        It’s worth noting that while at first glance, a DocBook-source
        and HTML5-source production toolchain seem quite similar―a single
        input format from which multiple output formats are automatically
        generated―there’s a key difference between the two models. As
        previously stated, in an HTML5 workflow, the source format and the
        ready-to-package output format are identical, which means that
        both the toolchain and the people creating books with it only need to
        concern themselves with one markup language, not two. In a
        DocBook-based workflow, there are two problems to solve:


        
          	
            How do we convert DocBook markup into a corresponding HTML
            representation that is faithful to the original semantics?

          


          	
            How do we style the HTML representation with CSS to achieve
            the desired formatting and aesthetics?

          

        


        Such a system thus has two points of failure[5] that can result in problems in the final EPUB, Mobi, or
        PDF output: there can be issues with the transformation engine
        (XSL-based or otherwise) that converts DocBook to HTML, or there can
        be a problem with the CSS stylesheets applied to the HTML.
        Troubleshooting problems in the former category requires a high level
        of expertise,[6] as one needs to have extensive knowledge of both source
        and output markup languages just to determine how best to rectify the
        problem. This usually entails either modifying the transformation
        logic used to convert from source to output, or recommending
        alterations to the source format to achieve the desired output with
        the existing transformations.


        When HTML5 is used as both source and output format, this first
        point of failure is completely removed from the production system. If
        you review the output and find that it contains an unordered list
        where you were expecting an ordered list, you simply crack open the
        HTML file and change the <ul> element to an
        <ol> element; you don’t need to audit the
        transformation logic used for conversion of DocBook
        <itemizedlist> and <orderedlist>
        elements. The only thing you have to worry about is the CSS. Such a
        system is much simpler and easier to maintain.

      
    

    
      We Don’t Need Your Validator!


      When you’re in the process of drafting your manuscript, you want
      to focus on expressing your thoughts in writing; you don’t want to worry
      about having to regularly validate your document to ensure that it
      conforms to a preset template or schema. There are few things more
      irritating than having the writing rhythm be interrupted to troubleshoot
      a template error (e.g., Figure 2, “Why does Word hate me?”), or a
      DTD error like the following:


      ch01.xml:4: element chapter: validity error : Element chapter content does not follow the DTD, expecting (beginpage? , chapterinfo? , 
(title , subtitle? , titleabbrev?) , (toc | lot | index | glossary | bibliography)* , tocchap? , (((calloutlist | glosslist | bibliolist | 
itemizedlist | orderedlist | segmentedlist | simplelist | variablelist | caution | important | note | tip | warning | literallayout | 
programlisting | programlistingco | screen | screenco | screenshot | synopsis | cmdsynopsis | funcsynopsis | classsynopsis | fieldsynopsis | 
constructorsynopsis | destructorsynopsis | methodsynopsis | formalpara | para | simpara | address | blockquote | graphic | graphicco | 
mediaobject | mediaobjectco | informalequation | informalexample | informalfigure | informaltable | equation | example | figure | table | 
msgset | procedure | sidebar | qandaset | task | anchor | bridgehead | remark | highlights | abstract | authorblurb | epigraph | indexterm | beginpage)+ , 
(sect1* | refentry* | simplesect* | section*)) | sect1+ | refentry+ | simplesect+ | section+) , (toc | lot | index | glossary | bibliography)*), 
got (title para sect1 figure para sect1 sect1 sect1 )
Document book.xml does not validate
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Figure 2.Why does Word hate me?

      Document validity should not be considered to be inherently
      valuable: validation is a means toward an end. We validate to confirm
      that necessary constraints are met to achieve a specific goal. In the
      case of book production, that goal is producing a PDF to be printed
      and/or an ebook to be distributed digitally.


      When a book-production workflow is conversion-heavy, robust
      validation is crucial, as it’s a key mechanism to prevent formatting
      mistakes in source documents from propagating to output documents, or
      from causing the conversion process to fail entirely. If a Word
      manuscript document isn’t properly tagged with its template’s paragraph
      styles, it likely won’t convert to InDesign cleanly, which means extra
      QA and cleanup work for the compositor. Similarly, if a DocBook document
      doesn’t meet the requirements specified in the DocBook DTD, the XSL transformations in the
      toolchain may not properly convert it to HTML or FO, which again
      means more troubleshooting. When offered a choice between placing effort
      on validation or on ex post facto damage control, validation is rightly
      seen as the lesser of two evils.


      But the balance of the tradeoff between validation and cleanup
      shifts dramatically when conversions are eliminated from the production
      workflow. As discussed
      previously, when HTML5 is used as both source and output format,
      there’s one less failure point in the process, which means fewer
      opportunities for something to go wrong. That doesn’t mean that all
      problems will disappear. Books are written by humans,[7]and humans make mistakes. What changes when conversions are
      eliminated from the workflow is a decrease in the difficulty of
      troubleshooting and rectifying these mistakes. When the output format is
      identical to the source format, there’s no longer a need to retrace
      one’s steps to identify the source of a problem. If there’s a problem
      with the <ol> markup in your EPUB, you find the
      <ol> and fix it; you don’t need to backtrack to the
      corresponding numbered list in Word or <orderedlist>
      in DocBook and attempt to figure out why your numeration settings
      weren’t converted to the proper start
      attribute.


      Even better, HTML5 rendering systems are generally reasonably
      fault-tolerant. As Liza Daly, VP of Engineering at Safari Books
      Online, notes in her article “The unXMLing of digital books,”
      it’s not necessary to have perfect, XHTML-compliant syntax to get your
      HTML5 to render as expected in a Web browser:


      
        I can throw just about anything even resembling an EPUB book at
        our reading system — even if it’s completely invalid with HTML tag
        soup — and it’ll load. We have very little preprocessing necessary;
        XSLT, which is hard to learn and harder to master, is almost absent
        from our workflow.d13

      


      As an example, if a book manuscript did contain poorly formed HTML
      with poor semantics like the following:


      <html xmlns="http://www.w3.org/1999/xhtml">
  <body>
    <h1>Basic formatting</h1>
    <p>Here’s a paragraph with the last word in <b>bold.</b><br><br>
    Here’s another paragraph with <i>some italics.</i>
  </body>
</html>


      Instead of well-formed, more semantic XHTML syntax like
      this:


      <html xmlns="http://www.w3.org/1999/xhtml">
  <body>
    <section class="chapter" title="Basic formatting">
      <h1>Basic formatting</h1>
      <p>Here’s a paragraph with the last word in <strong>bold.</strong></p>
      <p>Here’s another paragraph with <em>some italics.</em></p>
    </section>
  </body>
</html>


      The HTML will still render largely the same in most modern Web
      browsers. AntennaHouse Formatter will also render identical PDF output
      from both syntaxes.[8]


      That’s not to say that every instance of sloppy HTML tagging will
      be so benign as to have no perceptible side effects on rendering. The
      point is that there is a fair amount of leeway, which can potentially be
      augmented by well-crafted CSS that accounts for potential variation in
      expected markup.


      If your markup is relatively flexible, doesn’t need to be
      converted/transformed into another format, and problems are easy to
      correct, do you really need to focus on validation?

    

    
      Digital-First Content Development!


      When crafting a book that will be released in both print and ebook
      formats, there’s an opportunity to think “digital first,” and develop
      content that takes advantage of the features offered by a digital
      medium, such as audio/video, adaptive quizzes, games, etc.


      If you opt to use traditional word-processing and
      desktop-publishing tools to author a book with special digital features,
      you’ll be faced with questions like, “How do I embed a Canvas in my Word
      doc?”, “How do I change all those image placeholders into video files
      for the ebook version?”, and so on. The answer: more scripting or manual
      markup rework, either as part of the conversion or as a postprocessing
      step.


      Rich semantic markup languages like DocBook XML and AsciiDoc are a
      bit better suited to the goals of representing and converting multimedia
      content. DocBook in particular contains elements designated for
      representing audio and video media: <audiodata> and
      <videodata>, respectively. Similarly, the HTML5
      backend toolchain for AsciiDoc comes with a configuration file with
      audio:: and video:: macros you can use to
      embed audio/video references into your documents. But there’s still no
      out of the box analog to the <canvas> element, so
      some custom modeling and handling may still be in order for interactive
      features.


      In contrast, HTML5 was expressly designed for the purpose of
      marking up digital media, and the ebooks you produce will use HTML5 to
      render it. Choosing to author the entire book in HTML5 just makes sense,
      because it will then be trivial to integrate these digital-first
      elements directly into the manuscript.

    

    
      Web-Based, WYSIWYG Authoring


      Two increasingly important features for authoring tools in the age
      of ebooks and self-publishing are having a Web-based platform and a
      WYSIWYG editing interface.


      It’s not much of an overstatement to say that in recent years,
      cloud computing has revolutionized the whole realm of document
      production (not just books, but also articles, spreadsheets, and
      correspondence). The two key advances a platform like Google Docs offers over
      desktop word processors are “access everywhere” and live, versioned
      collaboration.[9] Documents stored in the cloud can be retrieved from any
      Internet enabled device—desktop, laptop, tablet, smartphone—which
      completely obviates the need to traffic and sync files among machines
      via email or FTP. Cloud storage platforms like Dropbox also offer that
      functionality, but what they don’t provide is the ability to collaborate
      on documents in real-time and track the history of changes made by
      different users. If more than one person is going to be accessing the
      book manuscript as it’s being developed (co-authors, editors,
      copyeditors, reviewers), a Web-based platform with cloud storage is a
      huge boon in facilitating the logistics so that all parties can focus at
      the task at hand, instead of worrying about file management.[10] A Web app also greatly reduces the risks of hiccups being
      introduced into the process when collaborators are working on machines
      running different operating systems and/or different versions of desktop
      apps—no more “Could you resave as .doc instead of
      .docx” or “Your template doesn’t work in Word 2008
      for Mac.”[11]


      Equally valuable to a lightweight authoring model (e.g.,
      self-publishing) is the ability to instantly get feedback while writing
      as to how the content renders. By WYSIWYG authoring, I not only mean
      that when content is tagged to be rendered in italics, the content
      onscreen actually appears in italics (as opposed to
      being displayed as _in italics_ or <emphasis>in
      italics</emphasis>). WYSIWYG should mean that the onscreen
      display mirrors as closely as possible what the final product will
      actually look like. In a model where a book manuscript is written in
      Microsoft Word and then composited in Adobe InDesign, this is rarely the
      case. At best, the onscreen display in Word is usually a rough
      approximation of how the content will end up
      looking when the real template is applied in
      InDesign. That’s not a great model when you’re looking to quickly
      iterate on both content development and typesetting.


      HTML5 offers an elegant path forward toward constructing both a
      Web-based and WYSIWYG authoring environment. If you need to construct an
      authoring frontend in HTML5, CSS, and JavaScript to get it on the Web,
      why not just accept the manuscript files in HTML5, CSS, and JavaScript
      as well? That means no additional interpreters are needed to render the
      source content in the editor for WYSIWYG display.


      The cornerstone of the WYSIWYG HTML5 editor is the contenteditable
      attribute, which, when set on any element in a HTML5 document,
      allows the interior content of that element to be dynamically edited in
      real time by the end user who loads that document in her Web browser.
      With the help of some JavaScript to allow manipulation of
      contenteditable elements via a GUI interface (formatting
      buttons, etc.), and CSS to provide the appropriate styling of the added
      content, it is possible to create the analog of an InDesign template
      right in the Web browser, where the user can write and composite a
      manuscript without having to manually modify the HTML source or CSS
      stylesheets.


      A plethora of open
      source, contenteditable-based
      GUI HTML5 web editors
      have been created in this fashion. Figure 3, “The open source Mercury Editor has a GUI contenteditable interface that can be used to dynamicallly update Web content” shows a screenshot of Mercury Editor’s
      contenteditable interface in action.
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Figure 3.The open source Mercury Editor has a GUI contenteditable
        interface that can be used to dynamicallly update Web content

      The fact that so many contenteditable editors are available right
      now is strong evidence that it is relatively easy to code this type of
      interface into an HTML5 app. But the fact that so many contenteditable
      editors are available right now is also strong evidence that no one’s
      really completely nailed the right feature set yet for this kind of app.
      The WYSIWYG part is there, but many of the features folks have grown
      accustomed to expect from suites like Google Docs aren’t baked in yet:
      collaborative editing, versioning, spellcheck, and so on. But it’s just
      a matter of time before that happens, as Web-based self-publishing
      platforms like PressBooks and Inkling Habitat have already embraced HTML as
      source format and have built their own Web editing interfaces.

    
  

  
    Where HTML5 Falls Flat


    Between the potential benefits available in terms of streamlining
    production workflows to eliminate costly conversions, mitigate the
    overhead of validation, and construct a truly WYSIWYG Web authoring
    platform, O’Reilly Media has aggressively been pursuing a switch from a
    single-source workflow based on DocBook XML to one based on HTML5. But
    effecting this shift has not been without its challenges, and ironically,
    some of the issues we’ve faced in attempting to implement authoring and
    production in HTML5 are directly related to the markup format’s key
    strengths.


    
      New-and-Improved Semantics?


      Yes, as discussed previously, HTML5 introduces a collection of
      semantic sectioning elements that greatly facilitate one’s ability to
      structure long-form textual content. However, HTML5’s sectioning
      vocabulary still pales in comparison to that of an XML vocabulary like
      DocBook, which was specificallly designed to support semantic tagging of
      book content. So, while HTML5 now offers <article>,
      <aside>, <nav>, and
      <section> for blocking off book subsections, some key
      omissions include analogs to the following DocBook elements:
      <appendix>, <bibliography>,
      <chapter>, <glossary>,
      <index>, and <part>. Without
      standardized semantics for these book components, it’s left to
      individuals to improvise their own custom semantics within the
      constraints of the HTML5 specification. But when the tagging for a book
      chapter can fairly accurately be represented as:


      <div class="chapter">


      Or:


      <section class="chapter">


      Or maybe:


      <section data-book-division="chapter">


      Or if you’re not a native English speaker, perhaps:


      <section class="chapitre">


      Then the vocabulary really isn’t precise enough to serve the
      intended purpose. Just as many HTML 4.01 Web developers felt that
      <div> was insufficient to meet their needs, many
      HTML5 book authors will likely feel the same way about the relatively
      small set of sectioning elements available.

    

    
      No Conversions Necessary?


      It’s true that when HTML5 is used as both source format and output
      format that no mappings are needed between markup types, but that
      doesn’t necessarily mean that no document transformations are needed. In
      a DocBook single-source workflow, the conversion of book files to the
      desired output format typically serves two functions. One purpose is
      indeed the markup translation, but the other is the autogeneration of
      book content that is implicit in the structure of the source files: the
      Table of Contents, the Index (if present), and intrabook
      cross-references. These elements are generally not hardcoded into the
      document because doing so is both tedious and redundant.


      A standard Table of Contents simply lists chronologically the
      titles of each major division of the book (chapters, subsections, etc.)
      with hyperlinks and/or page numbers that reference the corresponding
      content in the body of the book. It makes little sense to manually mark
      up the Table of Contents by hand when the process can be automated,
      which is faster and less error-prone. The DocBook XSL
      stylesheets contain logic to handle TOC generation, as do
      Microsoft Word and Adobe InDesign.


      Similarly, it’s desirable to have an Index that is autogenerated
      based on tags embedded in proper context in body text, rather than one
      hardcoded at the end of the book that is alphabetized by hand. A manual
      indexing process is typically so labor-intensive and not amenable to
      ongoing maintenance that it’s left to the very end of the production
      process to ensure that it won’t need to be repeated if text is added,
      deleted, or shuffled about). And for the same maintenance reasons,
      albeit on a smaller scale, “softcoded” cross references are preferable
      to their hardcoded counterparts. Hardcoding text in the manuscript like
      “See Chapter 7 for more details” opens the door to mistakes if at a
      later point in the writing/editing process, a decision is made to
      flip-flop Chapters 7 and 8 in the book. Much better to mark up the
      reference by linking to an anchor, as in the DocBook syntax “See
      <xref linkend="chapter_about_xml"/> for more
      details”, and leave the work of generating the proper chapter number in
      the output to a script.


      Any robust, agile production workflow based on HTML5 is going to
      need to have the capability to autogenerate tables of contents, indices,
      and cross-reference text when appropriate[12]—whether via XSL, JavaScript, or another set of tools. So
      while it’s a good thing that no formal conversions
      are needed in this model, HTML5-to-HTML5 document transformations are
      still very much on the table. Unfortunately, it’s not especially
      realistic to presume that it will be possible to just apply some CSS to
      the HTML manuscript and call it a day.

    

    
      We Don’t Need Your Validator?


      Once transformations are back in the mix, the scale starts tilting
      back in favor of validation again. At minimum, most XML parsers are
      going to require well-formed markup, which means you don’t just need
      HTML5; you need XHTML5. Additionally, if automated Table of Contents,
      Index, or cross-reference generation are part of the toolchain, you may
      also want to validate against some additional requirements such as the
      following:


      
        	
          All major book divisions must have titles (e.g., every chapter
          must have a corresponding nonempty <h1>)

        


        	
          Book-division nesting and headings must follow a sensible
          hierarchy (e.g., no <h1> elements lower in the
          hierarchy than <h2> elements)

        


        	
          All softcoded cross-references must reference ids that are
          present in the markup (e.g., an anchor like <a
          href="#chapter_2"> must point to a corresponding element
          with id="chapter_2")

        

      


      The effort expended in catching these sorts of issues up front may
      pay dividends in terms of less cleanup required when producing the final
      product.

    
  

  
    Bridging the Gap


    To make HTML5 a truly viable markup format for authoring and
    producing long-form text content, it needs to be augmented with a semantic
    vocabulary for book-specific components. Once that’s in place, validation
    rules can be formulated to ensure conformance, and code can be written to
    script generation of navigation elements (table of contents, index, etc.).
    While it’s certainly possible for individual authors and publishers to
    create their own custom schemas and toolsets for HTML5 to fill this void,
    there are standard, universal semantics for book sectioning (e.g.,
    chapter, glossary, afterword), which means there’s a clear opportunity and
    need for an open HTML5-based standard geared toward book authoring so that
    there’s not a constant reinventing of the wheel by each entrant into the
    HTML5-based publishing space. When O’Reilly Media started exploring the
    options for HTML5-based book markup, the first standard we looked at was
    the EPUB ebook format, which added a new semantic vocabulary for book
    components in version 3.0 of the specification.


    
      EPUB 3 and the Structural Semantics Vocabulary


      The International
      Digital Publishing Forum (IDPF), the organization that developed
      and maintains the EPUB standard, recognized the need for richer
      semantics in HTML-based ebook content. In version 3.0 of the EPUB
      standard, they added a new EPUB-specific attribute to the format’s
      supported HTML5 markup called epub:typee11. The epub:type attribute can be
      applied to any element in any content document,[13]and its supported values include any terms defined in the
      “EPUB 3 Structural Semantics Vocabulary”e11_2. Also drafted by the IDPF, the Structural
      Semantics Vocabulary is a companion spec that standardarizes a set of
      semantics for book components. It encompasses a broad lexicon with which
      most in the publishing industry should be familiar, including terms such
      as “chapter”, “appendix”, “part”, “copyright-page”, “errata”,
      “pagebreak”, and “sidebar”.[14]


      Using epub:type, content creators can inflect
      existing HTML5 elements with the additional proper book semantics. For
      example, the following markup:


      <section epub:type="chapter">


      Indicates a section of the document that corresponds to a book
      chapter.


      While epub:type in conjunction with the Structural
      Semantics Vocabulary does provide a standard mechanism for tagging book
      components, it was not intended to serve the needs of content authoring
      and production; it was designed for consumption by ereader software. Per
      the
      EPUB 3 specification, epub:type “provides a
      controlled way for Reading Systems and other User Agents to learn more
      about the structure and content of a document, providing them the
      opportunity to enhance the reading experience for Users.” As such, there
      are a couple key shortcomings that arise when using
      epub:type as a semantic authoring solutions:


      
        
          	It’s EPUB-specific


          	
            The epub:type attribute is not a formal part of
            the HTML5 specification at this time; it’s an add-on that’s
            specific to the EPUB 3 specification and that is a part of the
            EPUB namespace (http://www.idpf.org/2007/ops). Using
            epub:type in your source documents implicitly
            associates them with a specific output format (EPUB) and may
            necessitate additional postprocessing for other formats. For
            example, if the same HTML source content is to be published on the
            Web, you’ll probably want to transform epub:type into
            an attribute supported by the HTML5 spec (e.g., class
            or a custom data attribute), which might also
            necessitate some corresponding CSS tweaks.


            Having semantics that were valid against the HTML5 spec and
            thus output-format-agnostic would be a cleaner, more elegant
            solution for content creators.

          

        


        
          	It doesn’t specify any content model restrictions


          	
            Having proper semantics for HTML elements is likely not
            enough to support more robust validation of the type described in
            We Don’t Need Your Validator?. In EPUB 3, the
            following markup for a chapter and subsection:


            <section epub:type="chapter">
  <h2>This is the chapter heading</h2>
  <p>I am now going to include a subsection here:</p>
  <section>
    <p>It would be odd to put a body-text paragraph before the main section heading</p>
    <h1>Book Markup Best Practices</h1>
  </section>
</section>


            Is as equally acceptable as this markup:


            <section epub:type="chapter">
  <h1>This is the chapter heading</h1>
  <p>I am now going to include a subsection here:</p>
  <section>
    <h2>Book Markup Best Practices</h2>
    <p>It would be odd to put a body-text paragraph before the main section heading</p>    
  </section>
</section>


            However, it’s hard not to argue that the latter markup is
            far superior to the former markup in terms of clean, sensible
            representation of hierarchical book components, as it conforms to
            two rules: a formal section begins with a heading, and subheadings
            should be of lesser importance than their parent headings[15] (i.e., it’s bad practice to nest a
            <h1> under an <h2>).


            I’m not arguing that EPUB 3 should be enforcing these kinds
            of restrictions; as an output format meant for HTML rendering, I
            think it’s an asset that any valid XHTML is acceptable. But as an
            authoring format, these additional restrictions are valuable, as
            consistent, high-quality source markup ensures high-quality
            output.

          

        

      


      It’s not the EPUB specification’s mission to address either of
      these content-authoring concerns, and as such, I feel it’s misguided to
      consider EPUB 3 to be an appropriate HTML authoring format.

    

    
      HTMLBook: A New HTML5 Authoring Standard


      If EPUB 3 isn’t a good fit as an HTML5 authoring format, what
      should be used instead? Since we weren’t aware of another existing open
      standard for authoring in HTML5, my colleagues and I at O’Reilly
      developed our own: HTMLBook. The first Working Draft of the HTMLBook
      specification was released
      publicly in April 2013, along with an XML Schema that can be used
      for validation.


      Unlike EPUB 3, the HTMLBook specification does not include any
      custom add-on elements or attributes that cannot be found in standard
      HTML5. Instead, HTMLBook subsets the content model defined in the HTML5
      specification to add additional requirements and restrictions that apply
      specifically to book components such as chapters, figures, and sidebars.
      This means that documents that are valid HTMLBook documents are also
      valid against the standard HTML5 specification[16] and can be used as is in all HTML5-based output
      formats.


      The key supplemental requirements imposed by HTMLBook are semantic
      inflections on all structural book elements, as well as some additional
      restrictions in the content models of these elements.


      Whenever possible, the values for semantic inflections were drawn
      from those available in the EPUB 3 Structural Semantics Vocabulary, but
      when appropriate terms did not exist in this corpus, values were drawn
      from the DocBook XML vocabulary. In contrast to EPUB 3, the
      data-type attribute is used for semantic inflection instead of epub:type, which
      serves to maintain conformity with the HTML5 spec.


      In a standard HTMLBook document, the <body>
      element is the root element for book content, and requires a
      data-type value of book (any book-related
      metadata―such as ISBN or price—can be captured in
      <meta> elements in the document
      <head>). Nested in the <body> must
      be one or more <section>, <nav>,
      and/or <div> elements that represent standard book
      divisions and that must be inflected accordingly. Here is an example of
      a standard HTMLBook skeleton for a book that has a titlepage, table of
      contents, preface, several chapters, and an appendix:


      <html xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
      xsi:schemaLocation="http://www.w3.org/1999/xhtml ../htmlbook.xsd"
      xmlns="http://www.w3.org/1999/xhtml">
  <head>
    <title>This is the book title</title>
  </head>
  <body data-type="book">
    <section data-type="titlepage">
      <!-- Titlepage content here -->
    </section>
    <nav data-type="toc">
      <!-- Table of Contents content here -->
    </nav>
    <section data-type="preface">
      <!-- Preface content here -->
    </section>
    <section data-type="chapter">
      <!-- Chapter 1 content here -->
    </section>
    <section data-type="chapter">
      <!-- Chapter 2 content here -->
    </section>
    <section data-type="chapter">
      <!-- Chapter 3 content here -->
    </section>
    <section data-type="appendix">
      <!-- Appendix content here -->
    </section>
  </body>
</html>


      Each of these main book divisions can have subdivisions of their
      own, which are <section> elements inflected with a
      data-type value of sect1, sect2,
      sect3, or sect4[17], the appropriate value enforced based on position in the
      overall hierarchy. Additional requirements imposed on book divisions
      that are both direct children of <body> and
      lower-level descendants:


      
        	
          Each division’s first child must be a heading using a heading
          element (<h1>–<h6>) that is
          appropriate to the hierarchy level.

        


        	
          Each division can only contain children that belong to a
          predefined set of Block elements (no raw text nodes). HTMLBook’s
          classification of Block elements is largely consistent with the
          HTML5 specification’s classification of Flow
          Content, minus elements that can also be found in the HTML5
          categories of Heading
          Content, Phrasing
          Content, and Sectioning
          Content.

        


        	
          The Table of Contents content in a <nav>
          element must contain <ol> markup that is
          consistent with the requirements for the Navigation
          Document specified in the EPUB 3 standard.

        

      


      The goal of HTMLBook is not to overlay a panoply of burdensome
      supplemental requirements on top of the HTML5 standard; rather, it’s to
      add the minimum requirements necessary to support
      consistant, semantic tagging of book content to facilitate templating
      and styling with CSS3—as well as auto-generation of
      navigation content and any requisite postprocessing via XSL or
      other scripting language—to produce high-quality outputs in multiple
      formats (both print and digital). Within this general framework, users
      of HTMLBook can employ whatever HTML5 markup they wish, including MathML
      and SVG content.


      Along with the formal specification and Schema document, the
      HTMLBook project contains some sample CSS stylesheets, which authors can
      either use wholesale as design templates for their ebook outputs, or
      adapt to create their own custom styling. It also contains a set of XSL
      stylesheets that can be used to autogenerate Table of Contents, Indices,
      and cross-references for HTMLBook content, as well as assist in
      packaging it as PDF, EPUB, and Mobi.[18] We are currently in the early phases of developing this
      toolchain, but we hope over the coming months to continue to extend and
      refine this open source software to support the growing community of
      authors and publishers who are looking toward HTML5 and Web technologies
      for developing and producing book content.

    
  

  
    Conclusion


    HTML5 is better suited than any other document format to the unique
    demands of next-generation book authoring workflows, where creating both
    print and digital products is the aim, and the value lies in having a
    lightweight, low-cost, efficient toolset. While we’re still in the early
    stages of book authoring platforms and ebook tooling for HTML5-as-source,
    I expect that in a few years, drafting a book manuscript in HTML5 will be
    as commonplace as drafting a manuscript in Microsoft Word is today, and
    that the tools available for both editing and producing books in HTML5
    will continue to grow and evolve.
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Notes
Traditionally, “publishing” a manuscript has meant reifying
          its textual content through the act of printing its words in ink on
          reams of paper that are sliced and bound to create a physical book.
          In the digital age, the distintiction between a “manuscript” and
          “published book” is more nebulous, given that both typically refer
          to an electronic document. As such, I’m defining “publish” here to
          mean the act of packaging manuscript content (either physically or
          digitally) such that it is suitable for distribution to and
          consumption by readers.

        
View note in Notes section
Historically, dividing the book lifecycle into distinct phases
          that employed specialized software applications made perfect sense,
          because there was just one desired output format (a print product)
          and two actors needed to bring it to fruition: the author who did
          the writing and the publisher who did the production. The rise of
          digital publishing and self-publishing has effectively detonated the
          assumptions undergirding ths model, as contemporary publishing
          rewards a much more lightweight, flexible workflow, which can
          produce multiple output formats quickly.

        
View note in Notes section
The largest U.S. ebook sales channels (per O’Reilly’s “Global
          eBook Market” reportw13, Amazon, Barnes
          & Noble, and the Apple iBookstore) all sell ebook content in
          either EPUB or Mobi format. However, many other digital channels
          (such as Scribd) sell ebook
          content in PDF format, either exclusively or in addition to other
          formats. Producing PDF for digital consumption entails generally the
          same process as preparing a PDF for print, with the exception that
          more effort can and should be paid to providing rich intradocument
          navigation (e.g., a hyperlinked Table of Contents and Index,
          bookmarks for key sections, and clickable cross-references between
          chapters).

        
View note in Notes section
The latest versions of EPUB (3.0) and Mobi (KF8) both
            support HTML5 as a core content-document format. The EPUB 3
            specification largely supports the full HTML5
            document model (provided XHTML syntax is used), with just a
            handful of minor
            exceptions. KF8 currently supports only a subset
            of elements new to HTML5, but this subset encompasses the
            majority of new semantic elements, including
            <section>, <aside>, and
            <figure>.

          
View note in Notes section
It’s certainly possible to have a single-source workflow
            that has more than two points of failure, if the toolchain permits
            intermediate formats used between source and output.
            For example, if authors write their manuscript in a lightweight
            markup language that exports to DocBook (e.g., AsciiDoc),
            then there are two transformations built into the system—AsciiDoc
            to DocBook, and DocBook to HTML—which means two opportunities for
            problems to be introduced before the markup is even styled.

          
View note in Notes section
It’s true that the open source DocBook XSL stylesheets
            available in the DocBook project
            are quite mature and robust, as they have been refined over the
            course of the past eleven years, but that does not eliminate the
            need for expert-level knowledge to both maintain the toolchain as
            additional requirements arise (e.g., add support for new EPUB 3
            features in HTML5 output) or customize the DocBook-to-HTML
            mappings to meet publisher-specific style conventions. Performing
            translations between two markup languages is not all that
            different from translating between two spoken languages: to do it
            well, you need to be fluent in both vocabularies and be able to
            effectively map and pattern words to meet the specific syntax
            demands of each. Even for the most knowledgeable and capable
            engineers, that level of complexity is likely to slow down the
            software development process.

          
View note in Notes section
Still true in 2013, although artificial intelligence is
          clearly already making inroads into the field of
          journalism.

        
View note in Notes section
The EPUB format, however, requires that content be well-formed
          XHTML, and many EPUB ereaders (including iBooks, Adobe Digital
          Editions, and Kobo) will not be able to properly render HTML that is
          not well-formed XML (e.g., no <br> instead of
          <br/> or <br></br>).
          Additionally, even if these readers did render EPUBs with non-XHTML
          content properly, these files would still not conform to the EPUB
          specification and would fail epubcheck,
          the official EPUB validation tool. However, given that non-XHTML
          HTML5 content is good enough for the Web, and modern browsers can
          handle “tag soup” just fine, I tend to agree with Daly’s argument in
          “The unXMLing of digital books”[d13] that
          it’s excessively restrictive to impose higher standards on EPUB
          content documents.

        
View note in Notes section
Google is really doubling down on its stake on the cloud being
          the future of business computing with Chrome OS
          and its line of Chromebooks,
          which effectively turn the computer’s entire OS into a web
          app.

        
View note in Notes section
Whenever the virtues of a Web-based authoring tool are touted,
          there’s always one objection that is raised: online editing
          environments are no good because you can’t use them if you lack
          internet connectivity. Obviously that’s true, but you could equally
          well make the argument that computer-based authoring tools are also
          no good because they’re dependent on electricity or battery power.
          The utility of any given tool is context-dependent, and given that
          our modern infrastructure continues to come closer and closer to
          delivering on the promise of constant, ubiquitous internet access,
          it seems prudent to take full advantage of this connectivity when
          developing modern collaboration tools—with fallback offline functionality
          added as feasible.

        
View note in Notes section
Of course, there’s still the risk of “Your webapp won’t run in
          IE6,” but in general, these sorts of issues are much easier to deal
          with. It’s much easier to say “Download another free Web browser”
          than it is to say “Please buy the latest version of this expensive
          software suite” or “Please stop using Windows.”

        
View note in Notes section
If you’re also aiming to produce ebook outputs like EPUB and
          Mobi, some additional transformations may be desirable for these
          output formats to account for the vagaries of HTML rendering on
          different ereader devices. O’Reilly maintains a set of XSL
          stylesheets that preprocess HTML targeted for the Kindle before
          generating Mobi output to achieve better rendering results on
          devices that are not compatible with the KF8 format.

        
View note in Notes section
This includes any HTML5 element, but also any SVG or MathML
          elements embedded in the document, as these vocabularies are also
          supported in EPUB 3 content documents.

        
View note in Notes section
If needed, the default value set offered by the Structural
          Semantics Vocabulary can be extended with terms from other
          vocabularies by using prefixes and the prefix
          attribute. See http://www.idpf.org/epub/30/spec/epub30-publications.html#sec-metadata-assoc
          for more details.

        
View note in Notes section
THe HTML5 specification does formally
                encourage this practice: “Sections may contain headings
                of any rank,
                and authors are strongly encouraged to use headings of the
                appropriate rank
                for the section’s nesting level.” But it’s not a requirement,
                and the EPUB 3 epubcheck
                validator doesn’t enforce it.

              
View note in Notes section
However, the converse is not necessarily true. Just as not all
          rectangles are squares, not all HTML5 documents will meet the
          additional requirements of HTMLBook.

        
View note in Notes section
Borrowed from DocBook XML

        
View note in Notes section
These stylesheets are modeled after the docbook-xsl
          stylesheets, but with a focus placed solely on postprocessing
          and packaging HTML5 content, not on translating it.

        
View note in Notes section
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	[16]However, the converse is not necessarily true. Just as not all
          rectangles are squares, not all HTML5 documents will meet the
          additional requirements of HTMLBook.

        

	[17]Borrowed from DocBook XML

        

	[18]These stylesheets are modeled after the docbook-xsl
          stylesheets, but with a focus placed solely on postprocessing
          and packaging HTML5 content, not on translating it.
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            Abstract
We all know that XML is "fat" and JSON is the "thinner", "faster", "smaller",
                "better" markup. We know this to be true because we've been told it over and over.
                It's "obvious" and "inherently true" because XML has redundant end tags,
                namespaces, entities and other extra "pounds of fat" that JSON doesn't have. But
                where is the science supporting this? What are the facts and what is myth? When
                people make design and architecture decisions it should be supported by facts not
                speculation. In this paper I show the results of an ongoing series of real world
                tests of Markup performance in browsers across a wide variety of devices, browsers
                and operating systems and attempt to quantify markup performance with experimental
                results and maybe trim the fat myth one calorie at a time.
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        The Myth

        JSON is lean and XML is fat. We know this to be true. Here is a typical quote stated
            as an undisputed fact. 

                JSON’s lightweight payload allows for reduced bandwidth needs and faster
                    transfers. JSONLIGHT

            
 Douglas Crockford boldly titles his paper 

                JSON: The Fat-Free Alternative to XML XMLFAT
                

            

            [1]
        

        Simply search the web or ask your friends and except for a few evangelist's XMLJSON1 they will tell you the same thing. For people who want to
            promote and use JSON they often use this "fact" to support their cause. For people who
            want to use and promote XML they usually accept this and point to XML's other features
            that are more important.

        Yet few dispute this fact or attempt a systematic measurement to validate or disprove
            it.  And when they do it's usually a very constrained test with a single corpus AJAX1. It's just true. 

        The worst misconceptions are those which everyone knows to be true, and yet are completely false. Once a false idea gets into the public consciousness, however, they are very difficult to expunge, and rarely go away completely.


        Dr. Steven Novella MISCONCEPTION 

    
    
    

        What is "Fat Markup"?

        When used to describe Markup, "Fat" has many factors and connotations. For the
            purposes of this paper the following attributes are investigated - size, shape, speed
            and looks.

        
            Size Matters

            The total size of a marked up document matters for some purposes. The larger the size
                of the document, generally the more memory it consumes when parsed, the more space
                it takes in storage and the more time it takes to transfer over a network. However,
                a single measurement of size is misleading.

            Size can be measured in bytes, characters, nodes and other metrics - both on
                storage and in memory. Encoding and compression can affect the byte size given the
                same character size in storage (and often memory). Choices of particular markup style
                representing the same document data can affect the number of characters; for example
                choosing shorter element names can produce a document with less characters. Markup
                choices can also affect node structure and size; for example using attributes in XML
                instead of elements for some data produces a different representation of the node
                tree itself which in turn affects the number of characters and bytes. There are many
                other considerations such as numeric precision, ignorable and boundary whitespace,
                defaulted attributes, use of namespaces etc. While some specifics are particular to
                the markup language the concept is valid in both XML and JSON formats.

            Thus given the same document as an abstract object, it is meaningless to attempt
                to provide a single measurement of its size as expressed in a particular markup
                format. However, one can measure specific sizes of a particular representation of a
                document.

            But even given a specific metric for the size of a document, does it matter? That
                would depend on what one cares about. Size is at best an indirect measurement of
                some other quantity one is interested in such as time to transmit over a network or
                disk space used. General intuition is that probably smaller is "better". However, to
                get a more definitive answer then that we need to ask "better for what and whom?" A
                binary compressed document may be smallest and better at conserving disk space but
                not better at readability, usability or parsing speed.

        
        
            Shape Matters

            The "Shape" or particular structure of a document matters for some purposes. For
                example, readability and ease of authoring by humans or machines may be important.
                The "shape" also affects the design of parsers, data models and programming
                API's.

            A particular shape may be better for some uses then others - an exact mapping to a
                particular programming language object structure may be useful in that language but
                cumbersome in another. Even in a single language some models may be better suited
                for direct access and others for searching.

            Shape of a document is hard to quantify, but I suggest that one can use "ease of
                use" as a proxy. A shape that doesn’t fit your use case is hard to use and could be
                considered "Fat" in terms of the difficulty of using it.

        
        
            Speed Matters

            When something is considered "Fat" it's generally implied that its "Slow". Speed
                matters. The time it takes to transfer a document from disk to memory, the time it
                takes to transfer across a network, the time it takes to parse and query a document
                - all matter. There is also developer time. How long does it take a developer to
                learn a language and write code to process a document?

            Sometimes speed in the small doesn’t mean speed in the large. The story of the
                Tortoise and the Hare can provide good reflection on this. As a practical example,
                imagine a document which is very fast to load into a programming language but the
                data format produced doesn’t lend itself for some use cases so extra processing,
                internal transformations to other models or use of complex and slow libraries may be
                required to access the document. For example it is common practice in JSON to embed
                HTML snippets as strings. If you want to search, combine or reformat them you may
                then have to construct an HTML document and parse it with an HTML parser to produce
                an object model which useful. The leanness of the original markup is lost in the
                overhead of having to perform multiple layers of parsing. 

        
        
            Looks Matter

            Fat is generally considered "Ugly". A "Fat Markup" often implies an ugly one. If a
                document format is so ugly you can't stand looking it, you will try to avoid
                it.

            Fortunately "Beauty is in the eyes of the Beholder". This is true in markup as
                well as the humanities. As time, exposure, and fashion change so can the subjective
                beauty of a markup format.

        
        
            What's it all mean?

            Sweeping statements of technologies like "Fat", "Slow", "Bloated" have  imprecise
                meaning. Worse they are often chosen to pull in emotional associations which may not apply to
                the specific cases. So even if it were considered true, what does it mean by saying
                "XML Is Fat"? I suggest it means very little, actually of negative usefulness. A
                markup itself is not used in isolation; it is used in the context of complex
                work-flows including editing, distribution and processing. So what should one do to
                characterize a Markup Language in a meaningful and useful way? 


            I suggest a path lies in defining tests that measure specific use cases and
                provide reproducible metrics. These metrics can be used to get a better
                understanding of the performance of markup in a meaningful way.

            In short, An Experiment.


        
    
    
        The Experiment

        I designed an experiment to attempt to quantify some of the attributes attributed to
            "Fat Markup". In particular I focused on what is generally considered an already
            answered question in particular because I would like to validate that the "common
            wisdom" is in fact based on fact, and if so or not, to what degree and in what exact
            cases. The Experiment focuses on performance of JSON and XML in the use case of being
            delivered by a standard web Server and being parsed and queried in a Browser.
            Furthermore, mobile devices are becoming vastly more prevalent then in the recent past
            and little research addresses Mobile Browsers so I attempt to include them as much as
            possible in the tested scenarios.

        The Experiment I developed attempts to test the following attributes of XML and JSON
            processing.

        
            Multiple Document Corpuses

            Most of the past publications I have found focus on a single corpus of documents and usually attempt to derive a single metric.
                These are often very artificial, focused on a single domain or structurally similar.
                For this experiment I take 6 very different documents and a baseline to attempt to
                cover a range of document uses 'in the wild'.

            Subsets of larger corpus and duplication of smaller datasets were chosen so the
                resultant XML and JSON sizes ranged from 100 KB to 1 MB. These limits were chosen so
                the size was large enough to take noticeable time to load, parse and query but not so
                large as to break most reasonable browsers even on mobile devices.

            The Document corpus used is as follows

            
                	
                    base

                    This is a very basic baseline document. It consists of a root object and a
                        child object with 3 properties. This baseline is used to sanity check the
                        test to make sure proper counting of size and nodes could be easily manually
                        validated.

                

                	
                    books

                    This is an expanded sample of the BOOKS sample distributed with Saxon Saxon. It
                        contains 600 book items, with 300 categories.

                

                	
                    epa

                    A portion of the EPA  Geospatial  data at http://www.epa.gov/enviro/geo_data.html containing a collection
                        of 100 FacilitySite records.

                

                	
                    ndc

                    A subset of the National Drug Code Directory at http://www.fda.gov/drugs/informationondrugs/ucm142438.htm
                        containing a collection of 1000 FORMULATRION records.


                

                	
                    snomed

                    A subset of the SNOMED concept database from http://www.nlm.nih.gov/research/umls/Snomed/snomed_main.html
                        containing a collection of 100 SNOMED concept records.

                

                	
                    spl

                    A single SPL document from the FDA as provided by DailyMed, a website
                        run by the National Institute of Health http://dailymed.nlm.nih.gov/dailymed/downloadLabels.cfm
                    

                

                	
                    twitter

                    A collection of 1000 random tweets from a search of Super Bowl and
                        advertiser terms.   Identifying data from the collection was anonymized by
                        randomizing the user names and ID's.

                

            

        
        
            Document Size and shape

            Most research I have found makes the incorrect assumption that there is a single
                representation of a document in a particular markup. I take a different approach.
                Starting with seven (7) different documents I produce 2 variants in JSON and 3
                variants in XML that all represent the same abstract document. These documents span
                several data styles including simple tabular, highly structured and document format.
                Some of the corpus is synthetic and some taken from real world data. In addition I
                test the support for HTTP gzip compression on these documents.

            
                JSON Formats

                For JSON documents I produced 2 variants. 

                One variant similar to the default XML to JSON transformation from json.org (http://www.json.org/java/index.html). This variant, while fully
                    expressive is generally not what a JSON developer would expect. However, it is
                    what a naive XML to JSON transformation may produce.

                The second JSON variant is a custom transformation informed by the specific
                    data structures and is close to what a JSON programmer might expect from a JSON
                    format.

                In both cases extraneously white-spaces are removed.

                
                    JSON Examples

                    
                        Twitter 1 Full

                        The following is an example of a single JSON object in the twiter-1full.json.  This is representative of a naive conversion from XML using code similar to that at json.org.  Whitespace, newlines and indentation was added for presentation only; it does not exist in the actual document.

                        
                        
                        

{
    "status": {
        "_attributes": {
            "id": "303239543170138114"
        },
        "_children": [
            "\n      ",
            {
                "created-at": {
                    "_children": [
                        "2013-02-17T15:28:35"
                    ]
                }
            },
            "\n      ",
            {
                "user": {
                    "_attributes": {
                        "created-at": "2012-05-30T01:40:04",
                        "description": "No regrets im blessed to say the old me dead and gone away",
                        "favorites-count": "1079",
                        "id": "6674089274671724277",
                        "lang": "en",
                        "name": "AqmtidAkSesSZ",
                        "screen-name": "ITQMiAqmti"
                    },
                    "_children": [
                        "\n         ",
                        {
                            "location": {
                                "_children": [
                                    "Hartselle "
                                ]
                            }
                        },
                        "\n      "
                    ]
                }
            },
            "\n      ",
            {
                "hash-tags": {
                    "_children": [
                        "\n         ",
                        {
                            "hash-tag": {
                                "_attributes": {
                                    "start": "65",
                                    "end": "78"
                                },
                                "_children": [
                                    "coolranchdlt"
                                ]
                            }
                        },
                        "\n      "
                    ]
                }
            },
            "\n      ",
            {
                "source": {
                    "_children": [
                        "&lt;a href=\"http://twitter.com/download/iphone\" rel=\"nofollow\"&gt;Twitter for iPhone&lt;/a&gt;"
                    ]
                }
            },
            "\n      ",
            {
                "text": {
                    "_children": [
                        "Taco Bell has cooler ranch Doritos tacos my life just got better #coolranchdlt"
                    ]
                }
            },
            "\n      ",
            {
                "url-entities": {}
            },
            "\n      ",
            {
                "user-mention-entities": {}
            },
            "\n   "
        ]
    }
                            
                            
                        

                        
Figure 1.Twitter 1 full example

                        This is an example of the same record represented in a format that a
                            native JSON developer may expect. Whitespace, newlines and indentation
                            was added for presentation only; it does not exist in the actual
                            document.

                        
                        
                        

 {
    "status": {
        "id": "303239543170138114",
        "created-at": "2013-02-17T15:28:35",
        "user": {
            "created-at": "2012-05-30T01:40:04",
            "description": "No regrets im blessed to say the old me dead and gone away",
            "favorites-count": "1079",
            "id": "6674089274671724277",
            "lang": "en",
            "name": "AqmtidAkSesSZ",
            "screen-name": "ITQMiAqmti",
            "location": "Hartselle "
        },
        "hash-tags": {
            "hash-tag": [
                {
                    "start": "65",
                    "end": "78",
                    "_value": "coolranchdlt"
                }
            ]
        },
        "source": "&lt;a href=\"http://twitter.com/download/iphone\" rel=\"nofollow\"&gt;Twitter for iPhone&lt;/a&gt;",
        "text": "Taco Bell has cooler ranch Doritos tacos my life just got better #coolranchdlt",
        "url-entities": "",
        "user-mention-entities": ""
    }
},

                            
                            
                            
                        
                            

                        
Figure 2.Twitter 2 custom example
                    
                
            
            
                XML Formats

                For the first format I used the "native" XML format (if the document
                    originated as XML) or a naive transformation from the object model to
                    XML.

                For the second format I took the first format and simply removed boundary and
                    ignorable whitespace

                For the third XML format I transformed the XML into an attribute centric
                    format. This was accomplished by taking all XML elements which contained only
                    text content, no attributes, and is not repeating and transformed that element
                    into an attribute. 

                
                    XML Examples

                    What follows are 3 examples of the same twitter record as used for the XML
                        documents.

                    
                        
                    
  
                        
 <status id="303239543170138114">
      <created-at>2013-02-17T15:28:35</created-at>
      <user created-at="2012-05-30T01:40:04" description="No regrets im blessed to say the old me dead and gone away" favorites-count="1079" id="6674089274671724277" lang="en" name="AqmtidAkSesSZ" screen-name="ITQMiAqmti">
         <location>Hartselle </location>
      </user>
      <hash-tags>
         <hash-tag start="65" end="78">coolranchdlt</hash-tag>
      </hash-tags>
      <source>&lt;a href="http://twitter.com/download/iphone" rel="nofollow"&gt;Twitter for iPhone&lt;/a&gt;</source>
      <text>Taco Bell has cooler ranch Doritos tacos my life just got better #coolranchdlt</text>
      <url-entities/>
      <user-mention-entities/>
 </status>

                     

Figure 3.XML 1 example - base xml with whitespace and indentation
                        
                    

<status id="303239543170138114"><created-at>2013-02-17T15:28:35</created-at><user created-at="2012-05-30T01:40:04" description="No regrets im blessed to say the old me dead and gone away" favorites-count="1079" id="6674089274671724277" lang="en" name="AqmtidAkSesSZ" screen-name="ITQMiAqmti"><location>Hartselle </location></user><hash-tags><hash-tag start="65" end="78">coolranchdlt</hash-tag></hash-tags><source>&lt;a href="http://twitter.com/download/iphone" rel="nofollow"&gt;Twitter for iPhone&lt;/a&gt;</source><text>Taco Bell has cooler ranch Doritos tacos my life just got better #coolranchdlt</text><url-entities/><user-mention-entities/></status>                        
                        
                    
                            

                    
Figure 4.XML 2 example - All whitespace and indentation removed
                    
                    
                        
<status id="303239543170138114" created-at="2013-02-17T15:28:35" source="&lt;a href=&#34;http://twitter.com/download/iphone&#34; rel=&#34;nofollow&#34;&gt;Twitter for iPhone&lt;/a&gt;" text="Taco Bell has cooler ranch Doritos tacos my life just got better #coolranchdlt" url-entities="" user-mention-entities=""><user created-at="2012-05-30T01:40:04" description="No regrets im blessed to say the old me dead and gone away" favorites-count="1079" id="6674089274671724277" lang="en" name="AqmtidAkSesSZ" screen-name="ITQMiAqmti" location="Hartselle "/><hash-tags><hash-tag start="65" end="78">coolranchdlt</hash-tag></hash-tags></status></twitter>                   

                    
                        

                    
Figure 5.XML 3 example - All non-repeating leaf elements pulled up into
                            attributes
                
            
            
                Sizes of corpus

                 The following table lists the corpus documents, types, and sizes (raw and
                    compressed). This data is stored as a resource (index) and is available to the
                    client on start-up. 

                        Table 1Corpus documents with sizes


                            	group
                            	type
                            	name
                            	size
                            	compress-size
                        

                        
                            	base
                            	json
                            	base-custom.json
                            	56
                            	83
                        

                        
                            	base
                            	json
                            	base-full.json
                            	93
                            	107
                        

                        
                            	base
                            	xml
                            	base.xml
                            	45
                            	69
                        

                        
                            	books
                            	json
                            	books1-custom.json
                            	204832
                            	1933
                        

                        
                            	books
                            	json
                            	books1-full.json
                            	438133
                            	3758
                        

                        
                            	books
                            	xml
                            	books1.xml
                            	256030
                            	2412
                        

                        
                            	books
                            	xml
                            	books2.xml
                            	226430
                            	2169
                        

                        
                            	books
                            	xml
                            	books3.xml
                            	186230
                            	1819
                        

                        
                            	epa
                            	json
                            	epa1-custom.json
                            	140914
                            	13024
                        

                        
                            	epa
                            	json
                            	epa1-full.json
                            	199025
                            	14862
                        

                        
                            	epa
                            	xml
                            	epa1.xml
                            	195201
                            	14591
                        

                        
                            	epa
                            	xml
                            	epa2.xml
                            	192449
                            	14528
                        

                        
                            	epa
                            	xml
                            	epa3.xml
                            	136813
                            	12729
                        

                        
                            	ndc
                            	json
                            	ndc1-custom.json
                            	95093
                            	8503
                        

                        
                            	ndc
                            	json
                            	ndc1-full.json
                            	235603
                            	9621
                        

                        
                            	ndc
                            	xml
                            	ndc1.xml
                            	176157
                            	9140
                        

                        
                            	ndc
                            	xml
                            	ndc2.xml
                            	153157
                            	8952
                        

                        
                            	ndc
                            	xml
                            	ndc3.xml
                            	96087
                            	8295
                        

                        
                            	snomed
                            	json
                            	snomed1-custom.json
                            	230371
                            	22665
                        

                        
                            	snomed
                            	json
                            	snomed1-full.json
                            	501577
                            	25757
                        

                        
                            	snomed
                            	xml
                            	snomed1.xml
                            	405294
                            	24484
                        

                        
                            	snomed
                            	xml
                            	snomed2.xml
                            	355195
                            	23853
                        

                        
                            	snomed
                            	xml
                            	snomed3.xml
                            	221409
                            	22237
                        

                        
                            	spl
                            	json
                            	spl1-custom.json
                            	55762
                            	10857
                        

                        
                            	spl
                            	json
                            	spl1-full.json
                            	135948
                            	12398
                        

                        
                            	spl
                            	xml
                            	spl1.xml
                            	99571
                            	11974
                        

                        
                            	spl
                            	xml
                            	spl2.xml
                            	97965
                            	11927
                        

                        
                            	spl
                            	xml
                            	spl3.xml
                            	87755
                            	11262
                        

                        
                            	twitter
                            	json
                            	twitter1-custom.json
                            	715005
                            	196939
                        

                        
                            	twitter
                            	xml
                            	twitter1-full.json
                            	1056212
                            	207340
                        

                        
                            	twitter
                            	xml
                            	twitter1.xml
                            	809469
                            	198325
                        

                        
                            	twitter
                            	xml
                            	twitter2.xml
                            	718016
                            	195197
                        

                        
                            	twitter
                            	xml
                            	twitter3.xml
                            	700412
                            	194971
                        

                    




            

        
        
            Methodology and Architecture

            The experiment contains a Server, Browser, and Analysis components. The components
                were created using standard open source software and as much as possible designed to
                focus on the attributes being tested and eliminating introduction of bias from
                components which are not related to the test goals.

            
                Server

                The Server component provides two roles. It serves the source data used by the
                    Client and collects the results submitted by the client.

                The Server software used is Apache HTTP serverApache. Client
                    documents (HTML, CSS, JavaScript and corpus data) are served as static resources
                    to minimize server side variations.  The server is running on an Amazon EC2
                    instance in Virginia, US.

                Results from the client are sent back to the server via an HTTP POST. The
                    server runs a CGI script which formats the results and queues them to a message queue.[2]

                A data collection script periodically polls the queue for new results and when
                    it receives one enriches the results by expanding the UserAgent string into
                    sub-components for easier identification of browser and OS versions.[3]   The
                    results are then stored locally as an XML file and also published to a database
                    for future analysis.

                The mechanism used to report results is independent of the tests themselves,
                    do not affect the test data and could be replaced by other analogous
                    methods.

                The only Server component that could affect the tests is the serving of static
                    JSON and XML corpus documents. These are exposed as static resources with HTTP
                    GET, with and without gzip compression enabled.


            
            
                Client

                The Client is a Browser based JavaScript application. The GUI components of
                    the client were developed using GWT GWT. The code which performs the measured parts
                    of the tests are hand written JavaScript, with the exception that jQueryJQUERY is used
                    for part of the test as indicated.

                [image: Client Application]
                            
                        
Figure 6.Client Application
                On start-up the client requests an index document and shows a list of all files
                    in the corpus, their types and sizes. The user can choose to run tests
                    individually or as a whole.

                There is one button which when tapped runs all tests then submits the results
                    to the server via an HTTP POST. The time it takes to load, initialize and update
                    the GUI, and to send the results is not included in the results.

                Publicly available data available to the client program (browser) is also
                    included in the results. This data is used to identify the browser and OS of the
                    client.


                
                    Tests

                    When the "Run All Tests" button is tapped the following procedure is run.
                        For each of the files in the index the following is performed and
                        individually timed. 

                            	
                                The data file is fetched from the server in raw (not
                                    compressed) format and stored as a string. Where possible the
                                    actual Content-Length is used to update the data size metric for
                                    this file.

                            

                            	
                                The data file is fetched from the server in compressed (gzip)
                                    format and uncompressed and stored as a string. Where possible
                                    the actual Content-Length is used to update the compressed size
                                    metric for this file.

                            

                            	
                                The data is parsed into an in memory object. For JSON files
                                    this uses the JavaScript eval() method. For XML files standard
                                    browser methods are used to parse the XML file.

                            

                            	
                                The object is "Queried". To simulate a consistent query across
                                    the variety of the corpus all nodes of the document are
                                    recursively descended and counted. The number of nodes visited
                                    is recorded along with the elapsed time.

                            

                            	
                                The data is again parsed into an in memory object. For both
                                    JSON and XML files, jQuery is used to parse the document and
                                    produce a jQuery object.

                            

                            	
                                The object is "Queried". To simulate a consistent query across
                                    the variety of the corpus all nodes of the jQuery document are
                                    recursively descended and evaluated. The number of nodes visited
                                    is recorded along with the elapsed time.

                            


                        

                

            

        
    
    
        Results

        
            Test Coverage


            In addition to a variety of data sources and formats, the experiment attempts to
                cover a range of devices, operating systems, browsers and networks. This is achieved
                by "crowd sourcing". The URL to the test was made public and distributed to a range
                of mailing lists and social media sites including Amazon Mechanical TurkTURK. Ideally
                this experiment can continue for a long duration so that trends over time can be
                measured.

            It is expected that performance varies considerably across devices, especially
                mobile devices, and prior research has largely ignored differences across
                devices.

            Only the browser "User Agent" string is used to distinguish browsers, devices and
                operating systems. This makes some measurements impossible such as distinguishing
                between broadband, wifi, 3G, LTE and other networks.

            However, even lacking some measurements and precision, seeing the range of
                performance across platforms is still educational and useful.

            At the time of this paper approximately 1200 distinct successful tests results
                were collected.

            
                Browser Coverage

           
            
                    Table 2
                        	name
                        	count
                    

                    
                        	Chrome
                        	423
                    

                    
                        	Firefox
                        	277
                    

                    
                        	Mobile Safari
                        	148
                    

                    
                        	IE
                        	75
                    

                    
                        	Android Webkit
                        	75
                    

                    
                        	Safari
                        	72
                    

                    
                        	Chrome Mobile
                        	57
                    

                    
                        	Opera
                        	15
                    

                    
                        	Chromium
                        	7
                    

                    
                        	Mobile Firefox
                        	4
                    

                    
                        	IceWeasel
                        	4
                    

                    
                        	IE Mobile
                        	3
                    

                    
                        	Opera Mobile
                        	3
                    

                    
                        	Avant Browser
                        	2
                    

                    
                        	SeaMonkey
                        	2
                    

                    
                        	Epiphany
                        	1
                    

                    
                        	Netscape Navigator
                        	1
                    

                    
                        	Rekonq
                        	1
                    

                    
                        	Konqueror
                        	1
                    

                



            [image: Browsers Covered]
                        
                    
Figure 7.Browsers CoveredNumber of tests suites run on specific browsers


            
            
                Operating System Coverage


            
                
                    Table 3
                        	OS
                        	count
                    

                    
                        	Windows 7
                        	402
                    

                    
                        	iOS 6
                        	138
                    

                    
                        	OS X 10.8 Mountain Lion
                        	136
                    

                    
                        	Windows XP
                        	70
                    

                    
                        	Linux
                        	69
                    

                    
                        	Android 4.1.x Jelly Bean
                        	48
                    

                    
                        	Linux (Ubuntu)
                        	46
                    

                    
                        	Android 4.2 Jelly Bean
                        	39
                    

                    
                        	Windows 8
                        	38
                    

                    
                        	OS X 10.7 Lion
                        	36
                    

                    
                        	OS X 10.6 Snow Leopard
                        	33
                    

                    
                        	Android 4.0.x Ice Cream Sandwich
                        	32
                    

                    
                        	iOS 5
                        	20
                    

                    
                        	Android 2.3.x Gingerbread
                        	18
                    

                    
                        	Windows Vista
                        	17
                    

                    
                        	Android
                        	8
                    

                    
                        	Android 2.2.x Froyo
                        	5
                    

                    
                        	FreeBSD
                        	3
                    

                    
                        	Windows Phone 8
                        	3
                    

                    
                        	Windows RT
                        	2
                    

                    
                        	OS X 10.5 Leopard
                        	2
                    

                    
                        	iOS
                        	1
                    

                    
                        	Linux (CentOS)
                        	1
                    

                    
                        	Linux (Fedora)
                        	1
                    

                    
                        	iOS 7
                        	1
                    

                    
                        	OS X
                        	1
                    

                    
                        	Solaris
                        	1
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Figure 8.Operating Systems CoveredNumber of tests suites run on specific Operating Systems


        
        


        
            Data Sizes

            XML is inherently larger then than JSON. This is known as 'obviously true' due to
                several factors inherent to XML markup. 

                    	
                        The end tags of XML duplicate data in the start tags making the total
                            text longer.

                    

                    	
                        Namespaces, prefixes, entities, comments, PI's and other XML features
                            add bloat not present in JSON.

                    

                    	
                        JSON has a direct concise representation for arrays which XML does
                            not.

                    

                
 These are all reasonable presumptions, but how much do these things
                contribute to data sizes? In real use how much difference does it make? One of the
                features of modern markup is that we sacrifice some compactness in exchange for
                readability and usability.  If the most important goal was compact size we would be
                using specialized binary formats.   In any case let's look at the actual
                measurements from the corpus. For the most part size is a static feature of the data
                files themselves, although this can be affected somewhat by the transmission
                protocol. Experimentation has shown that overwhelmingly the static data size is very
                close to the HTTP transmitted size of anything but very tiny documents. HTTP does
                add a little variable overhead such as chunked encoding and headers, but this is
                very small. The gzip compression available in HTTP 1.1 has been shown to be equal in
                size to using the "gzip" command. For the purposes of Data Size we shall examine the
                static size of the documents on disk. All documents are stored in UTF-8 encoding as
                plain text files. 

            As we can see from Figure 9, “Corpus File Sizes” and Table 1, for each data set the XML and JSON file size can vary
                significantly depending on the formatting choices used. However, if one carefully
                chooses a formatting style to minimize size then XML and JSON come very close with
                XML smaller in some cases and JSON in others. Looking at the compressed sizes of the
                files in Figure 10, “Compressed File Sizes” we can see that the file sizes are
                very close regardless of formatting style.

            [image: Corpus File Sizes]
                        
                    
Figure 9.Corpus File Sizes Compressed and uncompressed file sizes
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Figure 10.Compressed File Sizes Compressed file sizes (excluding twitter data)


        

        
            Data Transmission Speed

            The predominant factors influencing data transmission speed are the size of the
                data transmitted and the network speed. In addition, processing speed of the client
                (browser) and server have some influence as well as packet losses and other internet
                related issues. Mobile networks generally have significantly higher latency so are
                more affected by packet loss and retransmission.

            This experiment focuses on measuring end to end speeds of HTTP from server to
                browser using uncompressed and HTTP gzip compression across a range of devices and
                browsers. It does not attempt to examine the root causes of network bandwidth and
                traffic.

            The range of devices and networks produces a large scatter of transmission speeds.
                While the trend is that uncompressed and compressed data are fairly linear with
                respect to bytes transferred there are a lot of outliers. Note that each mark
                represents the same base document requested uncompressed then compressed via HTTP.
                If network speed was identical for both then the marks would have x and y values
                equal, forming a tight line.  Rather we see significant amount of outliers.

            Transmission Speed
[image: Transmission time in bytes/sec for Compressed (x) vs Raw (y)]
                        
                    
Figure 11.Transmission time in bytes/sec for Compressed (x) vs Raw (y)


        
        
            Parsing Speed

            So far we have dealt with markup agnostic metrics. It doesn’t take any more or less
                time to transfer the same number of JSON bytes as XML bytes. Parsing is a different
                matter. This experiment tests two variants of parsing for each JSON and XML. The
                first variant is to use standard low level JavaScript methods for parsing. The other
                variant is to use a common library (jQuery). The code for parsing was hand written
                JavaScript and corresponds to what seems "best practice" in web programming
                today.

                      
  eval('(' + responseString + ')');


            
Figure 12.JSON Parsing using native JavaScript
            	            
   $wnd.jQuery.parseJSON( responseString );


            
Figure 13.JSON Parsing using jQuery
            function getIEParser() {
    try { return new ActiveXObject("Msxml2.DOMDocument"); } catch (e) { }
    try { return new ActiveXObject("MSXML.DOMDocument"); } catch (e) { }
    try { return new ActiveXObject("MSXML3.DOMDocument"); } catch (e) { }
    try { return new ActiveXObject("Microsoft.XmlDom"); } catch (e) { }
    try { return new ActiveXObject("Microsoft.DOMDocument"); } catch (e) { }
            
    throw new Error("XMLParserImplIE6.createDocumentImpl: Could not find appropriate version of DOMDocument.");
};
if ($wnd.DOMParser){
    parser=new DOMParser();
    xmlDoc=parser.parseFromString(responseString,"text/xml");
}
else // Internet Explorer
{
    xmlDoc=  getIEParser();
    xmlDoc.async=false;
    xmlDoc.loadXML(txt); 
}
return xmlDoc ;


            
Figure 14.XML Parsing using native JavaScript
            	            
 $wnd.jQuery.parseXML( responseString );


            
Figure 15.XML Parsing using jQuery

            [image: Parsing speed using JavaScript in seconds vs file size]
                        
                    
Figure 16.Parsing speed using JavaScript in seconds vs file sizeParses time in seconds for native JavaScript (y) vs size of raw
                            document in bytes (x).


            [image: Parsing speed using jQuery in seconds vs file size]
                        
                    
Figure 17.Parsing speed using jQuery in seconds vs file sizeParses time in seconds for jQuery (y) vs size of raw document in bytes
                            (x).


        


        
            Query Speed

            Testing query across markup languages and a diverse corpus is tricky to achieve
                without bias. For the purposes of this experiment I postulate that the purpose of
                loading the document (JSON or XML) is to use all of it's data in some form.

            Therefore to simulate a fair "query" I perform a recursive decent of the parsed
                object's document model and count every node. There are certainly many other equally
                good definitions of "query" but I wanted to have a similar test across all the
                corpus that has a reasonable relevance to typical use cases.



            The following listings show the JavaScript code for a recursive decent query of
                all nodes in the document. It is very interesting to the author that despite popular
                opinion the code for JSON and XML are extremely similar. XML has attributes which
                adds a few lines of code but otherwise it's effectively the same amount of
                programming to recurse and examine a JSON object and an XML object in JavaScript and
                jQuery. XML adds about 4 lines of JavaScript to handle attributes in both the
                JavaScript and jQuery case, but other than that the code is nearly identical.

            	            
var n = 0;
var walk = function(o){
  if( o == null || typeof(o) == "undefined" ) 
     return;
  n++;
 
  for(var prop in o){
    n++;
    if(o.hasOwnProperty(prop)){
      var val = o[prop];

      if(typeof val == 'object'){
          walk(val);
      }            
    }
     else
        var val = o ;
  }
};

walk( this );
return n; 


            
Figure 18.JSON Query using native JavaScript
            	            
var n = 0;
var walk = function( o )
{
    if( o == null || typeof(o) == "undefined")
        return ;
    n++;
    $wnd.jQuery.each(o, function(key, value) {
      if( value != null && typeof(value) == "object" )
           walk( value )
}
walk(this);
return n;
        
 

            
Figure 19.JSON Query using jQuery
            	            
var n =0;
var walk = function( o )
{
    if( o == null || typeof(o) == "undefined" )
       return ;  
    n++;
    if( o.attributes != null && typeof(  o.attributes) != "undefined" )
        for( var x = 0; x <  o.attributes.length; x++ ) {
            n++;
        }
    if(  o.childNodes != null && typeof(  o.childNodes) != "undefined" )
        for( var x = 0; x <  o.childNodes.length; x++ ) {
            walk(  o.childNodes[x] ); 
        }
}
walk(this);
return n;
 

            
Figure 20.XML Query using native JavaScript
            	            
var n = 0;
var walk = function( o )
{
    if( o == null || typeof(o) == "undefined" )
       return ;
    n++;
    $wnd.jQuery( o).children().each( function( ) {
        n++ ;
        walk( this );      
    })
    var a = o.attributes;
    if( a != null && typeof(a) != "undefined" )
        $wnd.jQuery(a).each( function() {
         n++;
    })
}
walk(this);
return n;       
 

            
Figure 21.XML Query using jQuery
            Taking a look at the query times however, JSON clearly has an advantage over XML
                in pure query times. jQuery clearly imposes a significant penalty on XML query but
                it also imposes a huge penalty on JSON query.

            [image: Query speed using JavaScript in seconds vs file size]
                        
                        
                    
Figure 22.Query speed using JavaScript in seconds vs file sizeQuery speed in seconds (y) using pure JavaScript vs file size
                            (x).


            [image: Query speed using jQuery in seconds vs file size]
                        
                    
Figure 23.Query speed using jQuery in seconds vs file sizeQuery speed in seconds using jQuery (y) vs file size (x).


        
        
            Putting it together

            So far we have looked at pieces of the entire work-flow - network speed, parsing
                and query. Putting it all together what does it look like? Lets assume the developer
                has chosen the most compact form for each document (JSON and XML), presuming that
                would also be the most efficient form. What performance can we see across all
                devices, OS's and browsers tested ? The following figures show the full time for
                each test using only the most compact form of each document, tested using pure
                JavaScript and jQuery, both compressed and uncompressed HTTP transfers.

            The results are somewhat surprising. It's not a great surprise that jQuery adds a
                significant performance penalty, but it is a surprise that across all ranges of
                platforms that the total time for JSON and XML using native JavaScript is
                effectively identical. Compare Figure 24, “Complete time uncompressed in pure JavaScript in seconds vs file size” and Figure 26, “Complete time gzip in JavaScript in seconds vs file size”. This is still looking at the whole forest and not
                the trees, but it is surprising to the author that there appears to be no
                significant performance penalty using XML over JSON in pure JavaScript. However,
                jQuery does impose a significant performance penalty to both JSON and XML, much more
                so for XML.

            [image: Complete time uncompressed in pure JavaScript in seconds vs file size]
                        
                    
Figure 24.Complete time uncompressed in pure JavaScript in seconds vs file
                        sizeTotal time uncompressed in seconds. (transmission + parse + query) in
                            pure Javascript (y) vs raw document size (x)


            [image: Complete time uncompressed in jQuery in seconds vs file size]
                        

                    
Figure 25.Complete time uncompressed in jQuery in seconds vs file sizeTotal time uncompressed in seconds (transmission + parse + query) in
                            jQuery (y) vs raw document size (x)


            [image: Complete time gzip in JavaScript in seconds vs file size]
                        

                    
Figure 26.Complete time gzip in JavaScript in seconds vs file sizeTotal time gzip compressed in seconds (transmission + parse + query)
                            in pure JavaScript (y) vs raw document size (x)


            [image: Complete time gzip in jQuery in seconds vs file size]
                        
                    
Figure 27.Complete time gzip in jQuery in seconds vs file sizeTotal time gzip compressed in seconds (transmission + parse + query)
                            in jQuery (y) vs raw document size (x)


        
        
            Pulling it apart

            It is interesting to see how everything adds up, but so far we've seen the forest
                not the trees. What does it look like for a particular user? Where is time spent for
                a specific document on a particular browser and OS?

            Since the experiment collects data from such a wide variety of systems it's
                difficult to show a meaningful view of this. Averages and even percentiles mean very
                little when looking at data that spans orders of magnitude. Instead lets look at a
                couple typical test results which might help make sense of the big picture.

            The following are the total of median times (median(data transfer) + median(parse)
                + median(query)) for the most compact form of the Twitter document in both JSON and
                XML using both pure JavaScript and jQuery across all browsers. These results span
                across a variety of devices, some browsers are obvious if they are mobile or desktop
                and some are not obvious.

            In the following charts, the vertical axis is time in seconds (more is slower),
                and the horizontal axis represents one combination of  "User Agent" + either JSON or
                XML (for every user agent there is two columns of data).    Network transfer time is
                indicated as blue.  Parsing time is indicated as red. Query time is indicated as
                green.

            
            [image: Browser Processing Speed, Uncompressed, JavaScript]
                        
                    
Figure 28.Browser Processing Speed, Uncompressed, JavaScriptMedian total times in seconds (y) for Twitter document, raw file using
                            JavaScript vs. user agent (y). User Agent is often a proxy for device type.


            In Figure 28, “Browser Processing Speed, Uncompressed, JavaScript” we can see that the total time is dominated by
                network transmission time.   Mobile browsers such as Android Webkit, IE Mobile  and
                Opera Mobile take more time in the parsing and query layer probably due to their
                slower CPU.

            [image: Browser Processing Speed, Uncompressed, jQuery]
                        
                    
Figure 29.Browser Processing Speed, Uncompressed, jQueryMedian total times in seconds (y) for Twitter document, raw file using
                            jQuery vs. user agent (y).   User Agent is often a proxy for device
                            type.


             In Figure 29, “Browser Processing Speed, Uncompressed, jQuery”  notice the change in the vertical access to
                accomidate for large time spent in query and parse on some devices.   Network time
                remains the same but in many more cases are parse and query time a larger
                contributor.

            [image: Browser Processing Speed, Compressed, JavaScript]
                        
                    
Figure 30.Browser Processing Speed, Compressed, JavaScriptMedian total times in seconds (y) for Twitter document, compressed
                            using JavaScript vs User Agent (y). User Agent is often a proxy for device type.


            In Figure 30, “Browser Processing Speed, Compressed, JavaScript” notice the change in vertical axis.  The total time is dramatically smaller revealing the relative times for parse and query being a larger portion of the total time, especially on mobile devices.

            [image: Browser Processing Speed, Compressed, jQuery]
                        
                    
Figure 31.Browser Processing Speed, Compressed, jQueryMedian total times in seconds (y) for Twitter document, compressed using jQuery vs User Agent (y). User Agent is often a proxy for device type.


            In Figure 31, “Browser Processing Speed, Compressed, jQuery” we can see the impact of using jQuery on mobile devices especially for XML.

        
    
    
        Problems and Issues

        The topic in general and the experiment in particular are difficult issues to address.
            The topic itself is "slippery". How does one address a generalized concept where the
            basis is ill defined and the generalization is hazy?  What is trying to be proved? The
            experiment only addresses a few questions from a huge range of possibilities.

        Focusing on the experiment itself there are many specific issues which could be improved and should be addressed in future experiments.

        
            	
                    Browser Focused

                    The experiments and this paper focus specifically on the use case of data
                        sent from a "Server" and parsed and queried in a "Browser".  There is no
                        testing of server based processing of data. The language in the browser is
                        limited to JavaScript which has very limited choice of technologies so there
                        was no testing of different libraries, languages and technologies.

                    Additional experiments involving server to server communications would be
                        useful to collaborate the findings and expand on the range of
                        analysis.

                

                	
                    Browser Errors

                    The nature of the client program is such that server errors are not
                        reported. If things go wrong in the client then no record is reported. Only
                        by out of band information have I discovered issues such as individuals who
                        were not able to run the test. For example IE versions 8 and below were
                        particularly problematic and reports indicate it would stop part way through
                        the test. Future experiments should have a means of better reporting of
                        errors.   

                    In addition approximately 1% of the results showed meaningless data most
                        likely a result of a browser error.  An example is tests that report
                        negative times or file sizes.  These tests were excluded from the
                        analysis.

                

            	Limited Corpus
The Corpus was designed to span a wide range of use cases, but ultimately any sample set of data is limited and biased.  Future experiments could improve on the variety and focus on if different types of data perform differently.

 
             	
                    Simplistic parsing tests

                    The parsing test does not attempt to do very much with the data besides
                        walk the parsed tree. More complex tests could be performed that attempt to
                        do something with the data such as create new objects or search for specific
                        values. I choose this test as a bare minimum that could be universally
                        applied to the entire corpus but acknowledge that it could be biased in that
                        it does very little with the parsed data so may not reflective of real world
                        use cases.

                

                	
                    Too Much Data

                    This experiment produced a lot of data. Compared to many scientific
                        experiments the data size is trivial, but for the purposes of distilling
                        down a few basic principles the amount and variety of test results is
                        daunting especially in its variety. On the other hand, more data is better
                        than less and this experiment improves on many attempts to categorize markup
                        performance in browsers. I am hopeful that the experiment can run for a long
                        duration so that ongoing analysis can be performed. The raw data will be
                        provided for those who wish to analyze it themselves.

                

            	Statistical Analysis
This paper focuses more on showing the range of results with visualizations and trends rather
                        than traditional statistical analysis. However this seems less scientific
                        and exact then ideal. Many more visualizations and analysis would be useful
                        but are limited by forum of publication and time, imagination and skills of
                        the author. Suggestions on improvement of the analytics and visualizations
                        are greatly welcome. 


            	
                    Crowd Sourcing

                    Due to a lack of an army of volunteers and a vast personal collection of
                        hardware, crowd-sourcing was used to enlist participation. This produced a
                        good number of responses (about 650 as of this writing) but is likely to
                        include self-selected bias. The distribution channel for the solicitation
                        and people who volunteered to run the tests may well not be a statistically
                        good sample set. Future experiments should focus on getting a wider range of
                        people to perform tests.

                

                	
                    Mechanical Turk

                    In order to acquire more test samples, Amazon "Mechanical Turk"TURK was employed to hire additional testers focusing on
                        mobile devices. This added about 500 additional responses in a 3 day period
                        at an average cost of 15 cents (USD) / test. 

                

        
        

        
    
    
        Conclusions

        We have shown that many of the presumptions of "Fat XML", while well imagined, do not
            hold up to experiment. Given the same document object, one can produce nearly identical
            sized JSON and XML representations. Network transfer speed is directly related to the
            document size so is unaffected by the markup given similar size. Compressed documents in
            all formats even very "Fat" representations of JSON or XML compress to nearly identical
            size which is an indicator that they contain approximately the same entropy or
            information content and transferring these documents to a wide variety of devices takes
            effectively the same time per device. Parsing speed varies on the technique used. Pure
            JavaScript parsing generally performs better with XML then with JSON but not always,
            while Query speed generally is faster for JSON, but again, not always. Overall using
            native JavaScript the use of XML and JSON is essentially identical performance for total
            user experience (transfer plus parse plus query), however use of the popular JavaScript
            library jQuery imposes a steep penalty on both JSON and XML, more-so for XML. [4]

        From a programming perspective accessing both JSON and XML in a generic fashion, using
            either pure JavaScript or jQuery is very similar in complexity and difficulty. Not shown
            is the advantage of accessing JSON objects as JavaScript objects using "dot notation"
            which provides a programming advantage, however the evolution towards using query
            languages to access JSON (or XML) such as jQuery largely negates that advantage. Future
            enhancements in JavaScript libraries and cross compilation technologies (such as
                CoffeeScriptCOFFEESCRIPT, GWT and DartDART) may
            well equalize these discrepancies but that is yet to be seen. The fact that hand-coded
            JavaScript query of XML can perform as well as query over JSON does suggest that
            libraries such as jQuery could be optimized for similar performance and especially cross
            compilers should be able to achieve similar performance. On the other-hand, the wide
            adoption of JavaScript libraries even in the face of significant performance degradation
            even for JSON suggests that developers are not as concerned about performance
            considerations over ease of programming.  This may be because the data layer of the
            application is small compared to the other components of the application such as GUI and
            business logic.

        

        Suggestions to Architects and Developers

        Architects and developers who are seriously interested in maximizing performance should consider the following.

            
                	Use HTTP Compression
The use of HTTP compression, regardless of the device, operating system, browser or markup
                        language is the biggest factor in total performance, and by inference, user
                        experience. Use of HTTP Compression should be used in most cases where large
                        amounts of data is being transferred from server to client. The exception is
                        that in some cases under powered devices can actually perform slower with
                        compressed data then uncompressed data. If you are targeting low end mobile
                        devices then using your own tests to validate customer experience is
                        suggested.


                	
                    Optimize your markup

                    Optimizing markup for transmission and query provides a second order
                        performance enhancement. Sometimes this is at the cost of usability.
                        Compression effectively eliminates the advantages of optimized markup for
                        transmission purposes, but parsing and query times are affected by the
                        particulars of the markup form. Choosing the right balance between ease of
                        programming and transmission should be seriously considered. If your target
                        is specific known devices then optimizing for those devices may be
                        beneficial. How you intend to use the data once it is turned into JavaScript
                        objects is also an important consideration. Using a library like jQuery
                        eliminates the preconceived advantage of native "dot notation" for
                        JavaScript (using JSON) but adds loose binding, query, search and often
                        performance degradation.

                

                	
                    Use optimized libraries or hand coded JavaScript.

                    Use of libraries to ease development effort can have a significant
                        performance penalty. This penalty is in general much greater than the
                        penalty of which markup format you are using. If performance is your most
                        important factor then avoiding unoptimized libraries will be your biggest
                        performance gain regardless of the markup format. Look to the future for
                        this issue to be improved. If more developers prioritize performance then
                        library and cross compilation vendors are likely to focus more on
                        performance. In any case your choice of a parsing and query library are by
                        far the biggest performance factor beyond compression, much more so than the
                        markup format. Look to Cross Compilation technologies such as GWT and Blink
                        to provide machine optimized JavaScript code much like the compilers for C,
                        C++ and Java do for non browser environments. 

                

                	
                    Know your users.

                    Performance varies *vastly* across browsers, operating systems and
                        devices. If you know your users and their platforms you can make better
                        choices about which technologies and formats to use. But be aware that
                        implementations change frequently and what is efficient today may be slow
                        tomorrow and visa-versa so optimizing too tightly for particular devices may
                        be detrimental in the future.  Mobile devices are particularly prone to
                        differences in performance but are often hard to optimize because the
                        biggest hit is network speed which is usually not under the programmers
                        control. However programming for minimum network usage will provide the best
                        advantage for mobile devices. Use of HTML local storage, JavaScript based
                        applications which avoid passing page markup and instead pass data and allow
                        page transitions to be performed without a round trip to the server are
                        likely going to provide good user experience. 

                

                	
                    Markup doesn’t matter.

                    The choice of JSON vs XML is nearly indistinguishable from a performance
                        perspective. There are a few outliers (such as Mobile and Desktop Firefox
                        using jQuery) where there is a notable difference but as time goes on and
                        vendors pay attention to user feedback I expect these differences to be
                        reduced. But for most uses the difference in markup choice will result in
                        little or no user noticeable difference in performance and end user
                        experience. There are significant browser architectural changes coming such
                        as HTML5 and Chrome Blink BLINK. We don’t know what
                        performance changes these will incur but evidence suggests that performance
                        in the browser is a main goal of new browser technologies.  Looking to the
                        future the landscape may change.

                

                	
                     Markup Matters
Contrary to myth, performance varies very little with different markup formats in current
                        devices and software. However the shape and ease of use of markup formats
                        can matter for developers (both client and server). As can be seen with the
                        use of libraries such as jQuery, performance is often trivially tossed away
                        in exchange for ease of programming - even with JSON. Sometimes that is a
                        reasonable tradeoff.  [5]
                    

                    Engineering is about balancing compromises. Make the compromise that
                        maters to you, your product, your business and your customers. If
                        performance matters to you and your applications - do what it takes to
                        achieve maximum performance. If it doesn’t matter then use whatever
                        technology is easiest for you. Often the "you" is many people in an
                        organization or across organizations. If its harder for the producer of data
                        to change formats then work with them to use their format. If its harder for
                        the consumer to change formats then work with the producers to produce the
                        format the consumer needs.

                    In any case make this decision based on facts not myth. 


                	
                    Is Data really your problem ?

                    This paper focuses exclusively on data transmission, parsing and querying.
                        It may well be that in your application that component is a small piece
                        compared to display and business logic. If the data layer is not a
                        significant part of your performance or development problem then it may not
                        be worth the effort to optimize it. As your application evolves your data
                        use may change so always be open to re-evaluating decisions made early in
                        the design process.

                

                	
                    Don’t Trust Anyone

                    Don’t believe blindly what you are told. Perform experiments, test your
                        own data and code with your own users and devices.  What "seems obvious" is
                        not always true.

                    As always with engineering; experiment, develop, test. And test
                        again.

                    The source code and data corpus is published at https://code.google.com/p/jsonxmlspeed/. The raw results for
                        this experiment will be published along with this paper for peer review.
                        Test it. Dispute it. Come up with better tests and publish the
                        results.

                     It is hoped that an ongoing interactive web site will be developed to
                        continue to track, analyze, and monitor this research.

                

            
            

        
    

    
        References


        [AJAX1] AJAX - JSON vs. XML http://www.navioo.com/ajax/ajax_json_xml_Benchmarking.php

        [XMLJSON1] Edward A. Webb, XML vs JSON http://www.edwardawebb.com/tips/xml-json

        [JSONLIGHT] janu bajaj, My Open Source Initiative http://bajajblog123.blogspot.com/2012/07/json.html

        [XMLFAT] Douglas Crockford, 2006; JSON: The Fat-Free Alternative to XML http://www.json.org/fatfree.html

        [MISCONCEPTION] Dr. Steven Novella; http://tech.groups.yahoo.com/group/skeptic/message/30893

        [Saxon] Saxon XSLT and XQuery Processor http://www.saxonica.com

        
        [BLINK] Chrome Blink http://www.theverge.com/2013/4/3/4180260/google-forks-webkit-with-new-blink-rendering-engine-for-chrome
        

        [GWT] Google Web Toolkit https://developers.google.com/web-toolkit/

        [JQUERY] jQueryt http://jquery.com/

        [COFFEESCRIPT] CoffeeScript http://coffeescript.org/

        [DART] DART http://www.dartlang.org/

        [TURK] Mechanical Turk https://www.mturk.com/mturk/

        [Apache] Apache HTTPD server http://httpd.apache.org/

    
Notes
Although interestingly he claims that JSON is neither a document format nor a
                    markup language.JSON is not a document format. It is not a markup
                        language.

            
View note in Notes section
Amazon SQS service was used for the messaging queue http://aws.amazon.com/sqs/

                    
View note in Notes section
The service "user agent info" http://user-agent-string.info/ was used for this enrichment.

                    
View note in Notes section
Experiments comparing different JavaScript libraries would be useful to see if
                    jQuery is unique or is representative of JavaScript query libraries in
                    general.

            
View note in Notes section
 It is interesting to the author that the use of libraries like
                                jQuery entirely eliminate the native advantage in JavaScript of
                                using JSON as the data format ("dot notation"), add significant
                                processing overhead and yet is strongly promoted while XML usage is
                                discouraged under the guise of it not mapping well to native
                                JavaScript data structures and its slow performance. Compare the
                                jQuery code for JSON and XML and you can see the programming
                                difference is nearly indistinguishable. 
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                                jQuery entirely eliminate the native advantage in JavaScript of
                                using JSON as the data format ("dot notation"), add significant
                                processing overhead and yet is strongly promoted while XML usage is
                                discouraged under the guise of it not mapping well to native
                                JavaScript data structures and its slow performance. Compare the
                                jQuery code for JSON and XML and you can see the programming
                                difference is nearly indistinguishable. 
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     Abstract
The problem of overlapping structures has long been familiar to the
      structured document community. In a poem, for example, the verse and line
      structures overlap, and having them both available simultaneously is
      convenient, and sometimes necessary (for example for automatic analyses).
      However, only structures that embed nicely can be represented directly in
      XML. Proposals to address this problem include XML solutions (based
      essentially on a layer of semantics) and non-XML ones. Among the latter is
      TexMecs HS2003, a markup language that allows overlap
      (and many other features).

      XML documents, when viewed as graphs, correspond to trees. Marcoux M2008 characterized overlap-only TexMecs documents by
      showing that they correspond exactly to completion-acyclic node-ordered directed acyclic graphs.
      In this paper, we elaborate on that result in two ways.

      First, we cast it in the setting of a strictly larger class of graphs,
      child-arc-ordered directed graphs, that
      includes multi-graphs and non-acyclic graphs, and show that —
      somewhat surprisingly — it does not hold in general for graphs with
      multiple roots. Second, we formulate a stronger condition, full-completion-acyclicity, that guarantees
      correspondence with an overlap-only document, even for graphs that have
      multiple roots.


      The definition of fully-completion-acyclic graph does not in itself
      suggest an efficient algorithm for checking the condition, nor for
      computing a corresponding overlap-only document when the condition is
      satisfied. We present basic polynomial-time upper bounds on the complexity
      of accomplishing those tasks.


      
     
    Copyright © 2013 by the authors.  Used with permission.

   
  


   
    1. Motivation and related work


    
      1.1. Graphs and documents



      Many operations are more conveniently performed on a graph
	representation than on a linear representation of a marked up
	document, and vice versa. One of the strengths of XML is that
	XML documents in serial form are readily deserialized into
	ordered trees, which form a convenient data structure for many
	useful operations.[1]
      

      
      So-called “XML trees” are directed acyclic
	graphs with single parenthood and a total ordering on leaf
	nodes. While this constitutes an intuitively natural and
	generally suitable model for the representation of the
	structure of most documents, and for most purposes, it also
	poses a challenge for the representation of complex structures
	such as overlapping, fragmented or disordered document
	elements, and multiple co-existing alternative structures,
	which allow for a more natural representation of complex
	documents in a wide range of situations.


      For such purposes, a different kind of graph
	representation has been proposed, the so-called Goddag SH2004. Roughly, Goddags (General Ordered-Descendant Directed Acyclic
	  Graphs) are like XML trees except that they allow
	multiple parenthood and do not require a total ordering on
	leaf nodes. (Thus, XML trees constitute a subset of
	Goddags.)

      
      Documents using different techniques for representing such
	structures in XML form (e.g., milestones, fragmentation,
	virtual elements, etc.  B1995 SH1999 W2005) can be mapped onto
	Goddags, though not without application-specific mechanisms
	typically involving levels of indirection which may appear
	cumbersome. The experimental markup system TexMecs HS2003 offers mechanisms for the representation of
	complex structures which can be mapped on to Goddags
	independently of such knowledge.


      Since its introduction, the Goddag data structure has
	frequently been cited, and it is used as a reference in
	various works on overlap. (For example, Moore M2012
	studied Goddags in the context of access control, and
	introduced the notion of globally ordered
	  Goddag.) However, the original description of
	Goddags is rather informal, and exhibits the kinds of gaps,
	vaguenesses, and ambiguities that have, over time, given
	informality a bad name among mathematicians and others
	interested in firm results.


      For example, it was  conjectured that a
	linearized document which made use, in addition to the
	mechanisms of XML, only of markup for overlapping elements,
	could be represented by a Goddag with a total order on leaf
	nodes (so-called restricted
	Goddags), but no proofs were given of this fact. The paper was
	silent and its authors agnostic about the serializability of
	graphs with multiple roots, and the relationship between Goddags
	and markup in terms of serializability was not systematically
	investigated. In HS2003, it was assumed, but
	no attempt was made to prove, that all TexMecs documents could
	be represented as Goddags, or that all Goddags could be
	serialized as TexMecs documents. The present paper is a modest
	contribution towards straightening up the situation, by way of a
	systematic study of the fine point of the complex relationship
	between markup formalisms like TexMecs and graph structures like
	Goddags.

    

    
      1.2. The problem of serialization

      
      The general problem is this: whenever a markup system (be it
	XML, TexMecs, or another system) provides more than one way to
	represent a given abstract structure,[2] 
	that same abstract structure can be written out again
	(serialized) in more than one way.  Can we control the
	serialization process to provide the marked-up forms we find
	easiest to work with at a given moment?  Can we tell, by
	inspection of a given graph, what serialization formats are
	possible for the graph?  In many cases, a marked up form using
	overlapping elements, seems to at least some observers to be the
	most natural representation of a given document;
	when can a graph be serialized using overlap alone, and when
	does it require use of the more powerful mechanisms of virtual
	or discontinuous elements?
      

      A concrete example may help illustrate the point.

      

	In the following fragment (adapted from D2004), the verse elements are
	empty milestones marking the beginning and end of verses, in
	Trojan Horse style markup.  A Goddag structure
	representing this fragment would have nodes for the verses,
	but those nodes do not correspond one to one with XML elements
	in this serialization:[3]

      
<div xmlns="http://www.tei-c.org/ns/1.0">
  <p>
    <verse xml:id="Jer.2.1"/>
    Moreover the word of the LORD 
    came to me, saying,
    <verse eID="#Jer.2.1"/>
    <q n="Q-Jer.2.2-A">
      <verse xml:id="Jer.2.2"/>
      Go and cry in the
      hearing of Jerusalem, saying,
      <q n="Q-Jer.2.2-B">
	Thus says the LORD:
	<q n="Q-Jer.2.2-C">
	  I remember you, 
	  The kindness of your youth, 
	  The love of your betrothal, 
	  When you went after Me in the wilderness, 
	  In a land not sown.
	  <verse eID="#Jer.2.2"/>
	  <verse xml:id="Jer.2.3"/>
	  Israel [was] holiness to the LORD, 
	  The firstfruits of His increase.  
	  All that devour him will offend; 
	  Disaster will come upon them,
	</q>
	<!--True Close Q-Jer.2.2-C-->
      says the LORD.</q>
      <verse eID="#Jer.2.3"/>
      <!--* ... *-->
    </q>
  </p>
</div>

      The same Goddag structure can also be serialized in an extended
	form of TexMecs notation.[4]
	
<div|
  <p|
    <verse@Jer.2.1|Moreover the word 
    of the LORD came to me, saying,|verse>
    <q n="Q-Jer.2.2-A"|
      <verse@Jer.2.2|
	Go and cry in the
	hearing of Jerusalem, saying, 
        <~@Jer.2.2b|
          Thus says the LORD:|~>
        <~@Jer.2.2c|
	    I remember you, 
	    The kindness of your youth, 
	    The love of your betrothal, 
	    When you went after Me in the wilderness, 
	    In a land not sown.|~>
      |verse>	
      <q n="Q-Jer.2.2-B"|
        <=@Jer.2.2b=>
	  <q n="Q-Jer.2.2-C"|
            <=Jer.2.2c=>
            <~@Jer.2.3a|
	    Israel [was] holiness to the LORD, 
	    The firstfruits of His increase.  
	    All that devour him will offend; 
	    Disaster will come upon them,
            |~>
          |q>
      |q>
      <verse@Jer.2.3|
        <=Jer.2.3a=>
        says the LORD.
    |verse>
    <* ... *>
    |q>
  |p>
|div>

      
	This particular Goddag structure can also be
	serialized without virtual elements, just by allowing
	the q and verse elements
	to overlap:
	
<div|
  <p|
    <verse@Jer.2.1|
    Moreover the word of the LORD 
    came to me, saying,
    |verse>
    <q n="Q-Jer.2.2-A"|
      <verse@Jer.2.2|
      Go and cry in the
      hearing of Jerusalem, saying,
      <q n="Q-Jer.2.2-B"|
	Thus says the LORD:
	<q n="Q-Jer.2.2-C"|
	  I remember you, 
	  The kindness of your youth, 
	  The love of your betrothal, 
	  When you went after Me in the wilderness, 
	  In a land not sown.
	  |verse>
	  <verse@Jer.2.3|
	  Israel [was] holiness to the LORD, 
	  The firstfruits of His increase.  
	  All that devour him will offend; 
	  Disaster will come upon them,
	|q>
	  says the LORD.
	|verse>
      |q>
      <* ... etc. ... *>
    |q>
  |p>
|div>


	Intuitively, many readers find the overlap-only version of the
	document simpler and more natural than the version using
	bilocation tags. But (as demonstrated by M2008), not all Goddag structures can be 
	written out using only overlap, without virtual elements,
	discontinuous elements, or bilocation tags. 

      
	This leads directly and obviously to the questions
	When can graphs be serialized
	  using overlap only?  And conversely, when are other
	  markup mechanisms necessary?
      


      Marcoux M2008 introduced the notions of
	noDAG and overlap-only
	  (oo) TexMecs as a first step towards answering these
	questions.
	A noDAG is a node-ordered directed acyclic graph,
	i.e., a slight variation on the Goddag, where there is a strict partial
	ordering on nodes. As a markup language, oo-TexMecs is the subset of TexMecs that
	allows multiple roots and overlapping elements, but not virtual or interrupted
	elements. Marcoux established that a noDAG is serializable if and only if it is
	completion-acyclic, and that
	“round-tripping” is possible, in that there is essentially a
	bijective correspondence between noDAGs and oo-TexMecs documents.
 
    
    
      1.3 The approach of this paper

      In order to investigate whether and how the results of 
	M2008	apply to other classes
	of graphs, we introduce here the more general notion of a child-arc-ordered directed graph (CODG), and
	demonstrate that the results from M2008 hold also for CODGs,
	with the somewhat surprising exception of some CODGs with multiple roots. By defining the stronger
	notion of “fully completion-acyclic” graphs, we succeed in
	identifying this subset: the oo-serializable CODGs are exactly the
	fully-completion-acyclic ones. We also give basic polynomial-time upper bounds
	on the complexity of checking full-completion-acyclicity and of actually
	computing an oo-serialization of fully-completion-acyclic
	CODGs.

    

    
  
   
    2. Child-arc-ordered directed graphs
 
    
    2.1 Definition A child-arc-ordered directed graph (CODG for short) G = (V, ch) is a
    directed graph over a
    finite
    non-empty set of vertices (or nodes) V, where ch (for children) is a total mapping from V to finite (and possibly
    empty) sequences of nodes from V. The set of arcs (or edges) of G, noted
    E(G), comprises exactly those ordered pairs (v, w) for which

     
      (∃n ∈ N)[ ch(v, n) = w ],
 
    
 
    where N represents the set of non-negative integers. The notation
    ch(v, n) is used as a shorthand for (ch(v))(n), that is, for the element with
    index n in the sequence ch(v). We use 0-origin indexing; thus, for all v
    ∈ V, ch(v, 0) denotes the first child of v (or is undefined, if v has no child).
 
    Note: Throughout this paper, the
    “parent” relation must be understood to be the exact inverse of
    the “child” relation (we bother to make this explicit because it
    is not the case in some other models, such as
    the XPath 1.0 data model).

    It is possible for the same child to show up at more than one place
    in a sequence of children; that is, ch(v, n) = ch(v, m) with m ≠ n is
    possible. Loops are allowed; that is, ch(v, n) = v for a given n is possible.
 
    Note that (v, w) ∈ E(G) for given v and w tells only part of the story: There
    could be many distinct values of n for which ch(v, n) = w. Also note that the
    length of ch(v), i.e., the smallest value of n (≥ 0) for which ch(v, n) is undefined,
    is greater than or equal to the number of distinct children of v (if v has no child,
    ch(v) = ∅, which, as a sequence, is of length 0).
 
    CODGs are very loose structures: they can be
    “multi-graphs,” in that more than one arc can link any given
    pair of nodes. They can have cycles and loops (i.e., cycles of length one).
    There can be both a direct (length one) and indirect path between any two given
    nodes.

    The rationale for the adjective child-arc-ordered is that for all
      v ∈ V, ch(v) can be seen as inducing an ordering on the arcs going out of v (the
      child-arcs of v).

    Examples We present examples of
    CODGs illustrating some of their features.
 
    [image: ../../../vol10/graphics/Marcoux01/Marcoux01-001.png] 
     
      Example 2.1 
    
 
    Example 2.1 illustrates that CODGs can be disconnected, and that, in a
    CODG:
 
     
      	 
        A node can have more than one parent (here most simply
	  node d, with parents a and c, but also node b [with
	  parents a and b]). This is a significant departure from
	  the rule of single parenthood in XML.
 
      
 
      	 
        There can be cycles and loops (cycles of length 1); here
	  the only example is the loop on node b.
 
      
 
      	 
        The same node can occur more than once as a child of
	  some parent (here node c, which is both second and fourth
	  among the children of node a).
 
      
 
      	 
        There can be both direct and indirect paths between two
	  nodes (here node a dominates node d both directly and
	  via node c).
 
      
 
    
 
    Note that the order of the
      outgoing arcs is usually not shown explicitly in the visual representation of a CODG.
      We adopt the convention of drawing
      the arcs going out of any node in order from left to right (even if
      the arcs must cross each other further down, in order to reach
      the child node they point to).  So the leftmost arc leaving any
      parent is pointing to that parent's first child, and the
      rightmost arc points to that parent's last child.[5]
      Thus, in Example 1, ch(a) = (b, c, d, c).
 
    On the rare occasions that this convention is not practical, we use
    explicit green arrows between the outgoing
    arcs to indicate their order, as in the next example.
    


    [image: ../../../vol10/graphics/Marcoux01/Marcoux01-002.png] 
     
      Example 2.2 
    
 

    In Example 2.2, ch(a) = (b, c) and ch(d) = (e, c). Right-pointing
    arrows, though superfluous, are sometimes shown as a reminder of the implicit
    convention.


    Sibling precedence For all v, ch(v) 
      induces a sibling-precedence relation sp(v) among
      the children of v, defined by:
      

        sp(v) =def { (w, x) ∈ V × V
          | (∃m, n ∈ N)[ m < n & ch(v, m) = w & ch(v, n) = x ]
          }.

      

      This relation may or may not be a strict order relation. When it is, we say that v
      orders its children.

    
    [image: ../../../vol10/graphics/Marcoux01/Marcoux01-003.png] 
       
        Example 2.3 
      
 

    Example 2.3 illustrates that parents may order the same nodes
    differently as children. Thus, note that ch(a) = (b, c), which induces the 
    strict order relation b
    < c, and ch(d) = (c, b), which induces the strict order relation c < b.
 

    In examples in which no pair of nodes is ordered differently by different
    parents, we will usually place the green arrows between nodes, rather than between
    arcs:
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      Example 2.4 
    
 

    Auxiliary concepts We now define a
    number of auxiliary concepts useful in discussions of CODGs.  All
    of them are secondary concepts in the sense that they are entirely and uniquely
    determined by the set of vertices and the sequences of children of the
    graph.
 
    2.2 Definition Let G = (V, ch) be a
    CODG. Then:
 
     
      	 
        ⇒G denotes the (positive)
        transitive closure of E(G).
 
        Note that ⇒G is not necessarily
        antireflexive, as E(G) may contain cycles.
 
      
 
      	 
        ⇒*G
        denotes the reflexive transitive closure of E(G), that is:
 
         
          ⇒G ∪ { (v, v) | v ∈
          V }.
 
        
 
      
 
      	 
        sp(G) =def { (v, w, x) ∈ V × V × V
        | (∃m, n ∈ N)[ m < n & ch(v, m) = w & ch(v, n) = x ]
        }.
 
        The name “sp” stands for “sibling
        precedence.” Note that, iff w occurs more than once in the sequence of
        children of v, then (v, w, w) ∈ sp(G). Note also that it is entirely
        possible for both (v, w, x) and and (v, x, w) to be members of sp(G).
        Finally note that sp(G) is the union over all v ∈ V of ({v} × sp(v)),
        where sp(v) is the sibling-precedence relation induced by ch(v), as defined above 
        at Sibling precedence.
 
      
 
      	 
        gsp(G) =def { (w, x) ∈ V × V |
        (∃v ∈ V)[ (v, w, x) ∈ sp(G) ] }.
 
        The name “gsp” stands for “global sibling
        precedence.” It is the projection of sp(G) onto the last two components.
        It follows from the observations in the preceding point that there can be loops
        and cycles in gsp(G).
 
      
 
    
 
    2.3 Notation Let G = (V, ch) be a CODG.
    Unless otherwise stated:
 
     
      	 
        V can also be denoted by V(G),
 
      
 
      	 
        E denotes E(G),
 
      
 
      	 
        ⇒ denotes ⇒G,
 
      
 
      	 
        ⇒* denotes
        ⇒*G,
 
      
 
      	 
        sp denotes sp(G),
 
      
 
      	 
        gsp denotes gsp(G).
 
      
 
    
 
   
   
    3. Overlap-only documents
 
    The phenomenon we wish to study in this paper is how the structural
    properties of a CODG relate to the fact that it mimics the containment and
    precedence relationships among elements in some marked-up document. More
    specifically, we want to consider documents expressed in markup languages that
    allow overlapping elements, such as TexMecs HS2003. Thus, we
    need to define a model for such documents.
 
    TexMecs allows many more constructs than element embedding and
    overlap. However, in this paper, we concentrate on those two, ignoring the
    others, such as virtual elements, interrupted elements, empty elements,
    attribute specifications, entity references, generic identifier co-indexing
    (for handling self-overlap), unordered contents, and comments. This is why we
    speak of “overlap-only” (or “oo”) documents. When
    the structure of a CODG corresponds to the containment and precedence
    relationships of some oo-document (to be defined precisely in a moment), we say
    the CODG is “oo-serializable,” because the oo-document can be
    viewed as a serialization (a representation in
    serial form) of the CODG.
 
    Instead of defining documents as character strings with syntactic
    constraints, we use a more abstract approach that avoids some complications and
    leads to results that are simpler to formulate. More constraints on the
    definition of document could later be added to suit specific markup languages
    if and when desired.
 
    Intuitively, we adopt a tokenized view of the document, where tokens
    are tags and leaves. Tokens are represented by their (integer) position in the
    sequence of tokens that make up the document.

    The tags in our model of oo-documents correspond, in the XML
      world, to start- and end-tags for non-empty elements.

    The leaves in our model of oo-documents correspond, in the
      XML world, to text nodes (#PCDATA) and empty elements. Note that
      our model abstracts away from the actual textual content of
      elements and documents, and also ignores the differences among
      different element types. We claim, however, that our abstraction
      captures the essential structural aspects of marked-up documents
      with possible element overlap.


    3.1 Definition An oo-document is a finite set of pairs of
    the form (x, y), where x, y ∈ N (the set of non-negative
    natural numbers) and x ≤ y, additionally satisfying a number of
    “well-formedness” constraints (stated below).

    The pairs in a document are called ranges. If r = (x, y) is a
    range, then r1 and r2 denote
    respectively x and y.

    Intuitively, a range gives the position of a start-tag and of the
    corresponding end-tag, or the position of a leaf, in which case, x =
    y. Formally, if D is an oo-document:
 
     
       
        	 
          leaves(D) =def { x ∈ N | (x, x)
          ∈ D },
 
        
 
        	 
          stags(D) =def domain(D) -
          leaves(D),
 
        
 
        	 
          etags(D) =def image(D) -
          leaves(D).
 
        
 
      
 
    
 
    Note that, as usual:

     
       
        	 
          domain(D) =def { x ∈ N | ( ∃ y ∈ N | (x,
            y) ∈ D ) }, and
 
        
 
        	
          image(D) =def { y ∈ N | ( ∃ x ∈ N | (x,
            y) ∈ D ) }, and

        

      
 
    
 
    Oo-documents are subject to the following well-formedness
    constraints.
 
     
      For all oo-document D:
 
       
        	 
          D is a partial function over N, i.e., for all x ∈ N,
          there is at most one y such that (x, y) ∈ D.
 
        
 
        	 
          D-1 (that is, the inverse
	    of D) is also a partial function over N, i.e., for all y
	    ∈ N, there is at most one x such that (x, y)
	    ∈ D.
 
        
 
        	 
          stags(D) ∩ etags(D) = ∅.
 
          Put less formally: No token is both a start-tag and an
          end-tag.
 
        
 
      
 
    
 
    It must also be remembered that (as stated at the beginning of the
    definition) for all range r, r1 ≤
    r2, which corresponds to the normal
      rule of syntax that start-tag must precede its matching end-tag.

    Note that we do not require the numbering of token positions to be
    gap-free, nor do we forbid consecutive leaves without intervening
    tags. There is also no requirement of an element spanning the whole
    document: this is of course crucial for oo-documents to be able to
    correspond to graphs with multiple roots.

     

    3.2 Definition Let D be an oo-document,
    and r, s ∈ D:
 
     
      	 
        r is said to contain s iff
        (r1 < s1 and
        s2 < r2).
 
      
 
      	 
        r is said to precede s iff
        (r1 < s1 and
        r2 < s2).
 
      
 
    
 
    Note that in the latter case, r and s may or may not overlap. Also
    note that r cannot both contain and precede
    s.
 
   
   
    4. Correspondence between a graph and a document
 
    Intuitively, a CODG and an oo-document correspond to each other when the nodes of the graph and
    the ranges of the document can be put in correspondence in such a way that node
    reachability corresponds to range containment, and gsp corresponds to range
    precedence.
 
    4.1 Definition A CODG G and an
    oo-document D correspond to each other iff
    there exists a bijective mapping g from V(G) to D, such that all of the
    following conditions hold:
 
     
      	 
        (∀ b, c ∈ V(G)) [(b ⇒ c) iff g(b) contains
        g(c)]
 
      
 
      	 
        (∀ b, c ∈ V(G)) [if (b, c) ∈ gsp(G), then
        g(b) precedes g(c)]
 
      
 
    
 
    We then say that G and D correspond to each other
    through g.
 
    4.2 Definition A CODG G is said to
    be oo-serializable iff there exists an
    oo-document that corresponds to G.
 
    It is clear that every oo-document has a corresponding CODG: use
    ranges as nodes, and the transitive reduction of range containment as
    parent-child relation. Then, order all sets of siblings in range precedence
    order.
 
    It is also clear that some CODGs are
    not oo-serializable: for example, a CODG with cycles would imply (by
    transitivity) a range containing itself, which is impossible. But are all
    acyclic CODGs oo-serializable? The following examples, inspired from
    M2008, show that the question is at best not trivial:
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      Example 4 
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      Example 5 
    
 
    Both graphs are acyclic and they differ by just the presence/absence
    of one arc. Yet, only the first one is oo-serializable M2008.[6]
    
 
    In M2008, Marcoux defined noDAGs, or
    node-ordered DAGs, as (essentially) directed
    acyclic graphs (DAGs) in which the nodes are partially ordered in such a way
    that siblings (children of a common parent), as well as
    distinct roots, are totally ordered. He then defined the property of
    completion-acyclicity for noDAGs, and showed
    that oo-serializable noDAGs are exactly the completion-acyclic ones.
 
    In order to investigate whether the same is true of CODGs, we must
    define an analogous property for CODGs. The following definition is the natural
    adaptation of completion-acyclicity to CODGs.
 
    4.3 Definition Let G = (V, ch) be a
    CODG. Then:
 
     
      	 
        ssba(G) =def { (w, x) ∈ V × V |
        (∃v ∈ V)[ v ⇒ w & (v, x) ∈ gsp & x
        ⇏ w ] }.
 
        The name “ssba” stands for
        “should-start-before additions.”
 
      
 
      	 
        ssb(G) denotes the transitive closure of (E ∪ gsp ∪
        ssba).
 
        The relation “ssb” is called the
        “should-start-before completion” of G.
 
      
 
      	 
        seaa(G) =def { (w, x) ∈ V × V |
        (∃v ∈ V)[ v ⇒ w & (v, x) ∈
        gsp-1 & x ⇏ w
        ] }.
 
        The name “seaa” stands for “should-end-after
        additions.” The relation gsp-1 is
	the inverse of relation gsp.
 
      
 
      	 
        sea(G) denotes the transitive closure of (E ∪
        gsp-1 ∪ seaa).
 
        The relation “sea” is called the
        “should-end-after completion” of G.
 
      
 
    
 
    4.4 Notation Let G = (V, ch) be a CODG.
    Unless otherwise stated:
 
     
      	 
        ssba denotes ssba(G),
 
      
 
      	 
        ssb denotes ssb(G),
 
      
 
      	 
        seaa denotes seaa(G),
 
      
 
      	 
        sea denotes sea(G).
 
      
 
    
 
    The relations ssb and sea can be understood as meaning:
    “should <something>
    in any oo-serialization of the
    CODG,” for example “should
    end after in any oo-serialization of the
    CODG.” Thus, “(v, w) ∈ ssb” can be read out as:
    “v should start before w in any oo-serialization of the CODG.” In
    other words, ssb (respectively, sea) represents the start- (respectively, end-)
    tag-precedence relations that can be deduced from the topology of the CODG,
    supposing parent-child relations are interpreted as element containment, and
    sibling-precedence relations as start- and end-tag-precedence.
 
    The relations ssba and seaa represent the “additional”
    arcs (over and above those in E and gsp or gsp-1)
    that must be considered to compute all the
    possible ssb and sea pairs that can be deduced from the CODG topology.
 
    4.5 Definition A CODG G = (V, ch) is
    said to be completion-acyclic (CA) iff each of
    ssb(G) and sea(G) is acyclic.
 
   
   
    5. Main results
 
    Things are not as simple with CODGs as with noDAGs. There
    are, it turns out, CODGs that are completion-acyclic, yet not oo-serializable. Our
    first result is to show that Example 2.2 above, as well as the following CODG,
    are in that situation:
 
    [image: ../../../vol10/graphics/Marcoux01/Marcoux01-007.png] 
     
      Example 6 
    
 
    Since the number of structurally distinct documents that can
    possibly correspond to a 5-node graph is finite, we could
    exhaustively enumerate them and verify that none of them correspond
    to either Example 2.2 or to
    Example 6. 
      However, that would not be very
      insightful.[7]
We will thus rather proceed by way of a lemma (5.9) that
    provides a general characterization of oo-serializable CODGs, and
    will be useful for our second main result.
 
    5.1 Definition Let G = (V, ch) be a
    CODG. The ancestral precedence relation of G,
    denoted ap(G), is defined as:
 
     
      ap(G) =def { (v, w) ∈ V × V | (v
      ⇒ w) & (w ⇏ v) }.
 
    

    It is easy to show that ap(G) is always a strict partial-order on V.
    Informally, we could say that ap(G) gets rid of the cycles in G by contracting
    its (maximal) strongly-connected components, then re-expanding them to an equal
      number of disconnected
    vertices.
    
 
    
    5.2 Definition Let G = (V, ch) be a
    CODG. A root in G is a vertex r ∈ V for
    which:

     
      (∄w ∈ V)[ (w, r) ∈ ap(G) ].
 
    

    5.3 Notation Let G = (V, ch) be a CODG.
    Unless otherwise stated, ap denotes ap(G).
 
    
    
    The next result establishes that for any distinct roots v and w,
    either v and w are in the same strongly-connected component, or else v and w
    are unordered in each of ssb and sea.
 
    5.4 Lemma Let G = (V, ch) be a CODG,
    and v and w two distinct roots in G. Then, either:
 
     
      (v ⇒ w) & (w ⇒ v)
 
    
 
    or
 
     
      { (v, w), (w, v) } ∩ ((ssb ∪ sea) − ⇒) = ∅.
 
    
 
    Note: For space consideration, most
    proofs are omitted. 
 
    Thus, an important difference between noDAGs and CODGs is that the
    latter can have unordered root pairs, whereas noDAGs have (by definition) their
    roots totally-ordered.
 
    
    5.5 Definition A CODG G = (V, ch) is
    said to be sp-consistent iff gsp is an acyclic
    relation, i.e., iff:
 
     
      (∀v ∈ V)[(v, v) ∉ transitive-closure(gsp)].
 
    
 
    Note that if G is truly a multi-graph, i.e., if some node occurs more
    than once as a child of the same parent, then G is certainly
    not sp-consistent. However, G could fail to be
    sp-consistent without being a true multi-graph, for example if two siblings are
    ordered differently by two distinct parents.
 
    5.6 Definition A CODG G = (V, ch) is
    said to be reduced iff no node is both
    directly and indirectly reachable from some other node, i.e., iff:
 
     
      (∄v, w, x ∈ V)[ {(v, w), (v, x)} ⊆ E(G) &
      w ⇒ x].
 
    
 
    Note that if there is a cycle in G, then it is not reduced.
 
    5.7 Lemma If a CODG is
    sp-consistent, is reduced, and has a single root, then it is isomorphic to a
    noDAG; thus, by M2008, it is oo-serializable iff it is
    completion-acyclic.
 
    5.8 Definition Let G be a CODG. A
    single-rooted extension (sre) of a G, is
    identical to G with an added root that has as children the roots of the
    original CODG, in some ordering, without
    repetition.
 
    Note that, in general, a CODG has more than one sre (in effect, n!,
    where n is the number of roots in the original CODG, i.e., one for each
    possible ordering of the original roots).
 
    5.9 Lemma A CODG is oo-serializable
    iff it has an sre that is oo-serializable.
 
    Proof sketch. (←): Let G be a
    CODG, and H an oo-serializable sre of G. Let D be any serialization of H.
    Because H has only one root, and D corresponds to H, there must be a range in D
    that contains all the others. Thus, the first and last tag of H must be
    matching tags. By “removing” those tags from D, we obtain an
    oo-serialization of G.
 
    (→): Let G be an oo-serializable CODG, and D any serialization
    of G. By “adding” a start-tag and a matching end- tag at
    (respectively) the beginning and end of D, we obtain a document that can be
    shown to correspond to some sre of G.
 
    We are now ready to state our first main result:
 
    5.10 Theorem There exist CODGs that
    are completion-acyclic but not oo-serializable.
 
    Proof sketch. The theorem follows
    from the observations that:
 
     
      	 
        Each of Examples 2.2 and 6 is completion-acyclic.
 
      
 
      	 
        Each of Examples 2.2 and 6 has exactly two sres, each of which is
        sp-consistent, reduced, and (by definition of sre) has a single root.
 
      
 
      	 
        Each sre of each of Examples 2.2 and 6 is completion-cyclic.

      
 
    
 
    By Lemma 5.7, none of Examples 2.2 and 6 has an sre that is
    oo-serializable. Thus, by Lemma 5.9, none of Examples 2.2 and 6 is
    oo-serializable.
 
    Our second main result is easiest seen as a corollary to the proof of
    the preceding theorem. First, we define:
 
    5.11 Definition A CODG is said to be
    fully-completion-acyclic (FCA) iff it has an sre
    that is completion-acyclic.
 
    5.12 Theorem A CODG is
    oo-serializable iff it is fully-completion-acyclic.
 
    Proof sketch. The theorem follows
    from the proof of the preceding theorem and the following lemma:
 
    5.13 Lemma If a CODG is not
    sp-consistent or is not reduced, then it is not completion-acyclic.
 
   

  
    6. Checking full-completion-acyclicity


    An obvious way to check whether a CODG is fully-completion-acyclic is to try
    out all possible sres and see if at least one is completion-acyclic. From a
    completion-acyclic sre, it would be easy to derive an oo-serialization
    of the CODG. However, since there are n! different sres to check (where n is
    the number of roots in the CODG), this can be very inefficient. It would be
    nice to be able to check whether a CODG is fully-completion-acyclic without
    having to generate all possible sres.


    It turns out it suffices to check each pair of roots for a particular
    condition which is verifiable in polynomial time. Since there are n × (n - 1)
    / 2 root-pairs and checking the condition can be done in polynomial time, it
    follows that full-completion-acyclicity can in fact be checked in polynomial
    time.


    The condition to be checked is as follows.


    6.1 Definition Let r and s be two roots of
    some CODG G = (V, ch) that are unordered with respect to ssb(G). We say that r
    must precede s, noted r ↝ s, iff there
    exist vertices x and y standing in either (or both) of the following configurations with
    respect to r and s:
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          Root-pair configuration 1
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          Root-pair configuration 2
        
      


    Here, the double-arrows represent the reachability (⇒) relation, not just
    parent-child relationships. The red double-arrow (with a stroke through it)
    means the complement of ⇒ (thus, in Configuration 1, s ⇏ x). It does not
    matter whether or not r ⇒ y (resp. s ⇒ x) in Configuration 1 (resp.
    Configuration 2). In other words, at least one of r
    ⇏ y and s ⇏ x must be the case. The dotted green arrow means that (x, y) ∈
    (ssb − ⇒), in other words, that x precedes y without being an ancestor of
    it.


    An instance of at least one of those configurations is found in each of the following
    CODGs:
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        Example 7
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        Example 8
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        Example 9
      
    


    6.2 Lemma Let G be a CODG, and r and s be
    two roots in G such that r ↝ s. Then, for each H that is a CA sre of G, (r, s)
    ∈ gsp(H).


    Proof sketch. If there exists no CA sre of G, or if
    there are no two roots r and s in G such that r ↝ s, then the lemma is
    vacuously verified. Let thus H be any CA sre of G and, for the sake of
    contradiction, suppose r and s are two G-roots such that r ↝ s and such that
    (r, s) ∉ gsp(H). Suppose x and y are two vertices as in Configuration 1
    above (we prove only the case of Configuration 1; that of
    Configuration 2 is proved similarly).


    By the definition of sre, if (r, s) ∉ gsp(H), then it must be the case that
    (s, r) ∈ gsp(H), and thus, by construction of ssb(H) (Definition 4.3-2),
    that (s, r) ∈ ssb(H). Hence, it follows by Lemma 4 of M2008 and the fact that r and s do not stand in
    ancestor-descendant relationship (being both G-roots, they are
    ⇒-incomparable), that (r, s) ∈ sea(H). Similarly, from (x, y) ∈ ssb(H) and x ⇏
    y, and y ⇏ x (because (x, y) ∈ ssb(H)), we conclude that (y, x) ∈
    sea(H).


    Now, by construction of sea(H) (Definition 4.3-4), and from the facts
    that r ⇒ x, that (r, s) ∈ gsp-1(H), and that s ⇏ x,
    we conclude that (x, s) ∈ sea(H). So, we have (y, x) ∈ sea(H) (established
    earlier), and (x, s) ∈ sea(H), and (s, y) ∈ sea(H) (because s ⇒ y). Thus,
    sea(H) is cyclic, contrary to our hypothesis that H is CA, and so we must
    reject the hypothesis that (r, s) ∉ gsp(H), and conclude that (r, s) ∈
    gsp(H).


    QED


    6.3 Theorem A CODG is FCA iff it is CA and
    it does not have any two roots r and s such that r ↝ s and s ↝ r.


    Proof sketch.


    (⇒) Any FCA CODG is CA. If a CODG had roots r and s such that r ↝ s and s ↝
    r, then by Lemma 6.2, it would have a cycle in ssb, and thus could not be
    CA.


    (⇐) Let G be a CA CODG in which no two roots r and s are such that r ↝ s and
    s ↝ r. Note that by Lemma 5.13 and the fact that G is CA, we know that G
    is sp-consistent and reduced, and will thus take this for granted.


    We give an algorithm for constructing an ordering of the roots of G that can
    be used as the root-order in a sre H of G which will be shown to be FCA. In
    the algorithm, ssb(G, ROR) denotes the result of building ssb as per
    Definitions 4.3-1 and 4.3-2, but using gsp(G) ∪ ROR instead of
    gsp(G)


    Algorithm:
    

      	
        Let ROR = { (r, s) | r and s are roots in G and r ↝ s }.

      

      	
        Let SSB = ssb(G, ROR).

      

      	
        WHILE (∃ x, y ∈ V)[ch(x) = ch(y) & {(x, y), (y, x)} ∩ SSB =
        ∅] 

        	
          Pick any x and y satisfying the WHILE clause, and
          let X = x, and Y = y.

        

        	
          Let ROR = ROR ∪ {(r, s) | r and s are roots in G,
          and r ⇒* X, and s
          ⇒* Y}.

        

        	
          Let SSB = ssb(G, ROR).

        

      

      

      
      
 When the algorithm stops, ROR is the root-order to be used for
    constructing H.


    The intuition behind the algorithm is best conveyed with examples.
    Essentially, the algorithm goes like this: start with the root-orderings that
    are imposed by the topology of the CODG, i.e., those pairs of roots (r, s) for
    which r ↝ s. Then, for the other root-pairs, they can basically be ordered
    randomly, as long as no silly decision is taken.


    To see what silly decisions would be, consider
    Example 10. A silly decision would be to stick root r between s and t. To
    avoid such decisions, the root-ordering must be built gradually, considering
    one by one (the order does not matter) the unordered pairs of parents of the
    same children. For each such pair (x, y), decide of an arbitrary order, then,
    make sure all roots reachable upwards from x come before all those reachable
    upwards from y (there can be no root reachable both ways, otherwise, x and y
    would have been ordered to start with).


    Each time such root-orderings are added, the consequences on the global ordering
    of the CODG are recomputed and propagated down from the roots.


    Example 11 provides a more intricate example, in which eight possible
    pairs of unordered parents of the same children exist: (u, w), (u, x), (v, w),
    and (v, x), and their inverse. Whichever pair is chosen, it will result in roots r and s
    being ordered at step 3b, and then, in all eight pairs being ordered at 
    step 3c.


    Examples 12 and 13 show that the addition of a leaf can cause some
      root-pairs to be ordered from the start: (r ↝ s) and (r ↝ t) in
      Example 12; (r ↝ s) in Example 13.
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          Example 10
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    Proof sketch of termination: At each turn, at least one
    pair of the kind sought for in (3) is ordered. Indeed, it can be shown that
    the chosen pair (x, y) causes arcs to be added to ROR that will necessarily
    order the pair (x, y) itself. Thus, eventually, no pair satisfying the WHILE
    clause will remain.


    Proof sketch that ROR orders all pairs of roots: The
    existence of an unordered root-pair 
    implies that there is a pair satisfying the WHILE clause. Thus, when no more
    such pair exists, all the roots 
    have been ordered.
    


    Proof sketch that ssb(G, ROR) is acyclic: Any condition
    that might cause a cycle would also cause a cycle in { (r, s) | r and s are
    roots in G and r ↝ s }, a contradiction.


    A rough analysis of the algorithm shows that its running time is polynomial
    (probably with degree at most 3 or 4). Obviously, it could be used to actually
    build a CA sre of any FCA CODG, and thus an oo-serialization of the CODG. This
    establishes a polynomial upper-bound on the task of verifying
    full-completion-acyclicity and of generating an oo-serialization of a FCA
    CODG. While interesting, we do not believe these upper-bounds to be tight, and
    hence consider the exact complexity of these tasks to be open
    questions.

   

   
    7. Conclusion and future work
 
    In this paper, we defined a class of graphs, child-arc-ordered directed graphs (CODGs), that includes
    multi-graphs and non-acyclic graphs, and investigated the conditions under
    which a CODG is “oo-serializable”, i.e., has a structure which
    corresponds to that of an overlap-only marked-up document. We found that the
    property of completion-acyclicity does not
    guarantee oo-serializability in general for CODGs, by showing that there exist
    completion-acyclic CODGs that are not oo-serializable. By contrast, Marcoux
    has shown that for the less general class of node-ordered-DAGs (noDAGs), completion-acyclicity does
    guarantee oo-serializability M2008.
 

    We then defined a condition strictly stronger than
    completion-acyclicity, full-completion-acyclicity, and showed that it does
    guarantee oo-serializability for all CODGs.

    Finally, we presented polynomial-time algorithms for checking
    full-completion-acyclicity and for computing an oo-serialization of
    fully-completion-acyclic CODGs. However, we do not believe these algorithms to
    be optimal. Thus, open questions include determining the exact complexity of
    — and finding optimal algorithms for — checking
    completion-acyclicity, full-completion-acyclicity, and of actually computing
    an oo-serialization of a CODG once it is found to be serializable.
 
    Another area of research we hope to pursue in the near future is
    investigating whether and how some forms of interrupted and virtual elements,
    as found in TexMecs, can be characterized in terms of graphs.
 
  

  
   Notation and symbols

    For the convenience of readers who find the notation used
      here unfamiliar, we list here the symbols and conventional
      variable names used in this paper.

    
      
		↝

		the must-precede relation on roots of a graph
	  G:  r ↝ s if and only if there exist vertices x and y standing in some
	  specific configurations with respect to r and s (see Definition 6.1).
	  


      

      
		⇒G

		the positive transitive closure of
	    E(G), for any graph G; sometimes known as the 
	    reachability relation of G; often abbreviated
	    to ⇒ when the identity of G is understood.
	  


      

      
		⇒*G

		the reflexive transitive closure of
	    E(G), for any graph G; often abbreviated
	    to ⇒* when 
	    the identity of G is understood.
	  


      

      
		∈

		is an element of.  So x ∈
	      y means that x is an element in the 
	    set y.
	  


      

      
		∪

		set union.  So x ∪ y
	    denotes the set of all elements which are members either
	    of set x or of set y or both.
	  


      

      
		∩

		set intersection.  So x ∩ y
	    denotes the set of all elements which are members of
	    both set x and set y.
	  


      

      
		ap(G)

		
	  the ancestral-precedence relation of a graph G;
	    abbreviated ap when G is understood.  This is a binary
	    relation consisting of all node pairs (v, w) for which
	    (informally) v is an ancestor of w and not vice-versa.
	  

	

      

      
		ch

		
	  (core meaning) a unary function that maps each
	    node of a graph to a sequence of nodes of that
	    graph.

	  (secondary meaning) a two-argument function that 
	    maps from a pair (v, n) (where v is a node and n is
	    an integer) to at most one node among the children of v.
	  

	

      

      
		ch(v)

		for any node v in a graph G,
	    ch(v) denotes a sequence of nodes in
	    G.

	  Note that sequences are typically modeled as
	    sets of pairs (n, e) where n is a number and e an 
	    element of the sequence.  The set of pairs
	    denoted by ch(v) can thus be treated as a function 
	    from non-negative integers to nodes in the graph:
	    for any node v and any suitable integer
	    n, ch(v)(n) denotes the nth child of v;
	    ch(v)(0) denotes the first child, ch(v)(1) denotes
	    the second, etc. To reduce the need for parentheses,
	    ch(v)(n) is normally written in the
	    simpler form ch(v,n).
	  


      

      
		ch(v, n)

		denotes the nth child (counting from 0)
	    of node v.  This is a short-hand form for the
	    expression ch(v)(n).
	  

	

      

      
		E(G)

		the set of arcs in a graph G


      

      
		G

		the conventional variable for a graph (here
	invariably a CODG)


      

      
		gsp

		
	  a shorthand form of gsp(G) when the identity of
	    the graph G is understood.
	  

	

      

      
		gsp(G)

		
	  the global sibling-precedence relation of a graph G;
	    written as sp when G is understood.
	    This is (speaking informally) a relation consisting of all
	    node pairs (v, w) which share a parent, and for which v
	    precedes w among the children of that parent. Note that
	    the same pair of children may share more than one parent,
	    occurring in one order for one parent and in the other
	    order for the other parent.  So gsp(Example 2.3)
	    includes both (b, c) and (c, b).
	  

	

      

      
		N

		the natural numbers (0, 1, 2, ...)


      

      
		n, m

		conventional variables used to represent
	    individual natural numbers


      

      
		r

		conventional variable used to denote an
	    arbitrary range.

	

      

      
		r1

		for a given range r, 
	    r1 denotes the first
	    element of r.


      

      
		r2

		for a given range r, 
	    r2 denotes the second
	    element of r.


      

      
		r, s

		conventional variables used to denote two
	    roots of a CODG.

	

      

      
		sea(G)

		the should-end-after relation
	    of a graph G; abbreviated sea when G is
	    understood


      

      
		seaa(G)

		the should-end-after additions
	    relation of a graph G; abbreviated seaa
	    when G is understood


      

      
		sp

		
	  a shorthand form of sp(G) when the identity of
	    the graph G is understood.
	  

	

      

      
		sp(G)

		
	  the sibling-precedence relation of a graph G; this is
	    a ternary relation consisting of all node triples (v, w,
	    x) for which (informally) w precedes x among the children
	    of v; note that if w occurs more than once among the
	    children of v, then the triple (v, w, w) appears in
	    sp.  If some node x occurs between the two occurrences of
	    w, then (v, w, x) and (v, x, w) are both in sp.

	

      

      
		sre

		
	  single-rooted extension of some graph G.  Note that
	    any multi-rooted graph G has many single-rooted extensions
	    (one for each possible ordering of the roots of G).
	  

	

      

      
		ssb(G)

		the should-start-before
	    relation of a graph G; abbreviated ssb when
	    G is understood


      

      
		ssba(G)

		the should-start-before
	      additions relation of a graph G; abbreviated
	    ssba when G is understood


      

      
		V

		the set of nodes (or vertices) in a graph; 
	  a short-hand for V(G)


      

      
		V(G)

		the set of vertices in a graph G


      

      
		V × V

		the Cartesian product of V, the set of nodes;
	    that is, the set of pairs (v, w) where v ∈ V and w
	    ∈ V


      

      
		V × V × V

		the set of triples (v, w, x) where v, w and x
	are all ∈ V.


      

      
		v, w, x, u

		variables conventionally used
	    for individual nodes in a graph (by convention, all of 
	    v, w, x, u ∈ V)
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View note in Notes section
We focus here exclusively on graphs as the abstract
	    structures conveyed by marked up documents.

	
View note in Notes section
A number of other equivalent encodings are of
	    course possible.  The q elements can be fragmented
	    in TEI style to signal that multiple XML elements together
	    make up a single logical unit.  In a Goddag structure built
	    from this example, one would expect to find one node in the
	    graph for each logical q element, rather one for
	    each q element in the XML.
	    
      
<div xmlns="http://www.tei-c.org/ns/1.0">
  <p>
    <verse n="Jer.2.1">Moreover the word 
      of the LORD came to me, saying,</verse>
    <verse n="Jer.2.2">
      <q xml:id="Q-Jer.2.2-A" part="I">
	Go and cry in the hearing of 
	Jerusalem, saying, 
        <q xml:id="Q-Jer.2.2-B" part="I">
	  Thus says the LORD:
          <q xml:id="Q-Jer.2.2-C" part="I">
	    I remember you, 
            The kindness of your youth, 
	    The love of your betrothal, 
	    When you went after Me in the wilderness, 
	    In a land not sown. 
	  </q>
        </q>
      </q>
    </verse>
    <verse n="Jer.2.3">
      <q part="M" prev="#Q-Jer.2.2-A">
        <q part="F" prev="#Q-Jer.2.2-B">
          <q part="F" prev="#Q-Jer.2.2-C">
	    Israel [was] holiness to the LORD, 
	    The firstfruits of His increase.  
	    All that devour him will offend;
	    Disaster will come upon them,
	  </q>
	  says the LORD.
	</q>
      </q>
    </verse>
  </p>
</div>


	  Or the verse elements can be fragmented.
	    Or TEI virtual elements can be used to represent parts of
	    the document structure that do not fit neatly into a 
	    hierarchy.

	
View note in Notes section
Readers who have not recently reviewed the definition
	    of TexMecs may need to be reminded of some basics of 
	    TexMecs notation.  The conventions used here are these;
	    most are adopted from HS2003 but
	    bilocation tags are new; they are introduced in order to
	    allow the serialization of a larger class of graphs.
	    

	      	
		Start-, end-, and sole-tags for an element 
		  of type e take the
		  forms <e|, |e>
		  <e>.

	      

	      	
		Elements may overlap.

	      

	      	
		A unique identifier may be assigned to an
		  element by following its generic identifier immediately
		  with @ and an ID value.  These IDs are
		  recognized and handled at the TexMecs level; they do 
		  not require declaration or application-level
		  semantics.
		

	      

	      	
		The generic identifier may be omitted from
		  start- and end-tags, in which case they mark a
		  pseduo-element: an arbitrary portion of the
		  document, typically marked this way in order to
		  assign an identifier to that segment of the text.
		  In the examples in this paper, we assume a
		  convention that wrapping a text node in such an
		  anonymous element does not create a
		  new node but merely gives an identifier for the text
		  node.  (This is not stated normatively in the
		  definition of TexMecs.)
		

	      

	      	
		
		  The notation <^e^xyz> marks a
		  virtual element, whose type is
		  e and whose children are those of the element
		  whose ID is xyz.  Virtual elements thus
		  serve as additional parents to nodes already
		  present with other parents.
		

		
		  The analogous notation <^^xyz> is
		  used to refer to the pseudo-element whose ID is
		  xyz.  
		

	      

	      	
		
		  The notation <=xyz=> is a 
		  bilocation tag, used to signal
		  that the element whose ID is xyz
		  appears as a child of the immediately open
		  elements, at the location indicated.  

		
		  Bilocation tags are not defined in HS2003; they are defined here in order
		  to have a convenient notation for the graphs in this
		  paper.  When a bilocation tag appears in a TexMecs
		  document, all the same parent-child arcs are created
		  in the document graph as would be created were there
		  a sole-tag at that location. But the target of the
		  parent-child arcs is not a new element represented
		  by a sole tag, but the element whose ID appears in
		  the bilocation tag.
		

	      

	    


	  The example given here could be represented without
	    bilocation tags, by adopting the convention that neither
	    pseudo-elements nor virtual-element references to
	    pseudo-elements create new nodes during parsing.  Verse 3
	    would look like this using this convention.
	
      <verse@Jer.2.3|
        <^^Jer.2.3a>
        says the LORD.
      |verse>

	
View note in Notes section
This
	  may sound like a fragile or error-prone convention, but it
	  turns out to work well most of the time, and it makes the
	  diagrams easier to read than attaching numbers to the arcs
	  and drawing them with fewer crossings but out of order.

      
View note in Notes section
Example 4 is oo-serializable in the TexMecs form
	  <poem| <verse| <quote~1| leaves <quote~2| fall |verse>
	    |quote~1> |quote~2> |poem>.

	Example 5 is not oo-serializable, in brief, because
	  its EA (ends-after) relation has a cycle among the first
	  quote element, the verse element,
	  and the text node containing the word fall.
	  Let us refer to them as q1, v, and f for short.
	  

	    	
	      q1 follows v among the children of the
		poem element, and thus q1 must end
		after v.
	      

	    

	    	
	      v dominates f, and thus v must end after
		f.
	      

	    

	    	
	      f is not dominated by q1, but it
		is dominated by a following
		sibling of q1 (namely, the second quote
		element), and thus f must end after q1.
	      

	    

	  

	  It is the third constraint, not present in Example 4,
	  which makes the difference between the oo-serializability
	  of the two examples.
	

      
View note in Notes section
The curious reader may, however, be interested in the
	  enumeration.  We cannot give it in full, but we can sketch
	  it here.

	In Example 6, nodes a and e are non-terminals
	  (which means they must correspond to elements in TexMecs)
	  and nodes b, c and d are childless (which means they may
	  correspond either to empty elements or to spans of character
	  data in TexMecs, that is, to leaf nodes).  
	  One way to begin the enumeration is to
	  observe that in overlap-only TexMecs the elements a and
	  e will each have one start- and one end-tag.  There are
	  six possible orders for these four tags:
	  

	    	<a| <e| |a> |e>


	    	<a| <e| |e> |a>


	    	<a| |a> <e| |e>


	    	<e| <a| |a> |e>


	    	<e| <a| |e> |a>


	    	<e| |e> <a| |a>


	  

	  Note that the possible number of orderings for any n items is
	  n! (n factorial), so the total number of orderings for
	  the four tags involved here is 24 (= 4!).  Of those 24, half
	  are ill-formed because in them the end-tag for a
	  precedes its end-tag; of the remaining 12, half are
	  ill-formed because the end-tag of e precedes the start-tag.
	

	To each of these six patterns for the representation of
	  nodes a and e there correspond 210 possible TexMecs
	  documents with nodes b, c, and d interleaved among the
	  tags for a and e.  (Node b can be situated in any of
	  five locations:  before the first tag, after the first tag,
	  after the second, after the third, after the fourth.  The
	  tag for node c can be placed in any of six locations
	  (before or after any of the four start- and end-tags and
	  node b); the
	  tag for node d can be placed in any of seven locations.
	  210 = 5 × 6 × 7.)  The beginning of the
	  enumeration might look like this:

	    	d c b <a| <e| |a> |e>


	    	c d b <a| <e| |a> |e>


	    	c b d <a| <e| |a> |e>


	    	c b <a| d <e| |a> |e>


	    	c b <a| <e| d |a> |e>


	    	c b <a| <e| |a> d |e>


	    	c b <a| <e| |a> |e> d



	    	d b c <a| <e| |a> |e>


	    	b d c <a| <e| |a> |e>


	    	b c d <a| <e| |a> |e>


	    	b c <a| d <e| |a> |e>


	    	 … 



	    	d b <a| c <e| |a> |e>


	    	b d <a| c <e| |a> |e>


	    	b <a| d c <e| |a> |e>


	    	b <a| c d <e| |a> |e>


	    	b <a| c <e| d |a> |e>


	    	 … 


	  

	To each of these 210 interleavings of b, c, and d
	into the four start- and end-tags for a and e, there
	correspond eight TexMecs documents.  Each of nodes b, c,
	and d may be either a text node or an empty element, so
	there are eight (two to the third power) combinations.  The
	first pattern in the preceding list corresponds to the
	following eight TexMecs documents, and each of the other 210
	  expands similarly.

	    	d c b <a| <e| |a> |e>


	    	<d> c b <a| <e| |a> |e>


	    	d <c> b <a| <e| |a> |e>


	    	<d> <c> b <a| <e| |a> |e>


	    	d c <b> <a| <e| |a> |e>


	    	<d> c <b> <a| <e| |a> |e>


	    	d <c> <b> <a| <e| |a> |e>


	    	<d> <c> <b> <a| <e| |a> |e>


	  

	In total, then, there are 6 patterns for the start- and
	  end-tags of a and e, 210 ways to interleave b, c,
	  and d into those patterns, and 8 ways to realize each
	  interleaving, for 10,080 (6 × 210 × 8)
	  structurally possible oo-TexMecs documents for this
	  configuration of five nodes.  Since each of the five nodes
	  can be either a leaf node or a non-terminal, there are 32
	  possible configurations.  These vary in their number of
	  possible realizations, but we hope it is now clear why
	  enumerating the distinct documents for five-node graphs
	  seems unlikely to be a helpful approach.
	

     
View note in Notes section

	[1]The authors thank Deborah A. Lapeyre and several 
	    anonymous Balisage peer reviewers for their extensive
	    help in improving the presentation of this paper.
	  

	

	[2]We focus here exclusively on graphs as the abstract
	    structures conveyed by marked up documents.

	

	[3]A number of other equivalent encodings are of
	    course possible.  The q elements can be fragmented
	    in TEI style to signal that multiple XML elements together
	    make up a single logical unit.  In a Goddag structure built
	    from this example, one would expect to find one node in the
	    graph for each logical q element, rather one for
	    each q element in the XML.
	    
      
<div xmlns="http://www.tei-c.org/ns/1.0">
  <p>
    <verse n="Jer.2.1">Moreover the word 
      of the LORD came to me, saying,</verse>
    <verse n="Jer.2.2">
      <q xml:id="Q-Jer.2.2-A" part="I">
	Go and cry in the hearing of 
	Jerusalem, saying, 
        <q xml:id="Q-Jer.2.2-B" part="I">
	  Thus says the LORD:
          <q xml:id="Q-Jer.2.2-C" part="I">
	    I remember you, 
            The kindness of your youth, 
	    The love of your betrothal, 
	    When you went after Me in the wilderness, 
	    In a land not sown. 
	  </q>
        </q>
      </q>
    </verse>
    <verse n="Jer.2.3">
      <q part="M" prev="#Q-Jer.2.2-A">
        <q part="F" prev="#Q-Jer.2.2-B">
          <q part="F" prev="#Q-Jer.2.2-C">
	    Israel [was] holiness to the LORD, 
	    The firstfruits of His increase.  
	    All that devour him will offend;
	    Disaster will come upon them,
	  </q>
	  says the LORD.
	</q>
      </q>
    </verse>
  </p>
</div>


	  Or the verse elements can be fragmented.
	    Or TEI virtual elements can be used to represent parts of
	    the document structure that do not fit neatly into a 
	    hierarchy.

	

	[4]Readers who have not recently reviewed the definition
	    of TexMecs may need to be reminded of some basics of 
	    TexMecs notation.  The conventions used here are these;
	    most are adopted from HS2003 but
	    bilocation tags are new; they are introduced in order to
	    allow the serialization of a larger class of graphs.
	    

	      	
		Start-, end-, and sole-tags for an element 
		  of type e take the
		  forms <e|, |e>
		  <e>.

	      

	      	
		Elements may overlap.

	      

	      	
		A unique identifier may be assigned to an
		  element by following its generic identifier immediately
		  with @ and an ID value.  These IDs are
		  recognized and handled at the TexMecs level; they do 
		  not require declaration or application-level
		  semantics.
		

	      

	      	
		The generic identifier may be omitted from
		  start- and end-tags, in which case they mark a
		  pseduo-element: an arbitrary portion of the
		  document, typically marked this way in order to
		  assign an identifier to that segment of the text.
		  In the examples in this paper, we assume a
		  convention that wrapping a text node in such an
		  anonymous element does not create a
		  new node but merely gives an identifier for the text
		  node.  (This is not stated normatively in the
		  definition of TexMecs.)
		

	      

	      	
		
		  The notation <^e^xyz> marks a
		  virtual element, whose type is
		  e and whose children are those of the element
		  whose ID is xyz.  Virtual elements thus
		  serve as additional parents to nodes already
		  present with other parents.
		

		
		  The analogous notation <^^xyz> is
		  used to refer to the pseudo-element whose ID is
		  xyz.  
		

	      

	      	
		
		  The notation <=xyz=> is a 
		  bilocation tag, used to signal
		  that the element whose ID is xyz
		  appears as a child of the immediately open
		  elements, at the location indicated.  

		
		  Bilocation tags are not defined in HS2003; they are defined here in order
		  to have a convenient notation for the graphs in this
		  paper.  When a bilocation tag appears in a TexMecs
		  document, all the same parent-child arcs are created
		  in the document graph as would be created were there
		  a sole-tag at that location. But the target of the
		  parent-child arcs is not a new element represented
		  by a sole tag, but the element whose ID appears in
		  the bilocation tag.
		

	      

	    


	  The example given here could be represented without
	    bilocation tags, by adopting the convention that neither
	    pseudo-elements nor virtual-element references to
	    pseudo-elements create new nodes during parsing.  Verse 3
	    would look like this using this convention.
	
      <verse@Jer.2.3|
        <^^Jer.2.3a>
        says the LORD.
      |verse>

	

	[5]This
	  may sound like a fragile or error-prone convention, but it
	  turns out to work well most of the time, and it makes the
	  diagrams easier to read than attaching numbers to the arcs
	  and drawing them with fewer crossings but out of order.

      

	[6]Example 4 is oo-serializable in the TexMecs form
	  <poem| <verse| <quote~1| leaves <quote~2| fall |verse>
	    |quote~1> |quote~2> |poem>.

	Example 5 is not oo-serializable, in brief, because
	  its EA (ends-after) relation has a cycle among the first
	  quote element, the verse element,
	  and the text node containing the word fall.
	  Let us refer to them as q1, v, and f for short.
	  

	    	
	      q1 follows v among the children of the
		poem element, and thus q1 must end
		after v.
	      

	    

	    	
	      v dominates f, and thus v must end after
		f.
	      

	    

	    	
	      f is not dominated by q1, but it
		is dominated by a following
		sibling of q1 (namely, the second quote
		element), and thus f must end after q1.
	      

	    

	  

	  It is the third constraint, not present in Example 4,
	  which makes the difference between the oo-serializability
	  of the two examples.
	

      

	[7]The curious reader may, however, be interested in the
	  enumeration.  We cannot give it in full, but we can sketch
	  it here.

	In Example 6, nodes a and e are non-terminals
	  (which means they must correspond to elements in TexMecs)
	  and nodes b, c and d are childless (which means they may
	  correspond either to empty elements or to spans of character
	  data in TexMecs, that is, to leaf nodes).  
	  One way to begin the enumeration is to
	  observe that in overlap-only TexMecs the elements a and
	  e will each have one start- and one end-tag.  There are
	  six possible orders for these four tags:
	  

	    	<a| <e| |a> |e>


	    	<a| <e| |e> |a>


	    	<a| |a> <e| |e>


	    	<e| <a| |a> |e>


	    	<e| <a| |e> |a>


	    	<e| |e> <a| |a>


	  

	  Note that the possible number of orderings for any n items is
	  n! (n factorial), so the total number of orderings for
	  the four tags involved here is 24 (= 4!).  Of those 24, half
	  are ill-formed because in them the end-tag for a
	  precedes its end-tag; of the remaining 12, half are
	  ill-formed because the end-tag of e precedes the start-tag.
	

	To each of these six patterns for the representation of
	  nodes a and e there correspond 210 possible TexMecs
	  documents with nodes b, c, and d interleaved among the
	  tags for a and e.  (Node b can be situated in any of
	  five locations:  before the first tag, after the first tag,
	  after the second, after the third, after the fourth.  The
	  tag for node c can be placed in any of six locations
	  (before or after any of the four start- and end-tags and
	  node b); the
	  tag for node d can be placed in any of seven locations.
	  210 = 5 × 6 × 7.)  The beginning of the
	  enumeration might look like this:

	    	d c b <a| <e| |a> |e>


	    	c d b <a| <e| |a> |e>


	    	c b d <a| <e| |a> |e>


	    	c b <a| d <e| |a> |e>


	    	c b <a| <e| d |a> |e>


	    	c b <a| <e| |a> d |e>


	    	c b <a| <e| |a> |e> d



	    	d b c <a| <e| |a> |e>


	    	b d c <a| <e| |a> |e>


	    	b c d <a| <e| |a> |e>


	    	b c <a| d <e| |a> |e>


	    	 … 



	    	d b <a| c <e| |a> |e>


	    	b d <a| c <e| |a> |e>


	    	b <a| d c <e| |a> |e>


	    	b <a| c d <e| |a> |e>


	    	b <a| c <e| d |a> |e>


	    	 … 


	  

	To each of these 210 interleavings of b, c, and d
	into the four start- and end-tags for a and e, there
	correspond eight TexMecs documents.  Each of nodes b, c,
	and d may be either a text node or an empty element, so
	there are eight (two to the third power) combinations.  The
	first pattern in the preceding list corresponds to the
	following eight TexMecs documents, and each of the other 210
	  expands similarly.

	    	d c b <a| <e| |a> |e>


	    	<d> c b <a| <e| |a> |e>


	    	d <c> b <a| <e| |a> |e>


	    	<d> <c> b <a| <e| |a> |e>


	    	d c <b> <a| <e| |a> |e>


	    	<d> c <b> <a| <e| |a> |e>


	    	d <c> <b> <a| <e| |a> |e>


	    	<d> <c> <b> <a| <e| |a> |e>


	  

	In total, then, there are 6 patterns for the start- and
	  end-tags of a and e, 210 ways to interleave b, c,
	  and d into those patterns, and 8 ways to realize each
	  interleaving, for 10,080 (6 × 210 × 8)
	  structurally possible oo-TexMecs documents for this
	  configuration of five nodes.  Since each of the five nodes
	  can be either a leaf node or a non-terminal, there are 32
	  possible configurations.  These vary in their number of
	  possible realizations, but we hope it is now clear why
	  enumerating the distinct documents for five-node graphs
	  seems unlikely to be a helpful approach.
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    "You keep using that word. I do not think it means what you think it means."
Inigo Montoya, The Princess Bride

    
        Introduction

        The issue of semantics has been of perenniel interest to those who study markup languages. From Eliot Kimber's presentation on HyTime semantic groves kimber1 to Steven Newcomb's work on semantic integration newcomb1 through more recent work such as Dubin's and Birnbaum's dubin1 comparison of markup technologies for knowledge representation and Karen Wickett's wickett1 discussion of contextual aspects of semantic interoperability of markup langauges, discussions of what exactly tagging structures and markup mean and the implications of semantics for dealing with issues of interoperability and knowledge representation have consumed the time and energy of markup enthusiasts for decades.  In some sense, the entire literature on markup languages can be viewed as a continuing conversation about semantics and the best means for their technical and syntactical implementation in the realm of text.

        For the past six years, participants in the Preserving Virtual Worlds projects have been investigating the preservation of computer games and interactive fiction.  A great deal of that work has focused on how to best employ XML and semantic technologies in the packaging of content and metadata for preservation.  XML metadata standards such as METS mcdonough1, PREMIS premis1 and Dublin Core weibel1, along with new ontologies created in OWL-DL, have been employed in conjunction with data models such as FRBR ifla1 and the Open Archival Information System (OAIS) Reference Model ccsds1 to try to develop packaging mechanisms for long-term preservation of game software as well as knowledge bases regarding file formats necessary for digital preservation within the OAIS model.  Our team has benefited from earlier work on XML semantics, but as we endeavored to create XML mechanisms suitable for long-term preservation, there has seemed to us to be a component missing in much of the discussions of semantics and markup.

        Ultimately, much of the discussion of XML semantics has focused on the question of How is the meaning of a document augmented or otherwise affected by the presence of markup?marcoux1 This is a valid and important question, but in focusing at the document level, I am afraid we may be focusing on the trees (and the groves) to the neglect of the larger forest. By employing a mental model of markup semantics which focuses on meaning as emerging from the interaction between a text, its markup and a reader, we may be missing other influences on meaning that operate at a larger scale than a single document, or even a collection.  In many situations, such influences may be irrelevant and safely ignored, but within the realm of digital preservation and, I suspect, many other enterprises worried about large scale knowledge representation, focusing on meaning at the document level may be problematic.  In the remainder of this paper, I will describe some of the problems we encountered in attempting to preserve computer games, XML's and OWL's role in our solutions to those problems, and discuss a possible alternate formulation of markup semantics based on social constructionist theory.

    
    
        The Problem of Meaning in Digital Preservation

        The Preserving Virtual World project mcdonough2 was an investigation into the preservation of computer and video games and interactive fiction.  As part of this project, the research team investigated the application of various XML technologies to the problem of packaging these complex media objects for long-term preservation.  Of critical importance was trying to develop a means of packaging games which complied with the OAIS Reference Model.

        Compliance with the OAIS Reference Model imposed some difficult requirements on the project team. Of particular note is one aspect of the information model employed by the OAIS Reference model shown in Figure 1.
                
[image: OAIS Archival Information Package Model]
                    
                
Figure 1.OAIS Archival Information Package Model 
            The information model depicted here sets out what OAIS calls the Archival Information Package, the body of information which an archive needs to preserve to insure the longevity of the data object, which is the original target of preservation. As shown, an archival information package for a preserved digital object should contain not only the object itself, but a variety of additional information, of which one of the most important types is Representation Information, the information that allows
            someone to take the sequences of bits which comprise the data object and
            interpret them as meaningful information. Representation information can be either
            structural or semantic in nature. Structure information maps bit sequences into basic
            data types (e.g., character data, integers, floats); the Unicode standard unicode1, for example, allows one to map a series of zeros and ones into
            a particular character set, while IEEE Standard 754-1985 ieee1
            defines a mapping from bit sequences into floating point numbers. Semantic information,
            on the other hand, provides someone who is using the data with additional information
            they need to fully interpret it. Knowing that a particular string of 32 bits represents
            two short integers requires structure information; knowing that those integers represent the X and Y map coordinates of an object in a DOOM game map requires semantic
            information.

        As can also be seen in Figure 1, representation information can be recursive in nature.  If structure or semantic representation information is itself in digital form, the archive should additionally store the representation information needed to decode the other representation information.  Ultimately, this recursive chain can only be broken by storing representation information in a form that does not require the technological assistance of computer to display that information in readable form to a human being (e.g., on paper).
 
        Conformance with this information model means that a digital archive will store not only the original data object, but also the associated standards and documentation defining the data format in which the object is written.  Within the realm of space science data preservation for which the OAIS Reference Model was originally intended, this is a relatively straightforward and unproblematic endeavor. Standards for codebook documentation of scientific data sets such as the Data Documentation Initiative Codebook ddi1 and the Data Format Definition Language (DFDL) Powell1 provide relatively concise definitions of data formats used for scientific data.  While they have some degree on reliance on additional standards for the definition of fundamental data types (e.g., DFDL assumes the use of W3C XML Schema data type definitions), the complete set of representation information required for data such as a social science survey is small and fairly well-bounded.

        This proved not to be the case for the vast majority of the computer games that the Preserving Virtual Worlds project examined.  There were a number of problems involved in identifying and collecting a set of representation information documenting the data formats used in a particular game, but one stood out as being particularly problematic.  Unlike scientific data, which is often quite intentionally recorded in a manner to facilitate its exchange and use across a variety of computing platforms using standards such as NetCDF or HDF5, executable software is tightly bound to a particular platform.  The representation information set for a computer game thus often becomes equivalent to the information necessary to completely document its operating platform.

        Consider a game like Blizzard Entertainment's Warcraft III: Reign of Chaos for OS X, and let us ignore the large number of different files and file formats employed by the game and focus solely on its main executable. This is a file in the Mach-O format. Structure information needed to interpret the Mach-O format begins with the OS X ABI Mach-O File Format Reference apple1. However, this work, while providing the basic format definition for Mach-O, is not a complete specification of the format in that it makes specific reference to another document, Mach-O Programming Topics. This document in turn references other documentation necessary to understand its content, including System V Application Binary Interface AMD64 Architecture Processor Supplement, the OS X ABI Dynamic Loader Reference,  Plug-in Programming Topics, etc.  Moreover, the ability to understand the OS X ABI Mach-O File Format Reference involves more than simply having the set of additional reference documentation available. A section of text such as this:
        

            struct dylib_module
            {
            uint32_t module_name;
            uint32_t iextdefsym;
            uint32_t nextdefsym;
            uint32_t irefsym;
            uint32_t nrefsym;
            uint32_t ilocalsym;
            uint32_t nlocalsym;
            uint32_t iextrel;
            uint32_t nextrel;
            uint32_t iinit_iterm;
            uint32_t ninit_nterm;
            uint32_t objc_module_info_addr;
            uint32_t objc_module_info_size;
            };    
        

        is readily interpreted by anyone with experience in the C programming language, but a good deal less so if you lack that experience. It is easy enough to include documentation on the C programming language in the representation information set for the Mach-O format but understanding that it is actually a C language data structure (and hence that the representation information set should include documentation on C) requires a relatively deep knowledge of computer software design and implementation.

        This problem is exacerbated when we move beyond considering structure information to considering the semantic information necessary to interpret a Mach-O binary executable. Binary executables contain platform-specific machine code; in the case of the version of Warcraft III on my desktop, the executing platform is based on the Intel 64 architecture. We should, therefore, add the seven volume Intel® 64 and IA-32 Architectures Software Developer's Manual documenting the machine code for Intel systems to our representation information, plus the set of additional documents referenced by those volumes as well as the additional technical library necessary to achieve the level of knowledge necessary to comprehend the Intel® 64 and IA-32 Architectures Software Developer's Manual. In short, understanding a single file requires the equivalent of a small, specialized engineering library.

        We found this problem recurring in our examination of computer game files.  Even something that on its face would seem relatively unproblematic, Adobe's Portable Document Format specification, proved to have a truly remarkable representation information set, for it references a large number of additional standards documents from ISO, IEEE, the World Wide Web Consortium and others. Understanding the specification also requires knowledge of the mathematics of Bézier curves, color theory, audio encoding techniques, and principles of font design. For any number of file formats employed by computer games, representation information sets are both large and poorly defined.

        The OAIS Reference Model recognizes this as a potential problem for those administering digital archives, and states that an archive may limit the amount of representation information it stores to the minimum which the community it serves requires in order to decipher a particular format.  If your archive serves a community of computer scientists, you presumably do not need to store a copy of Kernighan & Ritchie's C Programming Language to allow them to understand the Mach-O format; similarly, if you serve a community of Middle English scholars, your representation information set for William Langland's Piers Plowman need not include a Middle English dictionary and grammar. Unfortunately, our project was focused on preserving games within the context of academic research libraries, where detailed technical knowledge cannot be assumed for all users, and where even those users who possess advanced techical knowledge of existing platforms may have little knowledge of or experience with previous platforms.  I would expect any computer scientist today to have a reasonable working knowledge of modern disk operating systems and disk formatting operations, but the exact form of an Apple II disk image file or the instruction set for the Apple II's MOS 6502 microprocessor is something for which I would expect many would need to consult a manual.

        This has meant that for computer games, identifying and collecting representation information is not simply an issue of documenting a particular file format. It is an exercise in knowledge representation and management.  If highly complex, multimedia objects such as game software are going to survive in the long-term, archivists will need to collect, organize and preserve a large body of additional information necessary to interpret those objects.  Or perhaps more precisely, they need to collect, organize and preserve the information necessary to allow an individual to acquire the knowledge to interpret those objects.  The problem the game preservationist confronts is that they do not need to merely preserve the game; they need to preserve people's ability to be able to understand the game, from the level of individual 0's and 1's on up.

        This problem has dimensions other than the purely technical one we have been discussing. On the technical side, if we are to preserve the seminal interactive fiction game Adventure in its original form, we need to preserve the ability to understand DEC's version of Fortran IV from the mid-1970s. If we wish to preserve people's ability to understand the importance of Adventure in computing history, however, there is other information that we might wish to preserve, documentation such as Dennis Jerz's historical examination of the game's development jerz1. The OAIS reference model recognizes that all data objects have this form of contextualizing information, and recommends that an archival information package include information on "why the Content Information was created and hot it relates to other Content Information Objects."ccsds1 For scientific data collections, this will typically involve documentation on the reasons why a study was conducted, links to associated data sets, and in some cases links to publications based on the scientific data in question (metadata standards such as the previously mentioned Data Documentation Initiative provide XML facilities for recording these links). Attempting to apply the OAIS reference model outside the realm of scientific data quickly led our research team to the conclusion that digital preservation of computer games was more complicated. A cultural artifact such as a game has links to a much wider range of related materials. Documentation for the MIT game SpaceWar!, for example, would not really be complete without including reference to it being a tribute to E.E. "Doc" Smith's Lensmen novels as well as its information on its impact on later vector graphic games such as Atari's Tempest and Star Wars arcade games.

            Ultimately, digital preservation is devoted to insuring users' ability to interpret the preserved material in both a specific technical and more general historical sense. Essentially, the goal of a preservationist is to allow users of libraries and archives to make sense of the information in a collection, whether their interests are technological, historical or cultural. In the next section, I will discuss the role that XML and OWL played in trying to pursue these goals, and then discuss the implications of this for larger discussions of XML semantics.

    
    
        Problems in Using XML for Preservation: Trying to Make Sense of Sense-Making

        Recognizing the need to incorporate significant amounts of representation information and contextual information about a game as part of a package used to preserve a game in the long term, and recognizing that this in turn meant preserving a great deal of information about the relationships between the digital files we would include in an archival package for a game, the Preserving Virtual Worlds team turned to XML and OWL as mechanisms to tackle this problem in knowledge representation and management.  OWL-DL was used to create an ontology in which the major entities from the FRBR entity-relationship model were defined as OWL classes, and relationships from FRBR were defined as properties.  Relationships between various information entities in the OAIS reference model were further defined as properties in the ontology relating different FRBR classes. A partial representation of the OWL class and property relationships in the Preserving Virtual Worlds ontology is shown in Figure 2.
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Figure 2.Preserving Virtual Worlds Ontology
        By using the OWL ontology in conjunction with XML standards from the digital library community intended for packaging bodies of content and metadata together (e.g., METS and OAI-ORE), we could organize the various materials we need to preserve a game over time.  An OAI-ORE file, for example, could provide URLs for the files comprising a game along with all of the files containing representation information and contextual information.  The OAI-ORE file could also be used to indicate that files represented instances of FRBR classes (e.g., file 'advf4.77-03-31' is a FRBR Item) and that different entities participated in relationships defined within the OAIS Reference Model (e.g., file 'advf4.77-03-31' (a Fortran IV source code file) has representation information in the form of the FRBR Expression of DEC's Programmer's Reference Manual for Fortran IV, which in turn has a physical manifestation and an item exemplifying that manifestation in the file 'DEC_FORTRANIV_1968.pdf').

        While the specific terms employed by our project as an effort in digital preservation differ from those employed elsewhere in the digital library community, this use of XML for packaging digital library materials is hardly a novel application of markup technologies (see, for example, morrissey1 and bekaert1).  We were able to employ our ontology with a variety of XML packaging languages for digital library objects and capture the requisite content and metadata we believed formed the backbone of a digital preservation effort for game software.  But examining our work more closely in retrospect, certain aspects of our ontology and its application strike me as troubling.

        The first problem we encountered was that the OAIS relationships between information objects that appeared relatively clear semantically as described in the Reference Model turned out be somewhat more polysemous in actual application. If we examine the full network of representation information necessary to interpret a file in Adobe PDF format, for example, we find a great deal of subtle variation in the roles performed by representation information necessary to interpret the Adobe PDF specification itself. IEEE-754 obviously constitutes representation information for the Adobe PDF specification, and of a type clearly defined within the OAIS Reference Model: structure information. IEEE-754 defines the underlying bit patterns used to represent floating point numbers in Adobe PDF. A specification like CIE L*a*b* iso1 also constitutes representation information necessary for a complete interpretation of PDF, as L*a*b* is one of the standard color spaces referenced within the PDF specification and the specification is necessary for understanding the semantics of color information embedded within some PDF documents. But other documents referenced within the Adobe PDF specification, while of assistance in interpreting information in a PDF file, are not representation in the same way that IEEE-754 or CIE L*a*b* are, which is to say, the Adobe PDF specification does not have a technical dependency on those specific documents. Graphics Gems II arvo1 and Graphics Gems III kirk1 are both valuable texts for achieving an understanding of the Bézier curves used within the PDF specification, but no more so than a variety of other texts on that topic. They do provide semantic information that allows someone to make sense of a PDF document, and hence qualify as representation information, but their relationship to the PDF specification is not the same as the standards documents identified as normative by Adobe. The Graphics Gems series books could be replaced by substitutes and still leave the PDF specification interpretable in a way that is not true if IEEE-754 vanished from the Earth and all knowledge of it was lost. All of these texts, however, are at least referenced by the PDF specification itself.  Their status as representation information is therefore at least subtly different than, say,Visual Color and Color Mixture cohen1, which while it provides the semantic information necessary to understand the matrix algebra operations for color space transformation employed within the PDF specification, is not referenced by that document at all. All of these ancillary texts might be considered representation information for the PDF specification; but their status as such is varied, and the application of a common ontological predicate (http://people.lis.uiuc.edu/~jmcdonou/PVW2.owl#hasRepresentationInformation) to link them all to the PDF specfication hides a great deal of semantic nuance.

        Also somewhat disturbing in our examination of the XML preservation packages we were developing was the realization of the situationally-determined nature of the truth of assertions regarding representation information and context information. Consider a PDF instruction manual that comes with a game; while the PDF specification allows for embedding of JPEG image data within a PDF file, this particular file does not use JPEG data for its images.  If we ask, 'does this particular file have the ISO/IEC 10918-1:1994 iso2 standard which defines the JPEG data format as part of its representation information network,' the answer is clearly 'no.' You do not need ISO/IEC 10918-1:1994 to decode the manual.  However, if we ask instead, does the representation information network for the PDF specification include ISO/IEC 10918-1:1994,' the answer is 'yes.' ISO/IEC 10918-1:1994 is cited as a normative reference by the PDF specification, "indispensable" for the application of the PDF specification itself.

        The OAIS Reference Model discussion of representation information seems to imply that representation information networks are specific to a data file, so for PDF files as a class, there can be no a priori determination of the representation network necessary for decoding a file. Identification of a representation information network has to be conducted on a file-by-file basis, significantly increasing the knowledge management burden on digital preservationists. Given that tools for automating the identification of representation networks for a file at this level of detail are non-existent, this is an unhappy realization for a digital preservationist. Equally unhappy, however, was the realization that the semantic interpretation we had been applying to our "hasRepresentationInformation" term was somewhat at odds with how the OAIS Reference Model describes representation information as a concept.  Our understanding aligned with asking the question of "in the abstract, does Document A have Document B as representation information" and not "in the case of this specific file, does Document A require Document B as representation information." This is clearly problematic at a variety of levels, not the least of which is 'how is a user in 100 years, seeing our ontology applied in a preservation environment, going to know that our interpretation of representation information is at variance with the original standards document which proposed the concept?'

        One final problematic arose in applying our ontology in packaging of computer games, with respect to the idea of context information in the OAIS Reference Model. The OAIS Reference Model defines context information as "the information that documents the relationships of the Content Information to its environment. This includes why the Content Information was created and how it relates to other Content Information objects." The problem with this definition with respect to games is that the task of documenting a game's relationship to its environment and identifying how it relates to any and all other content information objects is a nigh-infinite task.  If I take a game like the original DOOM, do I need to document it's relationship to predecessor and successor games that employed similar themes (e.g., MindScape's The Colony and Valve's Half-Life), to alternative media presentations of the story  (abhugh1 and bartkowiak1), to other games from its manufacturer, id Software, to legal documents in a lawsuit filed by relatives of the survivors of the Columbine shootings against id Software? To archives of speedrun competitions using the game? To fan websites? To the approximately 4,000 journal articles retrieved from Google Scholar in response to a search for "doom 'computer game'"?  Completely specifying context is an impossible task, and for any given user, much of that context will be irrelevant.

        This leads to a problem similar to the representation information problem. A given user will consider some documents as valuable context information and others as irrelevant, but those judgements will vary from user to user. Given this, any record I make as preservationist of context information is going to have an implied semantic connotation beyond simply 'this is context information' of 'this is what we believe is the important context information.'  And implicit in that relative value judgment will be a number of assumptions about what sort of scholarly activity is important (and what is necessary to support that scholarly activity). Scholars will interpret the application of a 'hasContextInformation' predicate to information they need for their work as an endorsement of the significance of their field of study; similarly, finding that information they need doesn't receive recognition as context information (and information they consider irrelevant has) will also speak to the significance (or lack thereof) of their work. Languages, including ontological languages are not written or read in a vacuum, and a seemingly simple predicate such as 'hasContextInformation' can easily acquire additional layers of meaning in use.

        A common thread running through all of these problems is the relationship between terms' meanings and the contexts in which they're applied. Each application of an ontological term such as 'hasRepresentationInformation' or 'hasContextInformation' can reinforce or redefine that term's meaning. Our research team had lengthy discussions on issues such as whether something was really representation information or whether it was something else.  Should documentation of the architecture of an Intel processor-based personal computer be considered representation information for a binary executable (for surely apprehension of the full system architecture is necessary to completely understand how an op code will be interpreted) or is it contextual information (for surely historians of tomorrow will want to understand the complex interplays between game design and computer architectures)? Or is it both? Or neither?  These discussions were the beginning of a process by which the meaning of our ontology's terms were defined and refined by our somewhat localized community of practice, but they were not the end of that process. Like any other language development process, the application of our ontology will be a process in which our community negotiates to achieve a shared, if imperfect, common understanding of the ontology's terms' meaning.

        Viewing the semantics of an OWL ontology as an example of language activity in which meaning of terms is socially constructed and variable is fine if you are a linguist interested in pragmatics, but somewhat problematic from the point of view of a preservationist; if the meaning of ontological terms is socially constructed, I cannot assume that this process will magically end when the ontology is published; it is more likely that the meaning derived from these terms by humans will continue to be redefined and reinterpreted. What if the meaning of the ontological terms I have created suffer linguistic drift over the next 100 or 500 years? If I'm employing an ontological language to convey to users what documents they need to obtain to decipher a bit stream, how can I help insure that they understand the language I'm using to express those thoughts today, when I cannot be assured they will be interpreting the terms in the same way I am?

    
    
        Knowledge Scaffolding: XML as a Tool in the Social Construction of Knowledge

        
        dervin1 proposed that information design "is, in effect, metadesign: design about design, design to assist people to make and unmake their own informations, their own sense."  Our efforts to employ XML and OWL technologies as the basis for long-term knowledge preservation and management conform to Dervin's definition of information design.  We are trying to assist others in the future make sense of bit streams from the present day, both at the basic technical level of learning how to decode a particular bit stream and at the higher intellectual level of understanding a game's role and value within our culture. Enabling this, however, requires that those in the future be able to make sense of our knowledge management framework. How do we approach the problem of enabling people to make sense of digital information when the frameworks we use for managing that information involve terminology that are problematic to interpret even for a contemporary user, with meanings that appear to be far less stable than we might hope?

        I cannot claim to have the solution to these problems, but the nature of the problems we experienced with Preserving Virtual Worlds I believe points to at least a few parameters that need to be part of our solution.  The first is to develop an account of meaning in XML and other markup technologies that more adequately handle the issue of meaning in context. Work on relevance theory (see, for example, wilson1 and various other theoretical takes on pragmatics and sociolinguistics (barron1, linell1) offer what may be a more productive account of semantics for several reasons:
        

            	they abandon the simplistic encode/transmit/decode model of communication set forth by shannon1 in favor of a model that allows for linguistic inputs as one of multiple inputs to a message's recipient;


            	in so doing, they explicitly account for an individual's context (social and otherwise) as part of the process of inferring meaning from linguistic inputs; and


            	they are founded on a model in which, as Linell observes, "knowledge of language is emergent [emph. original] from practice" and practice is inherently social, which is to say meaning is constructed through a variety of communicative interplays in society, and is not innate or static.


        

        These characteristics of much modern work on pragmatics align nicely with our observations of ontology use in the Preserving Virtual Worlds project. Specific ontological terms in our project originated within the Open Archival Information System Reference Model, but as we applied our ontology and packaging standards, we found that our practice was somewhat at odds with the original formal definition, which is to say, our team constructed a somewhat different meaning for the terms than they originally had. Linguistic theory which accounts for and explains these linguistic practices in a manner more sophisticated manner than labeling them 'noise' or 'transmission error' is necessary to plan for preservation systems which mitigate misunderstandings caused by linguistic change over time.

        For some, this may sound perilously close to an endorsement of tag abuse.  I would argue that tag abuse is simply another name for language praxis, and that if XML systems are to be useful in information systems designed for extended use, we need to account for that activity in knowledge management systems design. Failure to do so will lead to brittle systems which do not perform well outside of a very limited setting.
            [1]
        

        An account of pragmatics sufficient to at least begin thinking about the concept of a pragmatics of XML is, then, part of the solution we need.  Another part is a better understanding of how to take that knowledge and apply it in information systems design.  Alan Rector's piece on problems in the development of medical terminology provides an interesting example of failure analysis in this domain, and similar interesting work on classification systems has been done by bowker1 and others, but we need more work on how to account for terminological fluidity in information systems design.

        Within the domain of digital preservation, I believe our experience with OWL and XML packaging does make one thing clear: the users of the future cannot and will not be able to decipher the meaning of our ontological terms separate from seeing their application in practice, and if semantic variation and change over time is going to be made visible and explicit to our users, then a fundamental aspect of digital preservation systems must become preserving information about the preservation system itself, including the XML languages used within the system.  And given the social nature of language use, such preservation cannot take the form of simply saving versions of specific vocabularies as they are changed over time.  We will need to preserve records of the actual use of markup languages over time so that if necessary users can examine the historical record of our markup languages' development.

        Those of us working in digital preservation need to remember that our job is to support individuals in making sense of the historical record of digital materials, that such sense-making is fundamentally social in nature and involves drawing upon a number of sources, and that making sense of the historical record requires making sense of what preservationists have done with the historical record. What I am arguing for here is an effort to preserve information about our preservation systems that extends well beyond traditional archival notions of provenance. We need a record of not only the specific actions we have taken with a historical object, but documentation of the larger socio-technical systems in which an object has been housed, categorized, discussed, reformatted, linked and disseminated. Making sense of the past will require making sense of the preservation systems, and without a record of those systems and their use, including markup technologies, such a sense-making project is inconceivable.
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         Abstract
Prior research on the acceleration of XML processing using single-instruction
	   multiple-data (SIMD) and multi-core
            parallelism has lead to a number of interesting research prototypes. This work is
	    the first to investigate to the extent to which the techniques underlying these prototypes 
	    could result
            in systematic performance benefits when fully integrated into a commercial XML parser
            The widely used Xerces-C++ parser of the Apache Software Foundation was chosen as the
            foundation for the study. A systematic restructuring of the parser was undertaken, while
            maintaining the existing API for application programmers. Using SIMD techniques alone,
            an increase in parsing speed of at least 50% was observed in a range of applications.
            When coupled with pipeline parallelism on dual core processors, improvements of 2x and
            beyond were realized. 
	    
	    icXML is intended as an important industrial contribution in its own right as well
	    as an important case study for the underlying Parabix parallel processing framework.
	    Based on the success of the icXML development, there is a strong case for continued
	    development of that framework as well as for the application of that framework
	    to other important XML technology stacks.   An important area for further work is
	    the extension of Parabix technology to accelerate Java-based implementations as
	    well as ones based on C/C++.
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      Introduction

          
	Parallelization and acceleration of XML parsing is a widely
	studied problem that has seen the development of a number
	of interesting research prototypes using both single-instruction
	   multiple-data (SIMD) and
	multi-core parallelism.   Most works have investigated
	data parallel solutions on multicore
	architectures using various strategies to break input
	documents into segments that can be allocated to different cores.
	For example, one possibility for data
	parallelization is to add a pre-parsing step to compute
	a skeleton tree structure of an  XML document .
	The parallelization of the pre-parsing stage itself can be tackled with 
	  state machines , .
	Methods without pre-parsing have used speculation  or post-processing that 
	combines the partial results .
	A hybrid technique that combines data and pipeline parallelism was proposed to 
	hide the latency of a "job" that has to be done sequentially .
      

      
	Fewer efforts have investigated SIMD parallelism, although this approach
	has the potential advantage of improving single core performance as well
	as offering savings in energy consumption .
	Intel introduced specialized SIMD string processing instructions in the SSE 4.2 instruction set extension 
	and showed how they can be used to improve the performance of XML parsing .
	The Parabix framework uses generic SIMD extensions and bit parallel methods to 
	process hundreds of XML input characters simultaneously  .
	Parabix prototypes have also combined SIMD methods with thread-level parallelism to 
	achieve further acceleration on multicore systems .
      

      
	In this paper, we move beyond research prototypes to consider
	the detailed integration of both SIMD and multicore parallelism into the 
	Xerces-C++ parser of the Apache Software Foundation, an existing
	standards-compliant open-source parser that is widely used
	in commercial practice.    The challenge of this work is
	to parallelize the Xerces parser in such a way as to
	preserve the existing APIs as well as offering worthwhile 
	end-to-end acceleration of XML processing.    
	To achieve the best results possible, we undertook
	a nine-month comprehensive restructuring of the Xerces-C++ parser,
	seeking to expose as many critical aspects of XML parsing
	as possible for parallelization, the result of which we named icXML.   
	Overall, we employed Parabix-style methods of transcoding, tokenization
	and tag parsing, parallel string comparison methods in symbol
	resolution, bit parallel methods in namespace processing, 
	as well as staged processing using pipeline parallelism to take advantage of
	multiple cores.
      

      
	The remainder of this paper is organized as follows.   
	  Background discusses the structure of the Xerces and Parabix XML parsers and the fundamental
	differences between the two parsing models.   
	Architecture then presents the icXML design based on a restructured Xerces architecture to 
	incorporate SIMD parallelism using Parabix methods.   
	Multithreading with Pipeline Parallelism moves on to consider the multithreading of the icXML architecture
	using the pipeline parallelism model.  
	Performance analyzes the performance of both the single-threaded and
	multi-threaded versions of icXML in comparison to original Xerces,
	demonstrating substantial end-to-end acceleration of
	a GML-to-SVG translation application written against the Xerces API.
	  Conclusion and Future Work concludes the paper with a discussion of future work and the potential for 
	applying the techniques discussed herein in other application domains.
      

   

   
      Background

      
         Xerces C++ Structure

          The Xerces C++ parser is a widely-used standards-conformant
            XML parser produced as open-source software
             by the Apache Software Foundation.
            It features comprehensive support for a variety of character encodings both
            commonplace (e.g., UTF-8, UTF-16) and rarely used (e.g., EBCDIC), support for multiple
            XML vocabularies through the XML namespace mechanism, as well as complete
            implementations of structure and data validation through multiple grammars declared
            using either legacy DTDs (document type definitions) or modern XML Schema facilities.
            Xerces also supports several APIs for accessing parser services, including event-based
            parsing using either pull parsing or SAX/SAX2 push-style parsing as well as a DOM
            tree-based parsing interface. 

         
            Xerces,
            like all traditional parsers, processes XML documents sequentially a byte-at-a-time from
            the first to the last byte of input data. Each byte passes through several processing
            layers and is classified and eventually validated within the context of the document
            state. This introduces implicit dependencies between the various tasks within the
            application that make it difficult to optimize for performance. As a complex software
	      system, no one feature dominates the overall parsing performance. Table 1
	    shows the execution time profile of the top ten functions in a
            typical run. Even if it were possible, Amdahl's Law dictates that tackling any one of
            these functions for parallelization in isolation would only produce a minute improvement
            in performance. Unfortunately, early investigation into these functions found that
            incorporating speculation-free thread-level parallelization was impossible and they were
            already performing well in their given tasks; thus only trivial enhancements were
            attainable. In order to obtain a systematic acceleration of Xerces, it should be
            expected that a comprehensive restructuring is required, involving all aspects of the
            parser. 

	     
                  Table 1Execution Time of Top 10 Xerces Functions

	Time (%) 	 Function Name 

                  
	13.29			XMLUTF8Transcoder::transcodeFrom 

	7.45			IGXMLScanner::scanCharData 

	6.83			memcpy 

	5.83			XMLReader::getNCName 

	4.67			IGXMLScanner::buildAttList 

	4.54			RefHashTableO<>::findBucketElem 

	4.20			IGXMLScanner::scanStartTagNS 

	3.75			ElemStack::mapPrefixToURI 

	3.58			ReaderMgr::getNextChar 

	3.20			IGXMLScanner::basicAttrValueScan 

                  
               



      
      
         The Parabix Framework

          The Parabix (parallel bit stream) framework is a transformative approach to XML
            parsing (and other forms of text processing.) The key idea is to exploit the
            availability of wide SIMD registers (e.g., 128-bit) in commodity processors to represent
            data from long blocks of input data by using one register bit per single input byte. To
            facilitate this, the input data is first transposed into a set of basis bit streams. 
	      For example, Table 2 shows  the ASCII bytes for the string "b7<A" with
		the corresponding  8 basis bit streams, b0 through  b7 shown in  Table 3. 
            The bits used to construct b7 have been highlighted in this example.
	      Boolean-logic operations (∧, ∨ and ¬ denote the
	      boolean AND, OR and NOT operators) are used to classify the input bits into a set of
               character-class bit streams, which identify key
            characters (or groups of characters) with a 1. For example, one of the
            fundamental characters in XML is a left-angle bracket. A character is an
               '<' if and only if
               ¬(b0 ∨ b1)
               ∧ (b2 ∧ b3)
               ∧ (b4 ∧ b5)
               ∧ ¬ (b6 ∨
               b7) = 1. Similarly, a character is numeric, [0-9]
               if and only if ¬(b0 ∨
               b1) ∧ (b2 ∧
                  b3) ∧ ¬(b4
               ∧ (b5 ∨
            b6)). An important observation here is that ranges of
            characters may require fewer operations than individual characters and
             multiple
            classes can share the classification cost. 

	 
                  Table 2XML Source Data


  	String 	 b 	 7 	 < 	 A 

  	ASCII 	 01100010 	 00110111	 00111100	 01000001

  
  
  



         
	 
                  Table 38-bit ASCII Basis Bit Streams


	 b0 	 b1 	 b2 	 b3	 b4 	 b5 	 b6 	 b7 

 	 0 	 1 	 1 	 0 	 0 	 0 	 1 	 0 

 	 0 	 0 	 1 	 1 	 0 	 1 	 1 	 1 

 	 0 	 0 	 1 	 1 	 1 	 1 	 0 	 0 

 	 0 	 1 	 0 	 0 	 0 	 0 	 0 	 1 

  
  
  



         

         
         
         
         
         
          Consider, for example, the XML source data stream shown in the first line of Table 4.
The remaining lines of this figure show
            several parallel bit streams that are computed in Parabix-style parsing, with each bit
            of each stream in one-to-one correspondence to the source character code units of the
            input stream. For clarity, 1 bits are denoted with 1 in each stream and 0 bits are
            represented as underscores. The first bit stream shown is that for the opening angle
            brackets that represent tag openers in XML. The second and third streams show a
            partition of the tag openers into start tag marks and end tag marks depending on the
            character immediately following the opener (i.e., "/") or
            not. The remaining three lines show streams that can be computed in subsequent parsing
            (using the technique of bitstream addition ), namely streams
            marking the element names, attribute names and attribute values of tags. 

	    
                  Table 4XML Source Data and Derived Parallel Bit Streams


          	 Source Data 	  <document>fee<element a1='fie' a2 = 'foe'></element>fum</document> 

          	 Tag Openers 	 1____________1____________________________1____________1__________

           	 Start Tag Marks 	 _1____________1___________________________________________________

           	 End Tag Marks 	 ___________________________________________1____________1_________

           	 Empty Tag Marks 	 __________________________________________________________________

           	 Element Names 	 _11111111_____1111111_____________________________________________

           	 Attribute Names 	 ______________________11_______11_________________________________

           	 Attribute Values 	 __________________________111________111__________________________

                  
               


         

          Two intuitions may help explain how the Parabix approach can lead to improved XML
            parsing performance. The first is that the use of the full register width offers a
            considerable information advantage over sequential byte-at-a-time parsing. That is,
            sequential processing of bytes uses just 8 bits of each register, greatly limiting the
            processor resources that are effectively being used at any one time. The second is that
            byte-at-a-time loop scanning loops are actually often just computing a single bit of
            information per iteration: is the scan complete yet? Rather than computing these
            individual decision-bits, an approach that computes many of them in parallel (e.g., 128
            bytes at a time using 128-bit registers) should provide substantial benefit. 

          Previous studies have shown that the Parabix approach improves many aspects of XML
            processing, including transcoding , character classification and
            validation, tag parsing and well-formedness checking. The first Parabix parser used
            processor bit scan instructions to considerably accelerate sequential scanning loops for
            individual characters . Recent work has incorporated a method
            of parallel scanning using bitstream addition , as well as
            combining SIMD methods with 4-stage pipeline parallelism to further improve throughput
            . Although these research prototypes handled the full syntax of
            schema-less XML documents, they lacked the functionality required by full XML parsers. 

          Commercial XML processors support transcoding of multiple character sets and can
            parse and validate against multiple document vocabularies. Additionally, they provide
            API facilities beyond those found in research prototypes, including the widely used SAX,
            SAX2 and DOM interfaces. 

      
      
         Sequential vs. Parallel Paradigm

          Xerces—like all traditional XML parsers—processes XML documents
            sequentially. Each character is examined to distinguish between the XML-specific markup,
            such as a left angle bracket "<", and the content held within the
            document. As the parser progresses through the document, it alternates between markup
            scanning, validation and content processing modes. 

          In other words, Xerces belongs to an equivalence class of applications termed FSM
	   applications.[1] Each state transition indicates the processing context of
            subsequent characters. Unfortunately, textual data tends to be unpredictable and any
            character could induce a state transition. 

          Parabix-style XML parsers utilize a concept of layered processing. A block of source
            text is transformed into a set of lexical bitstreams, which undergo a series of
            operations that can be grouped into logical layers, e.g., transposition, character
            classification, and lexical analysis. Each layer is pipeline parallel and require
            neither speculation nor pre-parsing stages . To meet the API requirements
            of the document-ordered Xerces output, the results of the Parabix processing layers must
            be interleaved to produce the equivalent behaviour. 

      
   
   
      Architecture

      
         Overview

         
          icXML is more than an optimized version of Xerces. Many components were grouped,
            restructured and rearchitected with pipeline parallelism in mind. In this section, we
            highlight the core differences between the two systems. As shown in Figure
	      Figure 1, “Xerces Architecture”, Xerces is comprised of five main modules: the transcoder, reader,
            scanner, namespace binder, and validator. The Transcoder converts source data into UTF-16 before Xerces parses it as XML;
            the majority of the character set encoding validation is performed as a byproduct of
            this process. The Reader is responsible for the
            streaming and buffering of all raw and transcoded (UTF-16) text. It tracks the current
            line/column position,
            
            performs line-break normalization and validates context-specific character set issues,
            such as tokenization of qualified-names. The Scanner
            pulls data through the reader and constructs the intermediate representation (IR) of the
            document; it deals with all issues related to entity expansion, validates the XML
            well-formedness constraints and any character set encoding issues that cannot be
            completely handled by the reader or transcoder (e.g., surrogate characters, validation
            and normalization of character references, etc.) The Namespace
               Binder is a core piece of the element stack. It handles namespace scoping
            issues between different XML vocabularies. This allows the scanner to properly select
            the correct schema grammar structures. The Validator
            takes the IR produced by the Scanner (and potentially annotated by the Namespace Binder)
            and assesses whether the final output matches the user-defined DTD and schema grammar(s)
            before passing it to the end-user. 
	    
        [image: Xerces Architecture]
            
          
Figure 1.Xerces Architecture
          In icXML functions are grouped into logical components. As shown in 
             Figure 1, “Xerces Architecture”, two major categories exist: (1) the Parabix Subsystem and (2) the
	       Markup Processor. All tasks in (1) use the Parabix Framework , which
            represents data as a set of parallel bitstreams. The Character Set
	      Adapter, discussed in Character Set Adapters, mirrors
            Xerces's Transcoder duties; however instead of producing UTF-16 it produces a set of
	      lexical bitstreams, similar to those shown in CameronHerdyLin2008. These lexical
            bitstreams are later transformed into UTF-16 in the Content Stream Generator, after
            additional processing is performed. The first precursor to producing UTF-16 is the
               Parallel Markup Parser phase. It takes the lexical
            streams and produces a set of marker bitstreams in which a 1-bit identifies significant
            positions within the input data. One bitstream for each of the critical piece of
            information is created, such as the beginning and ending of start tags, end tags,
            element names, attribute names, attribute values and content. Intra-element
            well-formedness validation is performed as an artifact of this process. Like Xerces,
            icXML must provide the Line and Column position of each error. The Line-Column Tracker uses the lexical information to keep track of the
            document position(s) through the use of an optimized population count algorithm,
	      described in Error Handling. From here, two data-independent
            branches exist: the Symbol Resolver and Content Preparation Unit. 

          A typical XML file contains few unique element and attribute names—but
            each of them will occur frequently. icXML stores these as distinct data structures,
            called symbols, each with their own global identifier (GID). Using the symbol marker
            streams produced by the Parallel Markup Parser, the Symbol
               Resolver scans through the raw data to produce a sequence of GIDs, called
            the symbol stream. 

          The final components of the Parabix Subsystem are the Content
               Preparation Unit and Content Stream
            Generator. The former takes the (transposed) basis bitstreams and selectively
            filters them, according to the information provided by the Parallel Markup Parser, and
	    the latter transforms the filtered streams into the tagged UTF-16 content stream, discussed in Content Stream. 

          Combined, the symbol and content stream form icXML's compressed IR of the XML
            document. The Markup Processor
	    parses the IR to
            validate and produce the sequential output for the end user. The Final WF checker performs inter-element well-formedness validation that
            would be too costly to perform in bit space, such as ensuring every start tag has a
            matching end tag. Xerces's namespace binding functionality is replaced by the Namespace Processor. Unlike Xerces, it is a discrete phase
            that produces a series of URI identifiers (URI IDs), the URI
               stream, which are associated with each symbol occurrence. This is
		 discussed in Namespace Handling. Finally, the Validation layer implements the Xerces's validator. However,
            preprocessing associated with each symbol greatly reduces the work of this stage. 

        [image: icXML Architecture]
            
          
Figure 2.icXML Architecture
      
      
         Character Set Adapters

          In Xerces, all input is transcoded into UTF-16 to simplify the parsing costs of
            Xerces itself and provide the end-consumer with a single encoding format. In the
            important case of UTF-8 to UTF-16 transcoding, the transcoding costs can be significant,
            because of the need to decode and classify each byte of input, mapping variable-length
            UTF-8 byte sequences into 16-bit UTF-16 code units with bit manipulation operations. In
            other cases, transcoding may involve table look-up operations for each byte of input. In
            any case, transcoding imposes at least a cost of buffer copying. 

          In icXML, however, the concept of Character Set Adapters (CSAs) is used to minimize
            transcoding costs. Given a specified input encoding, a CSA is responsible for checking
            that input code units represent valid characters, mapping the characters of the encoding
            into the appropriate bitstreams for XML parsing actions (i.e., producing the lexical
            item streams), as well as supporting ultimate transcoding requirements. All of this work
            is performed using the parallel bitstream representation of the source input. 

          An important observation is that many character sets are an extension to the legacy
            7-bit ASCII character set. This includes the various ISO Latin character sets, UTF-8,
            UTF-16 and many others. Furthermore, all significant characters for parsing XML are
            confined to the ASCII repertoire. Thus, a single common set of lexical item calculations
            serves to compute lexical item streams for all such ASCII-based character sets. 

          A second observation is that—regardless of which character set is
            used—quite often all of the characters in a particular block of input will be
            within the ASCII range. This is a very simple test to perform using the bitstream
            representation, simply confirming that the bit 0 stream is zero for the entire block.
            For blocks satisfying this test, all logic dealing with non-ASCII characters can simply
            be skipped. Transcoding to UTF-16 becomes trivial as the high eight bitstreams of the
            UTF-16 form are each set to zero in this case. 

          A third observation is that repeated transcoding of the names of XML elements,
            attributes and so on can be avoided by using a look-up mechanism. That is, the first
            occurrence of each symbol is stored in a look-up table mapping the input encoding to a
            numeric symbol ID. Transcoding of the symbol is applied at this time. Subsequent look-up
            operations can avoid transcoding by simply retrieving the stored representation. As
            symbol look up is required to apply various XML validation rules, there is achieves the
            effect of transcoding each occurrence without additional cost. 

          The cost of individual character transcoding is avoided whenever a block of input is
            confined to the ASCII subset and for all but the first occurrence of any XML element or
            attribute name. Furthermore, when transcoding is required, the parallel bitstream
            representation supports efficient transcoding operations. In the important case of UTF-8
            to UTF-16 transcoding, the corresponding UTF-16 bitstreams can be calculated in bit
	      parallel fashion based on UTF-8 streams , and all but the final bytes
            of multi-byte sequences can be marked for deletion as discussed in the following
            subsection. In other cases, transcoding within a block only need be applied for
            non-ASCII bytes, which are conveniently identified by iterating through the bit 0 stream
            using bit scan operations. 

      
      
         Combined Parallel Filtering

          As just mentioned, UTF-8 to UTF-16 transcoding involves marking all but the last
            bytes of multi-byte UTF-8 sequences as positions for deletion. For example, the two
            Chinese characters 你好 are represented as two
            three-byte UTF-8 sequences E4 BD A0 and E5 A5 BD while the
            UTF-16 representation must be compressed down to the two code units 4F60
            and 597D. In the bit parallel representation, this corresponds to a
            reduction from six bit positions representing UTF-8 code units (bytes) down to just two
            bit positions representing UTF-16 code units (double bytes). This compression may be
            achieved by arranging to calculate the correct UTF-16 bits at the final position of each
            sequence and creating a deletion mask to mark the first two bytes of each 3-byte
            sequence for deletion. In this case, the portion of the mask corresponding to these
            input bytes is the bit sequence 110110. Using this approach, transcoding
            may then be completed by applying parallel deletion and inverse transposition of the
            UTF-16 bitstreams . 

          Rather than immediately paying the costs of deletion and transposition just for
            transcoding, however, icXML defers these steps so that the deletion masks for several
            stages of processing may be combined. In particular, this includes core XML requirements
            to normalize line breaks and to replace character reference and entity references by
            their corresponding text. In the case of line break normalization, all forms of line
            breaks, including bare carriage returns (CR), line feeds (LF) and CR-LF combinations
            must be normalized to a single LF character in each case. In icXML, this is achieved by
            first marking CR positions, performing two bit parallel operations to transform the
            marked CRs into LFs, and then marking for deletion any LF that is found immediately
            after the marked CR as shown by the Pablo source code in 
	      Figure 3, “Line Break Normalization Logic”.
	      

# XML 1.0 line-break normalization rules.
if lex.CR:
# Modify CR (#x0D) to LF (#x0A)
  u16lo.bit_5 ^= lex.CR
  u16lo.bit_6 ^= lex.CR
  u16lo.bit_7 ^= lex.CR
  CRLF = pablo.Advance(lex.CR) & lex.LF
  callouts.delmask |= CRLF
# Adjust LF streams for line/column tracker
  lex.LF |= lex.CR
  lex.LF ^= CRLF



Figure 3.Line Break Normalization Logic
          In essence, the deletion masks for transcoding and for line break normalization each
            represent a bitwise filter; these filters can be combined using bitwise-or so that the
            parallel deletion algorithm need only be applied once. 

          A further application of combined filtering is the processing of XML character and
	   entity references. Consider, for example, the references &amp; or
	     &#x3C; which must be replaced in XML processing with the single
               & and < characters, respectively. The
            approach in icXML is to mark all but the first character positions of each reference for
            deletion, leaving a single character position unmodified. Thus, for the references
               &amp; or &#x3C; the masks 01111 and
               011111 are formed and combined into the overall deletion mask. After the
            deletion and inverse transposition operations are finally applied, a post-processing
            step inserts the proper character at these positions. One note about this process is
            that it is speculative; references are assumed to generally be replaced by a single
            UTF-16 code unit. In the case, that this is not true, it is addressed in
            post-processing. 

          The final step of combined filtering occurs during the process of reducing markup
            data to tag bytes preceding each significant XML transition as described in
	      Content Stream. Overall, icXML avoids separate buffer copying
            operations for each of the these filtering steps, paying the cost of parallel deletion
            and inverse transposition only once. Currently, icXML employs the parallel-prefix
            compress algorithm of Steele . Performance is independent of the
            number of positions deleted. Future versions of icXML are expected to take advantage of
            the parallel extract operation  that Intel is now providing in its
            Haswell architecture. 

      
      
         Content Stream

          A relatively-unique concept for icXML is the use of a filtered content stream.
            Rather that parsing an XML document in its original format, the input is transformed
            into one that is easier for the parser to iterate through and produce the sequential
            output. In Table 5, the source data
	      <document>fee<element a1='fie' a2 = 'foe'></element>fum</document>
	     is transformed into 
           
         0fee0=fie0=foe0>0/fum0/
   
            through the parallel filtering algorithm, described in Combined Parallel Filtering. 

	      
	    		Table 5XML Source Data and Derived Parallel Bit Streams


          	 Source Data 	
	                             <document>fee<element a1='fie' a2 = 'foe'></element>fum</document> 

	       	 String Ends 	 1____________1_______________1__________1_1____________1__________

	 Markup Identifiers 	         _________1______________1_________1______1_1____________1_________

	 Deletion Mask 	              _11111111_____1111111111_1____1111_11_______11111111_____111111111

	 Undeleted Data 	 0________>fee0__________=_fie0____=__foe0>0/________fum0/_________
   


                  





          Combined with the symbol stream, the parser traverses the content stream to
            effectively reconstructs the input document in its output form. The initial 0 indicates an empty content string. The following
               > indicates that a start tag without any attributes is the first
            element in this text and the first unused symbol, document, is the element
            name. Succeeding that is the content string fee, which is null-terminated
            in accordance with the Xerces API specification. Unlike Xerces, no memory-copy
            operations are required to produce these strings, which as
	      Table 1 shows accounts for 6.83% of Xerces's execution time.
            Additionally, it is cheap to locate the terminal character of each string: using the
            String End bitstream, the Parabix Subsystem can effectively calculate the offset of each
            null character in the content stream in parallel, which in turn means the parser can
            directly jump to the end of every string without scanning for it. 

          Following 'fee' is a =, which marks the
            existence of an attribute. Because all of the intra-element was performed in the Parabix
            Subsystem, this must be a legal attribute. Since attributes can only occur within start
            tags and must be accompanied by a textual value, the next symbol in the symbol stream
            must be the element name of a start tag, and the following one must be the name of the
            attribute and the string that follows the = must be its value. However, the
            subsequent = is not treated as an independent attribute because the parser
            has yet to read a >, which marks the end of a start tag. Thus only
            one symbol is taken from the symbol stream and it (along with the string value) is added
            to the element. Eventually the parser reaches a /, which marks the
            existence of an end tag. Every end tag requires an element name, which means they
            require a symbol. Inter-element validation whenever an empty tag is detected to ensure
            that the appropriate scope-nesting rules have been applied. 

      
      
         Namespace Handling

         
          In XML, namespaces prevents naming conflicts when multiple vocabularies are used
            together. It is especially important when a vocabulary application-dependant meaning,
            such as when XML or SVG documents are embedded within XHTML files. Namespaces are bound
            to uniform resource identifiers (URIs), which are strings used to identify specific
            names or resources. On line 1 in Table 6, the xmlns
            attribute instructs the XML processor to bind the prefix p to the URI
               'pub.net' and the default (empty) prefix to
               book.org. Thus to the XML processor, the title on line 2
            and price on line 4 both read as
            "book.org":title and
               "book.org":price respectively, whereas on line 3 and
            5, p:name and price are seen as
               "pub.net":name and
               "pub.net":price. Even though the actual element name
               price, due to namespace scoping rules they are viewed as two
            uniquely-named items because the current vocabulary is determined by the namespace(s)
            that are in-scope. 


                  Table 6XML Namespace Example


 	1. 	<book xmlns:p="pub.net" xmlns="book.org"> 

 	2. 	  <title>BOOK NAME</title> 

 	3. 	  <p:name>PUBLISHER NAME</p:name> 

 	4. 	  <price>X</price> 

 	5. 	  <price xmlns="publisher.net">Y</price> 

 	6. 	</book> 

                  
               


         

          In both Xerces and icXML, every URI has a one-to-one mapping to a URI ID. These
            persist for the lifetime of the application through the use of a global URI pool. Xerces
            maintains a stack of namespace scopes that is pushed (popped) every time a start tag
            (end tag) occurs in the document. Because a namespace declaration affects the entire
            element, it must be processed prior to grammar validation. This is a costly process
            considering that a typical namespaced XML document only comes in one of two forms: (1)
            those that declare a set of namespaces upfront and never change them, and (2) those that
            repeatedly modify the namespaces in predictable patterns. 

          For that reason, icXML contains an independent namespace stack and utilizes bit
            vectors to cheaply perform 
             When a prefix is
            declared (e.g., xmlns:p="pub.net"), a namespace binding
            is created that maps the prefix (which are assigned Prefix IDs in the symbol resolution
            process) to the URI. Each unique namespace binding has a unique namespace id (NSID) and
            every prefix contains a bit vector marking every NSID that has ever been associated with
	      it within the document. For example, in Table 6, the prefix binding
            set of p and xmlns would be 01 and
            11 respectively. To resolve the in-scope namespace binding for each prefix,
            a bit vector of the currently visible namespaces is maintained by the system. By ANDing
            the prefix bit vector with the currently visible namespaces, the in-scope NSID can be
            found using a bit-scan intrinsic. A namespace binding table, similar to 
            Table 7, provides the actual URI ID. 


                  Table 7Namespace Binding Table Example


		     	NSID 	 Prefix 	 URI 	 Prefix ID 	 URI ID 
		     

		   
                  
	0 	  p 	  pub.net 	 0 	 0 
 
 	1 	  xmlns 	  books.org 	 1 	 1 
 
 	2 	  xmlns 	  pub.net 	 1 	 0 
 
                  
               


         
         
            
            
            
            
         

          To ensure that scoping rules are adhered to, whenever a start tag is encountered,
            any modification to the currently visible namespaces is calculated and stored within a
            stack of bit vectors denoting the locally modified namespace bindings. When an end tag
            is found, the currently visible namespaces is XORed with the vector at the top of the
            stack. This allows any number of changes to be performed at each scope-level with a
            constant time.
            
         

      
      
         Error Handling

         
            
            Xerces outputs error messages in two ways: through the programmer API and as thrown
            objects for fatal errors. As Xerces parses a file, it uses context-dependant logic to
            assess whether the next character is legal; if not, the current state determines the
            type and severity of the error. icXML emits errors in the similar manner—but
            how it discovers them is substantially different. Recall that in Figure
            Figure 2, “icXML Architecture”, icXML is divided into two sections: the Parabix Subsystem and
            Markup Processor, each with its own system for detecting and producing error messages. 

          Within the Parabix Subsystem, all computations are performed in parallel, a block at
            a time. Errors are derived as artifacts of bitstream calculations, with a 1-bit marking
            the byte-position of an error within a block, and the type of error is determined by the
            equation that discovered it. The difficulty of error processing in this section is that
            in Xerces the line and column number must be given with every error production. Two
            major issues exist because of this: (1) line position adheres to XML white-normalization
            rules; as such, some sequences of characters, e.g., a carriage return followed by a line
            feed, are counted as a single new line character. (2) column position is counted in
            characters, not bytes or code units; thus multi-code-unit code-points and surrogate
            character pairs are all counted as a single column position. Note that typical XML
            documents are error-free but the calculation of the line/column position is a constant
            overhead in Xerces.  To
            reduce this, icXML pushes the bulk cost of the line/column calculation to the occurrence
            of the error and performs the minimal amount of book-keeping necessary to facilitate it.
            icXML leverages the byproducts of the Character Set Adapter (CSA) module and amalgamates
            the information within the Line Column Tracker (LCT). One of the CSA's major
            responsibilities is transcoding an input text.
             During this process,
            white-space normalization rules are applied and multi-code-unit and surrogate characters
            are detected and validated. A line-feed bitstream,
            which marks the positions of the normalized new lines characters, is a natural
            derivative of this process. Using an optimized population count algorithm, the line
            count can be summarized cheaply for each valid block of text.
             Column position is more
            difficult to calculate. It is possible to scan backwards through the bitstream of new
            line characters to determine the distance (in code-units) between the position between
            which an error was detected and the last line feed. However, this distance may exceed
            than the actual character position for the reasons discussed in (2). To handle this, the
            CSA generates a skip mask bitstream by ORing together
            many relevant bitstreams, such as all trailing multi-code-unit and surrogate characters,
            and any characters that were removed during the normalization process. When an error is
            detected, the sum of those skipped positions is subtracted from the distance to
            determine the actual column number. 

          The Markup Processor is a state-driven machine. As such, error detection within it
            is very similar to Xerces. However, reporting the correct line/column is a much more
            difficult problem. The Markup Processor parses the content stream, which is a series of
            tagged UTF-16 strings. Each string is normalized in accordance with the XML
            specification. All symbol data and unnecessary whitespace is eliminated from the stream;
            thus its impossible to derive the current location using only the content stream. To
            calculate the location, the Markup Processor borrows three additional pieces of
            information from the Parabix Subsystem: the line-feed, skip mask, and a deletion mask stream, which is a bitstream denoting the
            (code-unit) position of every datum that was suppressed from the source during the
            production of the content stream. Armed with these, it is possible to calculate the
            actual line/column using the same system as the Parabix Subsystem until the sum of the
            negated deletion mask stream is equal to the current position. 

      
   

   
      Multithreading with Pipeline Parallelism

       As discussed in section Xerces C++ Structure, Xerces can be considered a FSM
         application. These are "embarrassingly
         sequential." and notoriously difficult to
         parallelize. However, icXML is designed to organize processing into logical layers. In
         particular, layers within the Parabix Subsystem are designed to operate over significant
         segments of input data before passing their outputs on for subsequent processing. This fits
         well into the general model of pipeline parallelism, in which each thread is in charge of a
         single module or group of modules. 

       The most straightforward division of work in icXML is to separate the Parabix Subsystem
         and the Markup Processor into distinct logical layers into two separate stages. The
         resultant application, icXML-p, is a course-grained
         software-pipeline application. In this case, the Parabix Subsystem thread
               T1 reads 16k of XML input I at a
         time and produces the content, symbol and URI streams, then stores them in a pre-allocated
         shared data structure S. The Markup Processor thread
            T2 consumes S, performs well-formedness
         and grammar-based validation, and the provides parsed XML data to the application through
         the Xerces API. The shared data structure is implemented using a ring buffer, where every
         entry contains an independent set of data streams. In the examples of
	   Figure 4, “Thread Balance in Two-Stage Pipelines: Stage 1 Dominant”, the ring buffer has four entries. A
         lock-free mechanism is applied to ensure that each entry can only be read or written by one
         thread at the same time. In  Figure 4, “Thread Balance in Two-Stage Pipelines: Stage 1 Dominant” the processing time of
               T1 is longer than
         T2; thus T2 always
         waits for T1 to write to the shared memory.  
	 Figure 5, “Thread Balance in Two-Stage Pipelines: Stage 2 Dominant” illustrates the scenario in which
         T1 is faster and must wait for
            T2 to finish reading the shared data before it can
         reuse the memory space. 
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Figure 4.Thread Balance in Two-Stage Pipelines: Stage 1 Dominant[image: Thread Balance in Two-Stage Pipelines: Stage 2 Dominant]
            
          
Figure 5.Thread Balance in Two-Stage Pipelines: Stage 2 Dominant
       Overall, our design is intended to benefit a range of applications. Conceptually, we
         consider two design points. The first, the parsing performed by the Parabix Subsystem
         dominates at 67% of the overall cost, with the cost of application processing (including
         the driver logic within the Markup Processor) at 33%. The second is almost the opposite
         scenario, the cost of application processing dominates at 60%, while the cost of XML
         parsing represents an overhead of 40%. 

       Our design is predicated on a goal of using the Parabix framework to achieve a 50% to
         100% improvement in the parsing engine itself. In a best case scenario, a 100% improvement
         of the Parabix Subsystem for the design point in which XML parsing dominates at 67% of the
         total application cost. In this case, the single-threaded icXML should achieve a 1.5x
         speedup over Xerces so that the total application cost reduces to 67% of the original.
         However, in icXML-p, our ideal scenario gives us two well-balanced threads each performing
         about 33% of the original work. In this case, Amdahl's law predicts that we could expect up
         to a 3x speedup at best. 

       At the other extreme of our design range, we consider an application in which core
         parsing cost is 40%. Assuming the 2x speedup of the Parabix Subsystem over the
         corresponding Xerces core, single-threaded icXML delivers a 25% speedup. However, the most
         significant aspect of our two-stage multi-threaded design then becomes the ability to hide
         the entire latency of parsing within the serial time required by the application. In this
         case, we achieve an overall speedup in processing time by 1.67x. 

       Although the structure of the Parabix Subsystem allows division of the work into
         several pipeline stages and has been demonstrated to be effective for four pipeline stages
         in a research prototype , our analysis here suggests that the further
         pipelining of work within the Parabix Subsystem is not worthwhile if the cost of
         application logic is little as 33% of the end-to-end cost using Xerces. To achieve benefits
         of further parallelization with multi-core technology, there would need to be reductions in
         the cost of application logic that could match reductions in core parsing cost. 

   

   
      Performance

       We evaluate Xerces-C++ 3.1.1, icXML, icXML-p against two benchmarking applications: the
         Xerces C++ SAXCount sample application, and a real world GML to SVG transformation
         application. We investigated XML parser performance using an Intel Core i7 quad-core (Sandy
         Bridge) processor (3.40GHz, 4 physical cores, 8 threads (2 per core), 32+32 kB (per core)
         L1 cache, 256 kB (per core) L2 cache, 8 MB L3 cache) running the 64-bit version of Ubuntu
         12.04 (Linux). 

       We analyzed the execution profiles of each XML parser using the performance counters
         found in the processor. We chose several key hardware events that provide insight into the
         profile of each application and indicate if the processor is doing useful work. The set of
         events included in our study are: processor cycles, branch instructions, branch
         mispredictions, and cache misses. The Performance Application Programming Interface (PAPI)
         Version 5.5.0  toolkit was installed on the test system to facilitate the
         collection of hardware performance monitoring statistics. In addition, we used the Linux
         perf  utility to collect per core hardware events. 

      
         Xerces C++ SAXCount

          Xerces comes with sample applications that demonstrate salient features of the
            parser. SAXCount is the simplest such application: it counts the elements, attributes
            and characters of a given XML file using the (event based) SAX API and prints out the
            totals. 


  Table 8 shows the document characteristics of the XML input files
            selected for the Xerces C++ SAXCount benchmark. The jaw.xml represents document-oriented
            XML inputs and contains the three-byte and four-byte UTF-8 sequence required for the
            UTF-8 encoding of Japanese characters. The remaining data files are data-oriented XML
            documents and consist entirely of single byte encoded ASCII characters. 
  

                  Table 8XML Document Characteristics


 	File Name 			 jaw.xml	 		 road.gml 		 po.xml		 soap.xml 
 
	File Type 			 document 			 data			 data			 data	 
 	
	File Size (kB) 			 7343 				 11584 		 76450			 2717 
 
	Markup Item Count 		 74882 			 280724  		 4634110		 18004 
 
  	Markup Density 			 0.13 				 0.57  		 0.76			 0.87	
 
                  
               


	    
          A key predictor of the overall parsing performance of an XML file is markup
	   density[2]. This metric has substantial influence on the
            performance of traditional recursive descent XML parsers because it directly corresponds
            to the number of state transitions that occur when parsing a document. We use a mixture
            of document-oriented and data-oriented XML files to analyze performance over a spectrum
            of markup densities. 

          Figure 6, “SAXCount Performance Comparison” compares the performance of Xerces, icXML and pipelined icXML
            in terms of CPU cycles per byte for the SAXCount application. The speedup for icXML over
            Xerces is 1.3x to 1.8x. With two threads on the multicore machine, icXML-p can achieve
            speedup up to 2.7x. Xerces is substantially slowed by dense markup but icXML is less
            affected through a reduction in branches and the use of parallel-processing techniques.
            icXML-p performs better as markup-density increases because the work performed by each
            stage is well balanced in this application. 
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Figure 6.SAXCount Performance Comparison
      
      
         GML2SVG

	 As a more substantial application of XML processing, the GML-to-SVG (GML2SVG) application
was chosen.   This application transforms geospatially encoded data represented using 
an XML representation in the form of Geography Markup Language (GML)  
into a different XML format  suitable for displayable maps: 
Scalable Vector Graphics (SVG) format . In the GML2SVG benchmark, GML feature elements 
and GML geometry elements tags are matched. GML coordinate data are then extracted 
and transformed to the corresponding SVG path data encodings. 
Equivalent SVG path elements are generated and output to the destination 
SVG document.  The GML2SVG application is thus considered typical of a broad
class of XML applications that parse and extract information from 
a known XML format for the purpose of analysis and restructuring to meet
the requirements of an alternative format.


Our GML to SVG data translations are executed on GML source data 
modelling the city of Vancouver, British Columbia, Canada. 
The GML source document set 
consists of 46 distinct GML feature layers ranging in size from approximately 9 KB to 125.2 MB 
and with an average document size of 18.6 MB. Markup density ranges from approximately 0.045 to 0.719 
and with an average markup density of 0.519. In this performance study, 
213.4 MB of source GML data generates 91.9 MB of target SVG data.
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Figure 7.Performance Comparison for GML2SVG
	
Figure 7, “Performance Comparison for GML2SVG” compares the performance of the GML2SVG application linked against
the Xerces, icXML and icXML-p.   
On the GML workload with this application, single-thread icXML
achieved about a 50% acceleration over Xerces, 
increasing throughput on our test machine from 58.3 MB/sec to 87.9 MB/sec.   
Using icXML-p, a further throughput increase to 111 MB/sec was recorded, 
approximately a 2X speedup.


An important aspect of icXML is the replacement of much branch-laden
sequential code inside Xerces with straight-line SIMD code using far
fewer branches.  Figure 8, “Comparative Branch Misprediction Rate” shows the corresponding
improvement in branching behaviour, with a dramatic reduction in branch misses per kB.
It is also interesting to note that icXML-p goes even further.   
In essence, in using pipeline parallelism to split the instruction 
stream onto separate cores, the branch target buffers on each core are
less overloaded and able to increase the successful branch prediction rate.
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Figure 8.Comparative Branch Misprediction Rate

The behaviour of the three versions with respect to L1 cache misses per kB is shown
in Figure 9, “Comparative Cache Miss Rate”.   Improvements are shown in both instruction-
and data-cache performance with the improvements in instruction-cache
behaviour the most dramatic.   Single-threaded icXML shows substantially improved
performance over Xerces on both measures.   
Although icXML-p is slightly worse with respect to data-cache performance, 
this is more than offset by a further dramatic reduction in instruction-cache miss rate.
Again partitioning the instruction stream through the pipeline parallelism model has 
significant benefit.
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Figure 9.Comparative Cache Miss Rate

One caveat with this study is that the GML2SVG application did not exhibit 
a relative balance of processing between application code and Xerces library
code reaching the 33% figure.  This suggests that for this application and
possibly others, further separating the logical layers of the
icXML engine into different pipeline stages could well offer significant benefit.
This remains an area of ongoing work.

      
   

   
      Conclusion and Future Work

       This paper is the first case study documenting the significant performance benefits
         that may be realized through the integration of parallel bitstream technology into existing
         widely-used software libraries. In the case of the Xerces-C++ XML parser, the combined
         integration of SIMD and multicore parallelism was shown capable of dramatic producing
         dramatic increases in throughput and reductions in branch mispredictions and cache misses.
         The modified parser, going under the name icXML is designed to provide the full
         functionality of the original Xerces library with complete compatibility of APIs. Although
         substantial re-engineering was required to realize the performance potential of parallel
         technologies, this is an important case study demonstrating the general feasibility of
         these techniques. 

       The further development of icXML to move beyond 2-stage pipeline parallelism is
         ongoing, with realistic prospects for four reasonably balanced stages within the library.
         For applications such as GML2SVG which are dominated by time spent on XML parsing, such a
         multistage pipelined parsing library should offer substantial benefits. 

       The example of XML parsing may be considered prototypical of finite-state machines
         applications which have sometimes been considered "embarassingly
         sequential" and so difficult to parallelize that "nothing
         works." So the case study presented here should be considered an important data
         point in making the case that parallelization can indeed be helpful across a broad array of
         application types. 

       To overcome the software engineering challenges in applying parallel bitstream
         technology to existing software systems, it is clear that better library and tool support
         is needed. The techniques used in the implementation of icXML and documented in this paper
         could well be generalized for applications in other contexts and automated through the
         creation of compiler technology specifically supporting parallel bitstream programming.
      
 
      Given the success of the icXML development, there is a strong case for continued
	    development of the Parabix framework as well as for the application of Parabix
	    to other important XML technology stacks.   In particular, an important area for further 
	    work is to extend the benefits of SIMD and multicore parallelism to the acceleration
	    of Java-based XML processors. 
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Notes
Herein FSM applications are considered software systems whose
            behaviour is defined by the inputs, current state and the events associated with
	      transitions of states.

View note in Notes section
Markup Density: the ratio of markup bytes used to define the structure
	     of the document vs. its file size.

View note in Notes section

	[1]Herein FSM applications are considered software systems whose
            behaviour is defined by the inputs, current state and the events associated with
	      transitions of states.


	[2]Markup Density: the ratio of markup bytes used to define the structure
	     of the document vs. its file size.
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      Abstract
The ISO Standards Tags Set (ISOSTS) is a customization of NISO’s Journal Article Tag Suite (JATS) developed for the International Standards Organization for authoring standards
        documents.

      As part of the authoring workflow used at ISO, they required the capability to produce redline publications of a document in order to show
        changes between different versions of a given standard. Alongside Typefi, who provided the functionality for publishing the marked XML into PDF with redlining, we provided our XML
        comparison toolset to detect and mark the changes as required.

      This paper discusses some of the issues we faced while completing this work, including the representation of changes in the XML, comparison of tables, ignoring text formatting
        changes, and the use of processing instructions. The paper also looks at the pros and cons of various format design decisions that can have an impact on the suitability of that
        format to support good comparison.
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    Introduction

    The ISO Standards Tags Set (ISOSTS) [isosts] is a customization of NISO’s Journal Article Tag Suite (JATS) developed by Mulberry Technologies
        [mulberry] for the International Standards Organization for authoring standards documents. Documents authored in this format can then be
      converted into multiple publishing formats such as Adobe InDesign, PDF, HTML or EPUB, using a solution from Typefi called Typefi Publish [typefi-publish]. As part of the authoring workflow used at ISO, there was a requirement to produce documents in these published formats that displayed changes between
      different versions of a standard using redlining. Redlining is a technique for marking changes in a document, typically using text styling to highlight deleted and/or added content.
      For example, all deleted text could be highlighted by colouring it red and striking through the text. Added content could be highlighted with an underline. It is also common practice
      to highlight only added content and mark the position of deleted content using a caret such as ‸ or ⁁.

    Typefi approached us and asked us to be involved in producing a proof of concept, building on top of their existing solution for ISO. Our expertise in XML comparison and change
      representation matches perfectly with Typefi’s expertise in content layout and document publishing to provide a solution to this new requirement for ISO. Our contribution included
      producing a tailored comparison of ISOSTS documents, ignoring certain types of change that were not important to ISO. The result from this is fed into Typefi Publish which handles the
      DeltaXML change representation format, DeltaV2, to produce the redlined final output. As an alternative, we also provided modifications to ISO XSLT stylesheets that convert ISOSTS into
      XHTML directly. These modifications used CSS to provide the redline change highlighting.

  
  
    Document Comparison Overview

    Comparison is a key component of any system that is dealing with documents that change during their lifetime. Understanding the differences between different versions of a document
      is absolutely vital and, in some industries, can even be a legal requirement. It is therefore important to understand the implications for document comparison when those documents are
      stored in an XML format such as ISOSTS.

    Because of the structure and syntax of XML, line based comparison tools can often produce incorrect comparison results. Line based tools are often unaware of XML syntax, and
      changes which can usually be ignored, such as indentation, namespace prefixes, and attribute ordering can lead to false notification of changes. Consider the following two XML
      documents and the line-based comparison provided by a UNIX diff.

    <document xmlns="demo-namespace">
  <title>This is the document title</title>
  <p>An example paragraph</p>
  <p>Lack of namespace awareness makes line based diff ineffective</p>
</document>

    
Figure 1.Document A
    <demo:document xmlns:demo="demo-namespace">
  <demo:title>This is the document title</demo:title>
  <demo:p>An example paragraph</demo:p>
  <demo:p>Lack of namespace awareness makes line-based diff ineffective</demo:p>
</demo:document>

    
Figure 2.Document B
    1,5c1,5
< <document xmlns="demo-namespace">
<   <title>This is the document title</title>
<   <p>An example paragraph</p>
<   <p>Lack of namespace awareness makes line based diff ineffective</p>
< </document>
---
> <demo:document xmlns:demo="demo-namespace">
>   <demo:title>This is the document title</demo:title>
>   <demo:p>An example paragraph</demo:p>
>   <demo:p>Lack of namespace awareness makes line-based diff ineffective</demo:p>
> </demo:document>

    
Figure 3.Result of comparing Figure 1, “Document A” and Figure 2, “Document B” with UNIX diff
    The result of this particular line based comparison gives no advantage over visually inspecting the two documents to detect the differences. The tool’s lack of understanding of XML
      syntax means that it detects far too much difference in the two documents. 

    It is possible to improve the results of a line based comparison by canonicalizing the documents to be compared to ensure consistent use of namespace prefixes, defined attribute
      ordering, and consistent indentation. This will go some way to reducing the amount of false differences identified by line based tools but there are still limitations with what can be
      achieved. Change identification at the word level is potentially still problematic and if the documents reference a DTD for example, correct parsing of the documents is necessary for a
      comprehensive comparison since parsing may actually affect the content of the document itself (this is covered in more detail in Infoset Augmentation).

    An XML aware tool has the advantage of being able to parse the document, taking into account any references to external content (e.g. DTDs, XIncludes) where necessary. As well as
      parsing, it is then a simple task to add pre-processing of documents using various XSLT steps to perform tasks such as segmenting sentences into individual words. If we use an XML
      aware tool such as DeltaXML Core to compare the two documents, we get a result more like that shown in Figure 4, “Result of comparing and with DeltaXML Core”. This is an HTML rendering of the underlying
      result format produced by DeltaXML Core.
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Figure 4.Result of comparing Figure 1, “Document A” and Figure 2, “Document B” with DeltaXML Core
    
      Change representation

      Identifying change to XML documents is just the first part of a solution. Once these changes have been discovered, there needs to be a way of representing those changes. This
        does not necessarily need to be in a result document; in some use cases it may be appropriate to produce a report on the changes that have been made. However, in the context of
        producing redline documents, it will be necessary to represent the changes within the context of the documents themselves. In the case of ISOSTS, this marked document is an
        intermediate result file which can subsequently be rendered either as a redlined PDF, using Typefi Publish, or as a redlined XHTML document, using the XSLT stylesheet extension
        mentioned in HTML change visualization.

      There are several options for representing change within the document context, each of which has its own benefits and drawbacks.

      
        Tracked Changes

        Although tracked change representations are usually intended to be generated during live editing of a document, it is perfectly possible to generate the relevant syntax from
          changes identified during a comparison. The actual syntax varies depending on the consuming application but many editors use processing instructions to mark changes.

        The advantage of processing instructions as a representation is that they do not break the validity of the content they are tracking and they do not require modification to a
          format to enable tracking of change. A major disadvantage is that there is no standard syntax defined; each editor typically uses its own syntax to represent change. This means
          that, if visualisation of changes is required in multiple editors, changes identified will need to be converted into multiple result formats. There is also the chance that it is
          not possible to represent specific types of change, e.g. attribute changes, using the syntax provided by a specific editor.

        This type of change representation was not appropriate in the ISO solution as the final document needed to be a published document that was not viewed in an editing
          application. In order for changes to be displayed in hard copies of a document, they needed to be represented by styling of the text and, while it is technically possible to
          convert these processing instructions into styling as part of a publishing process, other representations were deemed more suitable. 

      
      
        Format-specific syntax

        Some document formats, e.g. DocBook, DITA, and OpenDocument, define elements and/or attributes specifically for marking changes. DocBook, for example, includes a
            revisionflag attribute on most elements that can take the values changed, added, deleted, and off. DITA includes
          a CDATA rev attribute and a status attribute that can take the values changed, new, deleted, and
            unchanged. These attributes can be used to represent change, and the relevant tools for publishing documents to formats such as HTML and PDF can use them to add
          styling for change highlighting.

        The advantage of using this type of syntax is that it is built directly into the language specification. This means that there is often support for making use of such syntax in
          existing publishing tools. Again, one disadvantage is that the syntax may not be valid on every element that has been changed. In DocBook and DITA, it is not possible to mark
          attribute changes using the aforementioned syntax. 

        Of course, not all documentation formats include such syntax in their specification and in this case, we must either amend the specification where possible, or use another
          approach. This was the case for ISOSTS but as we were not able to edit the specification we opted to use our own generic change representation.

      
      
        Generic change representation

        Both options listed above are specific to particular formats or editors and, while they are useful ways of representing change, they do require the use of specific tools or
          languages. A generic way of representing change in XML is a more preferable solution as it can be applied to any XML format, whether change marking is specified in the language or
          not and, with appropriate support, could be visualised in any editor.

        A generic solution should be able to represent change to any part of an XML document including addition/deletion/modification of attributes, and addition/deletion of elements
          and text. Ideally, it should not cause the XML document to be invalid and it should be simple to process the document to obtain the ‘latest’ version. To ensure consistency across
          different document formats and editors, such a solution lends itself well to becoming a standard and the W3C has created a Change Tracking Markup Community Group [w3c-change] in order to discuss ideas that could potentially lead to a standard.

        In the meantime, we continue to use our own generic markup format, DeltaV2 [deltav2], to represent changes to XML documents. This markup
          uses elements and attributes in a separate namespace to show the input documents in which each element occurred. In the case where an element occurs in both documents, attributes
          are used to show whether there have been modifications. It is possible to represent attribute changes by converting an element’s changed attributes into an XML subtree containing
          the relevant information. Text changes are also represented by wrapping different versions of text strings inside elements. An example result representing the changes between the
          documents defined above (Figure 1, “Document A” and Figure 2, “Document B”) is shown below.

        <document xmlns:deltaxml="http://www.deltaxml.com/ns/well-formed-delta-v1"
          deltaxml:deltaV2="A!=B" deltaxml:version="2.0" deltaxml:content-type="full-context">
  <title deltaxml:deltaV2="A=B">This is the document title</title>
  <p deltaxml:deltaV2="A=B">An example paragraph</p>
  <p deltaxml:deltaV2="A!=B">Lack of namespace awareness makes line
  <deltaxml:textGroup deltaxml:deltaV2="A!=B">
    <deltaxml:text deltaxml:deltaV2="A"> </deltaxml:text>
    <deltaxml:text deltaxml:deltaV2="B">-</deltaxml:text>
  </deltaxml:textGroup>
  based diff ineffective</p>
</document>

        
Figure 5.DeltaV2 Result
      
    
  
  
    Making use of DTDs and schema

    We encountered issues with some of the ISO documents we tested as the use of DOCTYPE instructions was not consistent. For a given pair of documents, for example, one included a
      DOCTYPE instruction but the other did not. This led to issues, particularly with infoset augmentation, described below. The ISOSTS standard does not explicitly state the intended use
      of the DTD and whether it should be included in instance files in a DOCTYPE instruction. This could lead to different behaviour for documents provided by different implementers. Many
      specifications, for example the XHTML specification [xhtml-spec], explicitly state that a conforming document MUST include a DOCTYPE
      instruction.

    While many XML authors will understand that a DOCTYPE instruction has “something to do with validating” the XML they are writing, they will not always be clear about the full
      implications of this instruction. While it is true that a DTD provides validation of the document being authored, it also has implications on the meaning of whitespace in a document
      and on the appearance and/or value of certain attributes.

    
      Whitespace

      Prior to comparison, it is recommended practice to ‘normalize’ whitespace within the input documents. This is because differences in whitespace are not usually significant to
        authors and in fact cannot always be represented once a document has been rendered in a publishing format. Whitespace normalization, in its simplest sense, converts each whitespace
        sequence into a single space character. This means that all indentation and occurrences of multiple contiguous spaces are removed, being replaced by a single space. More typically
        though, normalization also involves the complete removal of inter-element whitespace. This is whitespace that is used purely for indentation and
        readability and has no textual meaning at all. A simplistic approach to normalizing this kind of whitespace is to remove all PCDATA nodes that contain only whitespace characters.
        This leads to problems in mixed content, as can be seen in the example below.

      <document>•
••<p>This◦text◦contains◦<b>bold◦and</b>*<i>italic</i>◦text</p>•
</document>

      
Figure 6.
      The example includes three types of whitespace nodes: inter-element whitespace within a PCDATA node that contains only whitespace (marked with a •) that can safely be removed
        entirely, whitespace within a PCDATA node that also contains non-whitespace characters (marked with a ◦) that can be normalized to a single space character but should not be removed,
        and whitespace within a PCDATA node that contains purely whitespace (marked with a *) that should NOT be removed. The difference between the whitespace marked * and that marked • is
        not obvious when subsequently processing the XML but the use of a DOCTYPE instruction will cause the different types of whitespace to be reported differently by an XML parser.

      Consider a possible DTD for this document, shown below.

      <!ELEMENT document  (p)* >
<!ELEMENT p         (#PCDATA | b | i)* >
<!ELEMENT b         (#PCDATA) >
<!ELEMENT i         (#PCDATA) >

      
Figure 7.
      With the inclusion of this DTD, the parser can now differentiate between the different types of whitespace. Whitespace marked in the previous example as • can now be reported as
          ignorable whitespace as the DTD states that no PCDATA can be present as a child of the document element. All other whitespace is
        reported using the characters event and should be treated as ‘normal’ PCDATA. It could still be normalized to a single space character but should not
        be removed entirely.

    
    
      Infoset Augmentation

      Another important implication of DTD or schema use is infoset augmentation. Infoset augmentation means adding data from the DTD or schema to the resulting parsed representation.
        It is often used to specify values of attributes, for example that a table by default will have a 1 pixel border.

      If DOCTYPE instructions are not used consistently in documents to be compared, it is quite possible that one of the inputs will undergo infoset augmentation while the other one
        does not. This causes misleading comparison results to appear because attributes that were added during parsing in one document but not in the other appear as added or deleted in the
        result. Such problems can be avoided by consistent use of DOCTYPE instructions.

    
  
  
    Table Comparison

    The ISOSTS specification uses the XHTML table model to define how tables are declared. While not as complex as the CALS table model, there are still significant issues with this
      model if tables are compared as ‘plain’ XML, without knowledge of the table structure. One example of this is adding row spanning to a cell.

    <table>
  <tbody>
    <tr><td>Cell 1</td><td>Cell 2</td></tr>
    <tr><td>Cell 3</td><td>Cell 4</td></tr>
    <tr><td>Cell 5</td><td>Cell 6</td></tr>
  </tbody>
</table>

      
        Table 1Original Table, rendered


          
            	Cell 1
            	Cell 2
          

          
            	Cell 3
            	Cell 4
          

          
            	Cell 5
            	Cell 6
          

        
      



    
Figure 8.Original TableOriginal Table, rendered


    <table>
  <tbody>
    <tr><td rowspan="2">Cell 1</td><td>Cell 2</td></tr>
    <tr><td>Cell 4</td></tr>
    <tr><td>Cell 5</td><td>Cell 6</td></tr>
  </tbody>
</table>

      
        Table 2Modified Table, rendered


          
            	Cell 1
            	Cell 2
          

          
            	Cell 4
          

          
            	Cell 5
            	Cell 6
          

        
      



    
Figure 9.Modified TableModified Table, rendered


    <table deltaxml:deltaV2="A!=B" ...>
  <tbody deltaxml:deltaV2="A!=B">
    <tr deltaxml:deltaV2="A!=B">
      <td deltaxml:deltaV2="A!=B">
        <deltaxml:attributes deltaxml:deltaV2="B">
          <dxa:rowspan deltaxml:deltaV2="B">
            <deltaxml:attributeValue deltaxml:deltaV2="B">2</deltaxml:attributeValue>
          </dxa:rowspan>
        </deltaxml:attributes>
        Cell 1
      </td>
      <td deltaxml:deltaV2="A=B">Cell 2</td>
    </tr>
    <tr deltaxml:deltaV2="A!=B">
      <td deltaxml:deltaV2="A">Cell 3</td>
      <td deltaxml:deltaV2="A=B">Cell 4</td>
    </tr>
    <tr deltaxml:deltaV2="A=B">
      <td>Cell 5</td>
      <td>Cell 6</td>
    </tr>
  </tbody>
</table>

      
        Table 3Rendered result table, using bold italics to show deletion


          
            	Cell 1
            	Cell 2
          

          
            	Cell 3
            	Cell 4
          

          
            	Cell 5
            	Cell 6
          

        
      



    
Figure 10.Table Comparison ResultRendered result table, using bold italics to show deletion


    As can be seen, the resultant table does not render well as the second row now includes too many cells, thus pushing Cell 4 too far to the right. A better result would be to handle
      the change to row spanning by including the problematic rows from the original table, marked as deleted, followed by the matching rows from the modified table, marked as added. This
      can be seen in the example below.

    <table deltaxml:deltaV2="A!=B" ...>
  <tbody deltaxml:deltaV2="A!=B">
    <tr deltaxml:deltaV2="A">
      <td>Cell 1</td>
      <td>Cell 2</td>
    </tr>
    <tr deltaxml:deltaV2="A">
      <td>Cell 3</td>
      <td>Cell 4</td>
    </tr>
    <tr deltaxml:deltaV2="B">
      <td rowspan="2">Cell 1</td>
      <td>Cell 2</td>
    </tr>
    <tr deltaxml:deltaV2="B">
      <td>Cell 4</td>
    </tr>
    <tr deltaxml:deltaV2="A=B">
      <td>Cell 5</td>
      <td>Cell 6</td>
    </tr>
  </tbody>
</table>

      
        Table 4Rendered result table, using bold italics to show deletion and underline to show addition
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            	Cell 1
            	Cell 2
          

          
            	Cell 4
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Figure 11.An improved table resultRendered result table, using bold italics to show deletion and underline to show addition


    This is one example of the way that tables are handled intelligently during the comparison phase. As mentioned above, the XHTML table model is simpler than the CALS table model
      leading to fewer potential issues during comparison, but there were still a number of problems that needed to be solved.

  
  
    Text formatting changes

    Changing the format of specific pieces of text, e.g. highlighting a word by making it bold or italic, is common during text editing but should this constitute a change in a redline
      document? The answer will depend on the context of the change, whether the subject domain places meaning on such formatting, and whether or not there is a requirement to see these kind
      of changes in the redline document. In the case that it should be highlighted, there may be different ways of doing so. The document reviewer may wish to see the text with its old
      formatting marked as deleted and the text with its new formatting marked as added so that a complete view of the change is present. In other situations, it may be sufficient to mark
      the text with some other kind of highlighting to show that there has been a formatting change but not include details of how the formatting has changed.

    Many content authors may not even understand that there is an XML structure underlying their document and that a format change actually constitutes a structural change. Thus, when
      they make a word bold and the resultant comparison result shows the word deleted and then added again, they see this as a mistake.

    <p deltaxml:deltaV2="A!=B" ... >The addition of
  <deltaxml:textGroup deltaxml:deltaV2="A">
    <deltaxml:text deltaxml:deltaV2="A">bold</deltaxml:text>
  </deltaxml:textGroup>
  <b deltaxml:deltaV2="B">bold</b>
  formatting.
</p>

    
Figure 12.A result file showing a formatting change
    In order to have the ability of marking formatting changes in a different way, or in fact ignoring them completely, we need to have some way of detecting the structural change
      without having to mark the underlying text as changed as well. One technique we have utilised for this is to pre-process the documents to flatten the structure of formatting elements.
      The following example shows a document with a bold word that has had its formatting flattened.

    <p xmlns:deltaxml="...">
  The addition of 
  <deltaxml:format-start>
    <deltaxml:element><b/></deltaxml:element>
  </deltaxml:format-start>
  bold
  <deltaxml:format-end/>
  formatting.
</p>

    
Figure 13.A pre-processed input with flattened formatting
    This flattened structure can handle formatting elements that are a simple tag, e.g. <b/> or <i/> and also more complex formatting such as
        <span style="font-size:14; font-weight:bold;"/>. Processing the input documents in this way then allows the text to be compared more intuitively, as it is all at the
      same level in the XML structure. Format changes are detected as changes to the <deltaxml:format-start/> and <deltaxml:format-end/> elements and the
      structured formatting can be reconstructed after comparison. There is the potential for overlapping structures in the result when formatting is flattened; to solve this problem, the
      formatting from one of the input documents, typically the latest or ‘B’ document, is given priority when reconstructing.

    ISO’s requirement was to ignore formatting changes completely and, for content that was in both input documents, to include the formatting from the latest or ‘B’ document. This
      makes reconstructing the formatting elements a lot simpler because in the case where formatting has changed it is possible to ignore all of the elements marked as being only in
      document ‘A’.

  
  
    ID and IDREF attributes

    ID attributes and their associated IDREFs are typically used for internal cross-referencing in documents. It is important that the target of a cross-reference is declared as an
      attribute having type ID in order to ensure uniqueness within the document. Unfortunately, this uniqueness constraint can cause problems in the result file, which must be overcome.
      Imagine the situation where an image, e.g. an <img/> element, is used to display a diagram and defines an ID, e.g. <img xml:id="widget"/>. An editor of
      the document decides that this should have been defined using a figure element but, to avoid having to update references to the diagram, uses the same id: <fig
        xml:id="widget"/>. This is all perfectly valid because each document maintains uniqueness of its IDs. However, the comparison result file will contain the following content
      because of the requirement to view both added and deleted content in the same document.

    ...
<img deltaxml:deltaV2="A" xml:id="widget" />
<fig deltaxml:deltaV2="B" xml:id="widget" />
...

    
Figure 14.
    The document now contains two elements with the same ID value, which makes it invalid. This situation can be resolved by renaming the IDs on any deleted, or ‘A’ document elements
      and also updating any references to that element (these will be elements in the ‘A’ document only, that contain an IDREF whose value is the ID in question). The following figure shows
      an example of a fixed result file.

    <document deltaxml:deltaV2="A!=B" ... >
  <img deltaxml:deltaV2="A" xml:id="widget_deleted_1" />
  <fig deltaxml:deltaV2="B" xml:id="widget" />
  <p deltaxml:deltaV2="A">This reference to the img will be deleted <xref linkend="widget_deleted_1" /></p>
  <p deltaxml:deltaV2="A=B">This reference will be kept in the new document <xref linkend="widget" /></p>
</document>

    
Figure 15.An example fixed result file
    This document is now valid in respect of its ID uniqueness. The deleted first paragraph contains a reference to the old diagram as that is what it was referencing. The remaining
      second paragraph now points to the new version of the diagram. The naming scheme for updating deleted ID attributes can ensure uniqueness by using a number suffix that does not exist
      in the document. This can be checked against all existing IDs in the document.

    Another potential use of ID values is to use them during comparison to align elements of the same type with matching IDs. This can improve comparison results, particularly for
      documents that include repeated sentences and phrases as can be typical in legal documents for example. For this technique to work, an element must maintain its ID value across
      different versions of the document so that its identity is consistent. Many XML documents are auto-generated from some other format and part of this process will involve the generation
      of ID values. If these are randomly generated, they will not be suitable for this use as equivalent elements in different versions of a document will not have the same ID. Even if they
      are not random and use a naming scheme, e.g. fig1, fig2, fig3 etc., removal of an element in this sequence could have a ripple effect on the ID values for all subsequent elements,
      again making them unsuitable for use during comparison. This was the case for the ISO documents and the ripple effect of ID values changing caused a large amount of change to ID
      attributes that had to be handled using the technique above.

  
  
    Processing Instructions

    Processing instructions are used to supply a consuming application with information. One thing they are increasingly used for is to insert data and/or content into a document
      format that does not allow for that content in its model. This is a way of providing a customized extension to a document format but is often used as a quick fix when a more
      appropriate solution would be to add the required functionality to the language specification. An example of this is the use of a processing instruction to specify the size at which a
      table should be rendered on a page. In the ISOSTS documents we tested, we saw the use of processing instructions to specify an external image location that could have been included as an attribute, e.g. <img><?img-id D09291AZ.PNG?></img> instead of <img href="D09291Az.PNG"/>.

    One of the problems this causes is that if you compare documents containing such processing instructions and you want the result file to include the processing instructions, there
      is no sensible way of representing change to them as they are not XML elements. It is possible to preserve processing instructions, and even detect change in them by first converting
      them into an XML structure, comparing documents, and then converting the XML structure back into processing instructions. A potential solution to representing change is to duplicate
      the containing element whenever a change is detected in a processing instruction. For example, and <img/> containing a processing instruction as above with a change to
      the external location of that image could be represented as an image deletion and addition e.g. 
...
  <img deltaxml:deltaV2="A"><?img-id old-image.png?></img>
  <img deltaxml:deltaV2="B"><?img-id new-image.png?></img>
...

      
Figure 16.
    This solution is not as good as being able to represent change to an href attribute as it is not as easily processed but it provides a reasonable result. This can,
      however, be problematic if the element containing the processing instruction is very large, e.g. a table containing a processing instruction that gives information on how it should be
      rendered. Including two versions of the whole table in order to represent the processing instruction change does not give a sensible result.

  
  
    Word Capitalization

    Word capitalization, like formatting change, is often viewed as an insignificant change that should not be highlighted in a redline document. This was indeed the case with ISO’s
      requirements. Like formatting, the result document needed to include the version of the text that was in the latest, or ‘B’ document.

    A potential solution to this problem is to pre-process the input documents to ensure that all text uses only lower case. For documents whose text is mainly prose, this is not
      appropriate as upper case letters are an important feature of the text and should be preserved during comparison. Because pre-processing the inputs in this way does not make sense for
      the ISOSTS documents, the solution was to post-process the result file to detect those text changes where the only difference between the two versions was letter case. The following
      figure gives an example of the kind of change that can be detected.

    <p deltaxml:deltaV2="A!=B" ... >
  Word capitalization is often seen as an
  <deltaxml:textGroup deltaxml:deltaV2="A!=B">
    <deltaxml:text deltaxml:deltaV2="A">insignificant</deltaxml:text>
    <deltaxml:text deltaxml:deltaV2="B">Insignificant</deltaxml:text>
  </deltaxml:textGroup>
  change.
</p>

    
Figure 17.An example of a text change involving capitalization
    A text-based comparison of the ‘A’ and ‘B’ branches of the <deltaxml:textGroup/> element after converting both strings to all lower-case, shows that there is no
      change. In this situation, we can remove the marked changes and include only the text from the ‘B’ document.

    This technique works well for the cases where a text change is purely a capitalization change. More complex changes that involve capitalization in conjunction with addition and/or
      deletion of surrounding words will still include the capitalization change in the final output. As the capitalization is part of a larger change which will need to be reviewed anyway,
      this is not likely to be a significant inconvenience.

  
  
    HTML change visualization

    As well as the ISOSTS specification, ISO provide XSLT stylesheets that convert an ISOSTS document into standalone XHTML.  These stylesheets provide a useful and simple way of
      producing a published version of standards documents for previewing during authoring. They can also be used to publish an online version of a standard.

    As well as providing the intermediate change representation for input into Typefi Publish, we were able to extend the XSLT stylesheets to provide some redline functionality in the
      XHTML output.  In the simplest cases, this involved first categorizing the elements in ISOSTS as either block-level or inline elements and then extending the output templates to wrap
      block-level elements in a <div/> and inline elements in a <span/> with these wrappers defining a class attribute containing the value of
      the intermediate result’s deltaV2 attribute where it was ‘A’ or ‘B’. These classes were then styled using CSS to highlight deletions with a red background and additions
      with a green background.

    Other cases were more complicated and involved the overriding of whole processing templates in the original XSLT but the final result was a useful rendering of redlining in
      XHTML.

  
  
    Results

    The following figures show an excerpt from each of the different types of redline result that were produced. The PDF result was produced using the intermediate result delta,
      published through Typefi Publish and the HTML result was produced by transforming the intermediate delta file using our XSLT extension to the ISO stylesheets. Unfortunately, images
      were not available for the HTML output at the time of writing.

    [image: A PDF rendering of the redline result]
        
      
Figure 18.A PDF rendering of the redline result
    [image: An HTML rendering of the redline result]
        
      
Figure 19.An HTML rendering of the redline result
  
  
    Summary

    Document comparison is a key part of any workflow involving changing documents and, with more and more documents being stored as XML, it is important to provide tools that
      understand the XML structure and the implications that it has on comparison results. As we have demonstrated, there are many subtle areas to consider when looking at XML comparison and
      change representation and many of the problems we have encountered could have been made simpler by designing the document formats with comparison and change representation in mind.
      This case study shows that the problems arising during comparison of structured content are not insurmountable and those considering moving to an XML representation for their document
      storage should not be reluctant to do so based on any of issues seen here.

    Structured content offers huge benefits, not least of which is the processability of content to multiple published formats. This case study has shown that the production of an
      intermediate document containing change representation can be used to produce redline documents in both PDF and XHTML. This intermediate file can quite easily be further processed to
      select the types of change which should be highlighted and those which should be ignored. 

    Coupling this technology with Typefi Publish, which provides the flexibility of multiple output formats and professional layout and design capabilities provided ISO with a
      comprehensive solution to their requirements for published redline documents.
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        Introduction

        Forms offer a structured interface to users for entering or editing information which
            is eventually submitted to some system for further processing. Forms play a crucial role
            on the Web. Early form technology enables interactivity on the Web beyond hyperlinking:
            With forms in a Web browser, users can activate services on the Web, after setting
            service parameters, and they will receive service results in the browser in a
            request-response cycle. Another use case is data entry, with forms in a Web browser
            acting as masks for database input. Recently, Sperberg-McQueen in personal discussion
            and workshop announcements has framed forms on the Web as padded-cell editors that
            allow for specialized editing of XML documents and data in a Web browser in a safe and
            easy-to-learn manner.

        How has forms technology for the Web evolved over time? There are two lines of
            development:

        The HTML strain has focused on the user interface. The forms module of HTML defines a
            set of widget or control elements; an HTML form contains a number of widgets and a
            target URL to which form data are to be submitted. HTML browsers display form widgets,
            support data entry and encode form data, transferring them to the form's target URL when
            submission of a form is activated.

        The most recent version of HTML, namely HTML5, has expanded the set of widgets and has
            added type definitions to form elements, enabling native in-form data validation.

        The XForms strain has brought data into focus. XForms separates the data of a form
            from its user interface; form data in XForms are XML documents that can be loaded into a
            form, edited via widgets and submitted to external services. An XForms processor
            supports the binding between a form's widgets and data, handles form events and executes
            form actions including load and submit of data.

        XForms needs to be embedded into a host language, which most commonly is HTML.
            Nevertheless, in contrast to HTML forms, which are part of the W3C HTML Recommendation,
            Web browsers are not obliged to support XForms natively. Attempts to make XForms a true
            part of HTML in XHTML 2 have been abandoned by the W3C together with XHTML 2
            in favor of HTML5. In fact, none of the current mainstream browsers support XForms
            natively. Browser plug-ins come closest to native XForms support. There used to be a
            Firefox plug-in Mozilla XForms that has no developer's support any more and is no longer
            compatible with current versions of Firefox. FormsPlayer, a plug-in XForms processor for
            Internet Explorer, is also no longer supported. Current XForms implementations
            (XSLTForms, BetterForms, Orbeon Forms) translate an XForms form into an HTML form and
            JavaScript code. There are purely client-side, purely server-side and distributed
            architectures for both the translator and the form execution code.

        Tobias Niedl, the first author of this paper, has explored under supervision of the
            second author, as part of his Master Thesis at TU München, JavaScript and the new
            APIs that an HTML5-enabled Web browser provides as an implementation platform for an
            XForms processor. It turns out that the new facilities of HTML5-enabled browsers can be
            used to support XForms more natively. In a similar way as the plug-in solutions the code
            which executes the form is programmed directly, not generated. This removes a level of
            indirection in the interest of clarity and maintenance. But in contrast to plug-in
            solutions, it is platform independent, relying only on the APIs and the JavaScript that
            an HTML5-conformant browser supplies. For its reach, it capitalizes on the market power
            of the major browser vendors in the WHATWG[1], who stand behind HTML5.

        Tobias Niedl has designed and implemented an XForms processor on the platform of an
            HTML5-enabled Web browser. A JavaScript program called xf.js sets up some data
            structures when an HTML page with an embedded XForms form is loaded and acts as an
            XForms processor during the lifetime of the document in the browser, making use of APIs
            that an HTML5-enabled Web browser must support.

        The remainder of this paper is organized as follows: First, we derive the requirements
            for an XForms processor from the core features of XForms in Requirements for an XForms processor. Since our target implementation platforms are Web
            browsers, we relate XForms features and XForms processor requirements to HTML
            forms.

        In XForms building blocks on a Web browser we discuss which building blocks an
            HTML5-enabled Web browser does or does not provide, in view of our requirements.

        Finally, we discuss in The XForms processor xf.js core principles, architecture and
            limitations of our implementation, illustrated with examples and screenshots.

    
    
        Requirements for an XForms processor


        Form systems share core functionality: A form offers a structured interface to users
            for entering or editing information which may then be further processed outside the
            form. In the realm of the Web, HTML has enabled data capture and interactivity beyond
            hyperlinking via forms since version 2. As its name implies, XForms leverages XML
            and related technologies. XForms extends HTML forms in providing essential innovations
            (cf. XFormsEssentials):

        
            	
                Data model: An XForms form holds its data in
                    an explicitly defined, XML encoded data container, which is called the form's
                    data model. A key point of XForms is that a form's data model is independent of
                    its user interface.

            

            	
                Data types: Textual values in the data model
                    can be declared to be of specific data types; XML Schema's predefined or
                    user-defined data types (simple types) may be used.

            

            	
                Events: XForms builds on the W3C
                    Recommendation XML Events. Form events, their targets and associated actions are
                    declaratively represented by XML elements and attributes.

            

            	
                Widgets: XForms defines a rich set of widgets
                    that has only recently been matched by the newest version of HTML, namely
                    HTML5.

            

            	
                Repetitions: XForms has a number of container
                    form controls, for repetitions, groupings and switching. XForms is the only
                    forms technology on the Web that natively supports repeating groups of widgets
                    under action control.

            

        

        These innovations, whose value is discussed elsewhere
            w3.xformsXFormsEssentialsFormsNG
            imply requirements for any XForms processor. We discuss these
            implications in detail below, contrasting them with the lesser requirements of HTML
            forms.


        
            Data model

            Form systems deal with data that initialize a form, are edited using the form and
                are eventually submitted to external systems for further processing. 

            XForms distinguishes between a data model, which carries the form's information,
                and the user interface, which makes the data model accessible to an XForms user. On
                submission, the data model (or a part of it) is transferred to an external service.
                The data model itself is encoded in XML. It can be seen as a structure of nodes
                carrying data (text nodes and attribute nodes in the XDM data model for XML).

            XForms facilitates editing of data in the model in two alternative ways: The
                obvious first possibility is to use widget elements that are connected to nodes in
                the data model. Changing a widget's value in the user interface changes the value of
                the corresponding node in the model. The XForms processor propagates value changes
                to all widgets that might be connected to the same node, in Model-View-Controller
                fashion. The second and less obvious possibility to change the data model is by
                action elements which act as event handlers for form events. An action element is
                connected to a node (or a set of nodes) in the data model in the same way as a
                widget element. In both cases the connection to a node in the model, called a
                reference, is expressed by an XPath expression.

            In contrast, HTML forms do not have explicit, separate data models. The model of
                an HTML form is implicitly defined by the widget elements in the form. It is a flat
                set of name-value pairs, implicitly ordered by the sequence of the widgets in the
                form. The model is generated on the fly when the form is submitted.

            Hence, HTML forms do not separate data and input facilities the way XForms does.
                In addition, further processing of form data that originate from an HTML form
                usually necessitates data translation, whereas XForms data can be directly processed
                using XML technologies as in the zero-translation XRX[2] architecture.

            It is immediately apparent that an XForms processor needs to support building,
                changing and serializing of XML structures and dynamic evaluation of XPath
                expressions.

        

        
            Data types and data model validation

            Form systems that support data types can offer type-specific data entry support
                such as date pickers and data validation without custom scripting. XForms offers a
                small number of proprietary data types and supports the built-in simple types of XML
                Schema. On top of that, the data model of a form can be constrained by an external
                schema with XML Schema custom data types (simple types) and also complex types. This
                ensures that not only updates to data values but also changes in the structure of
                the data model via actions are schema conformant.

            Earlier versions of HTML forms did not provide type support. All data values were
                considered as text, for which custom validation rules could be scripted. HTML5 knows
                a small number of pre-defined data types, which can be customized declaratively by a
                few parameters and regular expressions, similar to restricting XML Schema simple
                types with facets. HTML5 data types are validated in conformant browsers. This is
                the big advantage of HTML5 over earlier versions of HTML with respect to
                forms.

            A fully conformant XForms processor must be able to do XML Schema validation
                dynamically, also selectively for parts of the document.

        

        
            Events

            Form systems handle events or signals that are activated in a form internally or
                under user control. For example, events can cause parts of a form to expand or
                collapse or value changes to be propagated to formulas that need to be re-evaluated,
                spreadsheet-like.

            As to events, both HTML forms and XForms are based on the DOM Events W3C Recommendation[3]. DOM Events defines the structure of and processing rules for browser
                events. XForms goes beyond HTML forms in that it utilizes an XML encoding layer for
                DOM events, according to the W3C Recommendation XML Events[4].

            A form reacts to an event by executing an action. In HTML forms, actions are
                custom-programmed pieces of script, often JavaScript; actions are associated with
                events by HTML-specific attributes (such as onclick) or by registration
                mechanisms that are specific to the scripting language in use. In contrast, XForms
                has predefined actions (such as message, setvalue or
                    delete). XForms also specifies events beyond DOM Events. Most
                importantly, it uses the standardized XML encoding of XML Events to associate events
                with actions. XML Events defines how to encode event-related information in XML.
                With XML Events and XForms' predefined actions, the processing of specific events
                can be defined declaratively, reducing the need for scripting.

            Consequently, an XForms processor needs to implement the predefined XForms actions
                and specific XForms events, and it must be able to interprete XML Event definitions,
                in addition to supporting DOM events and their processing model.

        

        
            Widgets

            The most prominent feature of a form system is the set of widgets that is
                available for data entry. In this respect, XForms and HTML5 are basically
                equivalent, while earlier versions of HTML are slightly weaker [w3.pemberton].

        
        
            Repetitions

            Forms need to display repeated data that can be manipulated with actions, such as
                repeating rows in a database table view. XForms provides the user-interface element
                    repeat, which contains a template of inner widgets that will be
                instantiated for each portion of the block of data in the form's data that the
                    repeat is connected with. Early versions of HTML do not support
                repetitions natively. Interestingly enough, repetition functionality has been a part
                of Webforms 2[5], a tributary to HTML5 that has been inspired by XForms, but has not made
                it into HTML5. Hence, no version of HTML forms supports repetitions, but XForms
                processors must support the repeat element.


            To summarize, an XForms processor needs to satisfy the following requirements
                beyond those of a simple HTML forms processor:

            
                	
                    Handling of XML data, including load and transmit.

                

                	
                    Dynamic evaluation of XPath expressions.

                

                	
                    Dynamic evaluation of (parts of) XML data against XML Schema.

                

                	
                    Support for XForms widgets.

                

                	
                    Support for the repeat element.

                

                	
                    Implementation of XForms actions.

                

                	
                    Support for XForms events.

                

                	
                    Interpretation of XML Event definitions.

                

            

        

    

    
        XForms building blocks on a Web browser

        The implementation platform for our XForms processor xf.js is the HTML5-enabled
            browser. Referring back to the requirements for an XForms processor, we discuss in this
            section, which building blocks of an XForms processor an HTML5-enabled browser provides
            and what needs to be built in xf.js from scratch.


        
            XML

            Today's Web browsers can parse XML files and translate them into data structures
                of a higher level of abstraction. Web browsers make these data structures available
                to programming languages via the standardized Document Object Model (DOM) interface.
                Furthermore, new DOM objects can be created in a Web browser under JavaScript
                control. JavaScript programs that run in the browser can read, modify and extend XML
                data in the browser via DOM. HTML5-enabled browsers support an advanced version of
                DOM that is specified by WHATWG and also addresses parsing and serialization of XML
                documents to and from DOM[6]. The XMLHttpRequest specification[7] enables modern Web browsers to transfer DOM objects or XML-encoded
                strings.

        

        
            XPath

            With Document Object Model (DOM) Level 3 XPath Specification[8], W3C defines an interface to query a DOM object with an XPath 1.0
                expression. The interface provides, among others, the following two methods:

            
                	
                    The method evaluate() evaluates an XPath expression against a
                        DOM node.

                

                	
                    The method createNSResolver() generates a namespace resolver
                        object for all namespace definitions that are in scope at a specific DOM
                        node.

                

            

            Modern Web browsers support this specification and its JavaScript binding.

        

        
            XML Events and XML Schema

            Current Web browsers support neither XML Events nor XML Schema.

        

        
            Documents and XML submission

            In a Web browser new DOM document objects can be created on the fly using
                JavaScript. As XForms requires to handle each data model as an independent document,
                browsers meet the requirements of XForms here. 

            A data model (or rather the document representing it) can be submitted as a XML
                string according to the XForms specification. Most Web browsers implement the XMLHttpRequest[9] interface which provides (a)synchronous communication to a Web server
                out of a JavaScript program. The data to be sent can be a String, a Document object
                or another type according to XMLHttpRequest specification. As each data model is
                handled as an independent DOM Document, and the XMLHttpRequest specification enables
                a browser to transfer such a Document without conversion, the combination of
                Document and XMLHttpRequest fits well for the mentioned XForms requirements.

        
        
            Widgets

            Widgets in XForms and HTML5 have the same functional range but different names.
                Thus, an XForms processor can utilize HTML5 widgets after mapping, as shown in the
                following table. It can also utilize the data entry support and validation
                facilities of an HTML5-enabled browser, compensating at least partially for lacking
                XML Schema support.

            
                Table 1
                    
                        	XForms
                        	HTML5
                        	Details
                    

                
                
                    
                        	input
                        	input
                        	At default the XForms input widget enables free-form data
                                entry (cf. w3.xforms). The same is
                            provided in HTML5 when the type attribute is not set or set to text.
                    

                    
                        	output
                        	output
                        	-
                    

                    
                        	label
                        	label
                        	-
                    

                    
                        	trigger
                        	input, button
                        	In HTML5: The type attribute on the input element has to be
                            set to button.
                    

                    
                        	submit
                        	input
                        	In HTML5: The type attribute has to be set to submit.
                    

                    
                        	secret
                        	input
                        	In HTML5: The type attribute has to be set to password.
                    

                    
                        	textarea
                        	textarea
                        	-
                    

                    
                        	upload
                        	input
                        	In HTML5: The type attribute has to be set to file. But see restrictions in xf.js below.
                    

                    
                        	range
                        	input
                        	This is the only widget that needs HTML5 beyond earlier HTML versions.
                            In HTML5: The type attribute has to be set to range. The values of additional attributes can be mapped
                            as follows: 
                                	
                                    start (HTML5) to
                                            min (XForms)

                                

                                	
                                    end (HTML5) to max (XForms)

                                

                                	
                                    step (HTML5) to step (XForms)

                                

                            

                        
                    

                    
                        	select1 (full)
                        	input
                        	In HTML5: The type attribute has to be set to radio. In XForms there is one select1
                            containing a list of options. In HTML5 there must be one
                                input element per option.
                    

                    
                        	select1 (compact)
                        	option
                        	In HTML5: The size attribute has to be set to a value greater than "1".
                            A browser will display it as a listbox.
                    

                    
                        	select1 (minimal)
                        	option
                        	In HTML5: The size attribute has to be set to "1". A browser will
                            display it as a drop down selection box.
                    

                    
                        	select (full)
                        	input
                        	In HTML5: The type attribute has to be set to checkbox. In XForms there is one select
                            containing a list of options. In HTML5 there must be one
                                input element per option.
                    

                    
                        	select (compact)
                        	option
                        	In HTML5: The size attribute has to be set to a value greater than "1".
                            Additional the multiple attribute has to be set. 
                    

                    
                        	select (minimal)
                        	option
                        	In HTML5: The size attribute has to be set "1". Additional the multiple
                            attribute has to be set.
                    

                
            



        
        
            Repetitions

            HTML5-enabled browsers have no native support for repetitions in forms.


            In conclusion, on the positive side, HTML5-enabled Web browsers have a good
                support for XML via the DOM interface. An XML document is made accessible through a
                DOM interface and nodes in the DOM can be accessed using XPath expressions. New DOM
                document objects can be created and edited. Browsers also provide widget elements
                which cover the functionality required by XForms.

            On the negative side, even HTML5-enabled Web browsers do not support XML Events
                nor XML Schema nor repetitions in the user interface. An XForms processor running on
                the HTML5-enabled bowser platform either has to implement its own support for these
                technologies or has to neglect them, giving up some required functionality.

        
    


    
        The XForms processor xf.js

        This section describes the implementation of the prototypical pure JavaScript XForms
            processor called xf.js. The goal of the implementation was not to provide full support
            for XForms but to evaluate the capabilities of Web browsers with HTML5 as platform for a
            XForms processor.


        
            Principles

            As the goal was to discover browser capabilities, an easy to handle architecture
                was chosen. The xf.js processor implements a class for every supported XForms
                element (except the label element). These classes provide methods and
                class members for the specified attributes of the corresponding XForms element. When
                an object is instantiated, these members are initialized with the default values
                according to the XForms specification.

            As Web browsers do not know the semantics of XForms widget elements, the DOM nodes
                of these elements are replaced by their HTML5 counterparts as shown in Table 1.

            The initialization of all objects, their relationships and the replacement of the
                widgets is done in a general parsing function, which is called after the browser has
                finished loading the document. 

        

        
            Architecture


            The following section introduces the architecture of the xf.js processor by
                introducing the class model.

            The following image shows the underlaying class model of the xf.js processor. For
                simplicity the classes in the image do not contain method identifiers.
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                The functionality of the more important classes is described in the following
                    sections.

            
Figure 1.The class model of the xf.js processor


            
                xfModel class

                The core of the processor is the xfModel object which belongs to a
                        model element in the document. The object has connections to
                    all objects of elements which are related to the model node in the
                    document. This relations can be expressed in different ways. Child elements of
                    the model element are related in a direct way (e.g.
                        instance or bind). Widget and action elements can
                    point to a model element by usage of the model attribute which contains the ID of a corresponding
                        model element. Finally Widget and action elements can be
                    implicit related to the first model element defined in the
                    document, if they have no model attribute defined. 

                The xfModel class holds a reference to the DOM node of the corresponding
                        model element and to the HTML5 form element which
                    is generated during the parsing process. 

                The class also provides methods for operations on the model. The most
                    important method is evaluate(), a central interface to evaluate XPath
                    expressions concerning the data models hold by dedicated instance
                    elements. XForms augments the XPath specification with its own functions. These
                    XForms specific functions are of course not provided by the Web browser's XPath
                    interface. Thus the xf.js processor has to handle them by itself and can not
                    pass it through. Therefore a central evaluation method provides a good place to
                    implement these additional XForms functions. The processor supports the
                    additional functions instance() and index(). The evaluation method is also a
                    well fitting place for another XPath related feature which is still not
                    implemented: the implicit data model. If a node in the data model is referenced,
                    which does not exist, it is created by the XForms processor according to the
                    specification. The XPath interface of Web browsers does not provide such
                    functionality. But the evaluate method of xfModel could easily provide this
                    feature. If a XPath evaluation does not return any value, the next step should
                    be to check on every part of that expression if a corresponding node exists. If
                    this is not the case, the corresponding node could be generated by using the DOM
                    interface.

                For each xfModel object an HTML5 form element is created in the
                    document. This form is an anchor to all HTML5 widgets which are created to
                    replace the XForms widget elements. Each xfModel object holds a reference to its
                        form element.

            
            
                xfInstance class

                The xfInstance class is used to handle instance elements which
                    carry the data model of a form. In the processor one xfInstance object is
                    generated for every instance element. At the current state of the
                    implementation each xfInstance object holds a reference to the DOM node of the
                        instance element to perform read and write operations on the
                    data model. The XForms specification requests to handle all data models as
                    independent documents. Thus operations should not take place in the main
                    document itself. This feature would also be possible in a Web browser based
                    XForms implementation, as browsers implement the createDocument() interface as
                    defined in DOM Level 3 specification[10]. Thus a new XML document could be created and filled with the nodes
                    defined inside the instance node. The xfInstance class provides also methods to
                    serialize the data model. For the submission of the data model as XML, the
                    implementation utilizes the XMLSerializer[11] to generate a XML string. For submission as name-value pairs the
                    getDataAsHashMap() method flattens the model data down as specified by XForms
                    before submission.

            
            
                xfSubmission and xfWidgetSubmit

                A xfSubmission object is responsible for the transmission of a data model.
                    Each xfSubmission object is bidirectional attached to one xfModel object and
                    thus has indirect access to the xfInstance objects holding the data to send. The
                    main method is doSubmit() which performs the submission according to the
                    parameters set. A data model can be submitted as XML document, or as name-value
                    pairs according to HTML forms. The submission can be done using the methods
                        POST, GET,
                        PUT, DELETE or URLENCODED-POST as
                    defined by XForms. To control which part of a data model should be submitted and
                    which one should be replaced the processor implements the attributes ref, replace and
                        targetref.

                To start a submission a xfWidgetSubmit object is needed which is connected to
                    a xfSubmission object. The object is created for a XForms submit
                    element and represented to the user as HTML5 button. When the user clicks the
                    button, the event of that click is handled at the xfWidgetSubmit object which
                    calls the doSubmit() method of the connected xfSubmission object.

            
            
                xfBind

                The xfBind class represents the XForms bind element. As XML
                    Schema is not supported by browsers (and not implemented in the processor
                    neither) xfBind allows type checking based on the HTML5 form check interface.
                    The type attribute can be set to one of the
                    following values as defined in HTML5: text,
                        number, url, email, tel, date, time, datetime,
                        datetime-local, month, week or color.

                If a XForms input widget refers to a bind element with one of
                    these type values, the type attribute of the
                    generated HTML5 widget replacing the XForms widget will be set to this value
                    leading to a deeper integration of XForms into HTML5. Before a data model is
                    submitted, a check of the user input is done according to the type settings by
                    usage of the checkValidity[12] interface which was introduced in HTML5 on the form
                    element.

            
            
                Widgets

                For every XForms widget element an appropriate xfWidget object is created,
                    e.g. a xfWidgetTrigger object for a trigger element. As the browser
                    does not know the semantics of the XForms widget elements they are replaced by
                    their HTML5 counterparts according to Table 1. Every
                    xfWidget object holds a reference to the corresponding HTML5 widget.

                To ensure a widget shows the actual value of the referenced node in the data
                    model, the processor uses the Mutation observer[13] interface. The Mutation observer is going to be introduced in DOM 4
                    to replace the DOM Mutation Events. Every xfWidget object owns a mutation
                    observer and a callback function which is executed by the observer. The observer
                    is set to the referenced node in the data model and the callback function
                    updates the widgets state to the current value of the node in the data
                    model.

                For simplicity the XForms label element is not handled as a own class. As a
                    label element belongs to another widget element, the label's value is stored as
                    attribute in the corresponding xfWidget object. Depending on the widget element
                    the label's value is displayed as HTML5 label element, or on the
                    widget element itself, e.g. as caption of a button.

            
            
                xfRepeat and xfRepeatGroup

                XForms provides the repeat element to display all child elements
                    inside it multiple times. This functionality is given in the processor with the
                    xfRepeat and xfRepeatGroup classes. The xfRepeat class represents the repeat
                    element itself. 

                The repeat element refers to a nodeset in a data model. For every
                    node in this set the elements inside the repeat element will be
                    repeated. The xfRepeatGroup object is used to represent such a repeat. It
                    contains a copy of all elements which are defined inside the repeat
                    element of the superior xfRepeat object. Every xfRepeatGroup object also refers
                    to one node of the repeat element's nodeset. 

                The processor supports the add and remove operations of such groups. When a new node is
                    added to the nodeset, a new group is created and displayed. When a node is
                    removed from the nodeset, the corresponding group is deleted and removed from
                    the user interface.

            
            
                Actions and events

                The processor supports the action elements insert,
                        setvalue, delete and message and the
                    superior element action to group the others. Each element is
                    represented by a xfAction class, e.g. xfActionMessage. Each object owns a class
                    member event which contains the name of the
                    event on which the object should react. In addition each object has a method
                    perform() which implements the desired actions.

                As Action elements belong to another XForms element, each xf class is able to
                    hold references to one or more action objects. Each xf class also implements a
                    method handleEvent(), a generic event handler for the underlying XForms element.
                    When an event reaches the XForms element, the event handler is called which
                    compares the event's name with the event name of each registered xfAction
                    object. If the names match, the perform() method of the corresponding xfAction
                    object is called. 

            
        

        
            Evaluation


            As we have demonstrated, most of the XForms concepts can be implemented in a
                browser native XForms processor. But some concepts can not be covered. The
                restrictions can be divided into the following classes:

            
                	
                    Missing technology in an HTML5-enabled Web browser.

                

                	
                    Limitations of the platform (browsers and HTML5).

                

            

            
                Missing technology

                First of all, XML Schema support is missing completely as Web browsers today
                    do not implement it. A solution for a browser based XForms processor would be to
                    use a JavaScript based XML Schema implementation, as provided by
                        xml.js[14].

                The same holds for the support of XML Events. Mozilla seems to have had a XML
                    Events implementation but it was rejected from core in 2012[15]. Therefore a XForms processor also has to implement the XML Events
                    specification itself. The xf.js processor partially implements XML Events
                    itself.

            
            
                Limitations of the platform

                To evaluate an XPath expression, a namespace resolver is needed which provides
                    a mapping from namespace prefixes to their corresponding name. A namespace
                    resolver can be build manually or by using the createNSResolver() method. It
                    takes a DOM node n and builds a resolver which
                    knows the namespaces and prefixes of all nodes from the document's root to the
                    given node n. It is not possible to
                    automatically generate a namespace resolver which knows the namespaces of the
                    whole document (and not just a part of it). For the processor implementation
                    this rises the question which node should be taken? It should be a node, at a
                    very deep position in the document tree (to get as much namespace definitions as
                    possible) and on a branch which will be evaluated by the XPath expression in the
                    next step. But such a node can not be chosen without evaluating the XPath
                    expression first. Therefore only the node of the instance element itself (or its
                    first and only child node) can be taken as input for the createNSResolver
                    function. This leads to the problem, that namespaces which are defined inside
                    the data model can not be used and evaluating a XPath expression which contains
                    such namespace prefixes will fail. 

                Another limitation is given at the document submission. XForms specifies both:
                    synchronous and asynchronous submissions, whereas a synchronous submission means
                    that the document holding the XForms is replaced by the server response. To
                    provide the submission of XML data, the processor has to use the XMLHttpRequest
                    interface. The interface is well suited for asynchronous data transfer (meaning
                    that the document remains in the browser after a submit). But it does not
                    provide functionality to replace the whole document with a server
                    response.

                As the xf.js processor is implemented in JavaScript all restrictions of the
                    JavaScript interpreter in a Web browser also apply for the xf.js processor
                    itself. 

                First, Web browsers do not permit access to the local file system to
                    JavaScript programs. Thus saving a data model on the computer or opening an
                    existing one cannot be implemented without using additional technologies, like
                    Adobe Flash or another browser plug-in which is able to access the local file
                    system. HTML5 defines the Web storage[16] interface which allows the storage of data on the local system in a
                    key-value pair manner. But Web storage meets the requirements of XForms only
                    partially as XForms allows the specification of a URL pointing into the local
                    file system for storing the data model. Browsers providing the Web storage
                    interface act as a simple database, but do not allow the user to choose the
                    destination of the stored information.

                Second, Web browsers prevent scripts from accessing other sites (with
                    different host name, port, etc.). Thus the submission of data to an URL
                    different from the one the current loaded document is not possible for security
                    reasons.

                The JavaScript restrictions also prevent a working upload widget element. In
                    XForms the content of a file, which was selected using the upload widget, can be
                    embedded into the data model as binary content. The HTML5 counterpart widget has
                    no interface to fetch the file content via JavaScript. As the access to local
                    files is not possible in general, a pure JavaScript based XForms processor lacks
                    this feature. 

            

        
    

    
        Summary

        The xf.js processor uses a straight forward architecture. Each XForms element is
            represented by a corresponding object. After loading the document, a parser instantiates
            the needed objects and connects them in the desired way. In a second step each widget
            element is replaced by its HTML5 counterpart. 

        The xf.js processor supports multiple model elements in a document and
            multiple instances inside a model element. Nodes in the data model can
            either be referenced directly with a XPath expression by using the appropriate attribute
                (ref or nodeset)
            or by using bind elements in the data model. A data model can be submitted
            as XML or as name-value pairs according to form submission in HTML. 

        For this purposes the xf.js processor supports the following elements:
                model, instance, bind and
                submission. For the user interface, the elements label,
                input, output, trigger, submit
            and repeat are supported. To show the capabilities of Web browsers towards
            events, the xf.js processor implements the Action elements insert,
                setvalue, delete, message and the element
                action itself to group multiple other Action elements. These elements
            can react on events generated by the Web browser (implementation currently supports
                DOMActivate) and on XForms specific events
                (xforms-ready is implemented), which are generated
            by the processor itself.

        To validate user inputs the xf.js processor uses some of the types defined by HTML5,
            e.g. number, text,
                datetime, etc. These types can be used with a
                bind element, like XML Schema types in other processors.

    
    
        Outlook

        As already mentioned, the xf.js processor has an easy to implement architecture where
            each supported XForms element is represented as a class. Such a class is instantiated
            for every XForms element used in a document. The members of the objects are filled with
            the values given in the element attributes. This architecture has the draw back of
            creating a shadow model of all information which are already present in the loaded
            document and accessible via the DOM.

        Therefore a new version of the processor is going to be implemented with a different
            architecture. Instead of creating an object for every XForms node in the DOM the
            existing DOM nodes should be used directly. This includes the enhancement of the DOM
            nodes with a set of JavaScript functions which provide the needed functionality for
            every node. E.g. the DOM node of a XForms message element node gets a
            function perform() associated which displays the defined message to the user when
            called.

        An important functionality is the support of XML Schema which is not given at the
            moment. It has to be checked if JavaScript implementations for XML Schema can be used
            for the xf.js processor. 

        We plan to make the source code of the new version public as soon as it has reached
            some kind of maturity.

    

    
        Examples and screenshots

        Finally we want to show the results of the implementation with a set of examples and
            screenshots. The XForms source is given on each example.

        
            Widget replacement

            The first example shows how the document is modified when the XForms widget
                elements are replaced by HTML5 widgets.

            This XForms code:
                
<body>
  <xf:input ref="data"> 
    <xf:label>Input: </xf:label>
  </xf:input> <br />
  <xf:output value="data">
    <xf:label>Result: </xf:label> 
  </xf:output> 
</body>

                Will result in the following XHTML5 code:
                
<body>
  <label>Input: </label>
  <input type="text" name="FNinput_Input" value="Back to the Future" form="FN_model1" />
  <br />	
  <label>Output: </label>
  <output name="output" form="FN_model1">Back to the Future</output>
  <form id="FN_model1"></form>
</body>

            It will be displayed as follows: 
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Figure 2.The user interface in the browser

        
        
            Changes in the data model

            The data model can be changed using widget elements as in the previous example or
                using action elements. The following shows the XForms code to set a value in the
                data model after the user has clicked on a button:
                
<head>
 ...         
<xf:model id="model2">
  <xf:instance>
    <timeTravellers xmlns="">
      <name>Marty McFly</name>
      <name>Dr. Emmet Brown</name>
      <name>Jennifer Parker</name>
    </timeTravellers>
  </xf:instance>

  <xf:instance id="inst2">
    <timeMachine xmlns="">
      <name></name>
    </timeMachine>
  </xf:instance>     
</xf:model>
</head>

<body>
  <xf:trigger>
    <xf:label>Click me</xf:label>
    <xf:setvalue ev:event="DOMActivate" ref="instance('inst2')/name" model="model2">DeLorean DMC-12</xf:setvalue>
  </xf:trigger>
  <br />
  <xf:output ref="instance('inst2')/name" model="model2">
    <xf:label>Time machine: </xf:label>
  </xf:output>
</body>
This
                code will lead to the following behaviour in the browser:


            [image: Updating the data model with events: Before the click]
                    
                
Figure 3.Updating the data model with events: Before the click
            [image: Updating the data model with events: After the click]
                    
                
Figure 4.Updating the data model with events: After the click


        
        
            Repeating groups

            The xf.js processor also provides support for the XForms repeat
                element. We use the following XForms code as
                example:
<body>
  <div>
    <xf:repeat id="carRepeat" nodeset="car">
      <xf:input ref=".">
        <xf:label>Car </xf:label>
      </xf:input>
      <br />
    </xf:repeat>
        
    <xf:trigger>
      <xf:label>Insert new car at beginning</xf:label>
      <xf:action ev:event="DOMActivate">
        <xf:insert nodeset="car" at="1" position="before"/>
        <xf:setvalue ref="car[1]/text()">Porsche</xf:setvalue>
      </xf:action>  
    </xf:trigger>
              
    <xf:trigger>
      <xf:label>Delete last car</xf:label>
      <xf:delete ev:event="DOMActivate" nodeset="car" at="last()"/>
    </xf:trigger>
  </div>  
</body>

            The following images show the website after initialization, after a click on the
                    insert button and after a click on the delete
                button:
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Figure 5.The repeat group after initialization

            [image: The repeat group after an insert operation]
                    
                
Figure 6.The repeat group after an insert operation

            [image: The repeat group after a delete operation]
                    
                
Figure 7.The repeat group after a delete operation
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            I've been playing with markup off and on since about 1990. I served as a Canadian rep to JTC1/SC18/WG8 during the SGML revision days, developed an SGML DTD Viewer product (released about 2 months before Near and Far, which ended my hopes for early retirement), and have worked on markup projects for companies like Frame, Adobe, Boeing, Embraer, National Research Council of Canada, and Schlumberger.

            When I`m not playing in markup-land, I work on data-centric security, with as much of an XML twist as I can manage.
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        Roadmap

        This paper describes some of the work I've been doing on a project featuring large, complex technical documents - The Canadian National Model Building Codes. I'll start with a short intro to the organizations and processes that maintain and update the Codes. From there I'll give a very selected time line of the Codes dating from a time before computers to the present and on to some current work we are doing. Where the time line intersects with my involvement I will be able to expand the level of detail.

        Please assume that anything I describe would not have been possible without the help and guidance of the people mentioned in the acknowledgements section. Guy Gosselin gave me permission to write this paper, Guyane Mougeot-Lemay and Tarek Raafat have provided excellent project management, Helen Tikhonova and David Taylor have provided me with endless subject matter expertise and feedback at every stage of my work, and Henning Heinemann has done wonders customizing the CMS and integrating my code.

    
    
        The Canadian National Model Building Codes

        Like many countries, Canada maintains building codes designed to ensure building and occupant safety. Building codes necessarily change over time in order to address new requirements.

        Canada`s National Research Council operates the Canadian Codes Centre (CCC) to provide both technical and administrative support to the Canadian Commission on Building and Fire Codes (CCBFC). The CCBFC has nine technical standing committees whose members may be drawn from "... building and fire officials, architects, engineers, contractors and building owners, as well as members of the public".
        

        While building codes are a provincial or territorial responsibility, the CCBFC helps coordinate the work with input from the Provincial/Territorial Policy Advisory Committee on Codes (PTPACC) to the extent that many jurisdictions adopt the Model Building Codes directly, while others modify the model codes as appropriate for conditions in their jurisdictions.

        These codes currently maintained by the CCC are the following:

        
            	National Energy Code of Canada for Buildings 2011 (NECB)


            	National Building Code of Canada 2010 (NBC)


            	National Fire Code of Canada 2010 (NFC)


            	National Plumbing Code of Canada 2010 (NPC)


            	National Farm Building Code of Canada 1995 (NFBC)


        

    
    
        A Look at the Building Codes

        
            1941

            Canada's building codes date back to 1941 when the first version of the National Building Code was published. At that time, a typical page from the document looked like Figure 1, “Sample content from the 1941 Building Code”.

            [image: Sample content from the 1941 Building Code]
                    
                
Figure 1.Sample content from the 1941 Building Code
            Markup and computer based publishing (and computers for that matter) were still off in the future. To keep things moving along and relevant to this conference, I'll gloss over the ensuing forty years of Building Codes development and publishing activity.

        
        
            1990

            By the late eighties, Codes production had shifted to desktop publishing (Pagemaker) and a typical page looked like Figure 2, “Sample page from the 1990 Building Code”.

            [image: Sample page from the 1990 Building Code]
                    
                
Figure 2.Sample page from the 1990 Building Code
            Even as the Building Codes were being converted to desktop publishing tools, markup and, in particular, the notion of separating document content from document presentation, especially for large technical publications, was becoming more common. So too were the tools and expertise necessary to handle markup.

        
        
            1995/6

            Despite the claimed advantages of a markup based publishing approach, it was still a leap of faith to go to the expense of converting data from proprietary formats to SGML and retooling the publishing chain. Nonetheless, for the 1995 version of the Codes, the content was converted to SGML with an accompanying DTD. Arbortext was selected as the editing and page composition tool which also required that a FOSI be developed to format the output. The SGML/Arbortext printed copy looked like Figure 3, “Sample page from the 1995 Building Code”.

            [image: Sample page from the 1995 Building Code]
                    
                
Figure 3.Sample page from the 1995 Building Code
            One year later, the Codes were issued in their first electronic version using Dynatext from Electronic Book Technologies. Dynatext was a publishing system that allowed SGML content to be combined with other media like vector and raster graphics and audio and video clips into a book or book collection that could be shipped on a CD. The Dynatext version of the Building Codes looked like Figure 4, “Sample page from the Dynatext electronic Building Code”.

            [image: Sample page from the Dynatext electronic Building Code]
                    
                
Figure 4.Sample page from the Dynatext electronic Building Code
            The Dynatext release of the Building Codes was important for demonstrating:

            
                	The advantage of a non-proprietary data format that could be processed by different tool chains to create very different output products - a particularly important message given the cost of conversion to SGML and the retooling to support the conversion.


                	The added value of an electronic document over paper - search, hyper links, light and compact (CD vs. paper), etc.


            

            At the time however, a well-thumbed copy of a paper version of the Building Codes, thrown into the cab of a pickup truck on a building site, or stored on a building professional's desk, was a more realistic delivery scenario than a format that required ready access to a laptop or desktop computer.

        
        
            2005/6

            It was 10 years before the next release of the Building Codes. As before, the paper version of the Codes was edited and composed in Arbortext although by 2005 the DTD and content had been converted from SGML to XML. The conversion was not difficult as the original conversion from Pagemaker to SGML did not take significant advantage of the SGML features that were dropped when XML was designed (although we have had many opportunities to lament the loss of inclusions in the XML DTD - having to allow for change-begin and change-end elements nearly everywhere in the XML DTD is much messier than being able to specify their inclusion once). This sample page from the 2005 version of the Codes (Figure 5, “Sample page from the 2005 Building Code”) shows a strong resemblance to the 1995 version (Figure 3, “Sample page from the 1995 Building Code”), save for the change to a single column format.

            [image: Sample page from the 2005 Building Code]
                    
                
Figure 5.Sample page from the 2005 Building Code
            This is where I come in to the story. By 2005, Dynatext was no longer available and the Canadian Codes Centre had selected the NXT CD publishing tool to create the next electronic version of the Building Codes. My initial brief was to create HTML output from the XML source suitable for import into NXT. As far as possible, the content was to be formatted like the paper copy. The FOSI used for the printed Codes, being a stylesheet itself, provided me with a useful leg up in creating the CSS.

            When we started work converting the XML to HTML (using XSLT) for the NXT CD tool
                we did not actually have the NXT software. Our initial conversion delivered a
                2-frame HTML view of the output with a Table of Contents in the left frame and the
                Codes content in the right. Figure 6, “Sample page from the 2006 electronic Building Code” shows a sample.

            [image: Sample page from the 2006 electronic Building Code]
                    
                
Figure 6.Sample page from the 2006 electronic Building Code
            Once the NXT software arrived, and as we learned its specific requirements, we
                modified the conversion scripts to support both the original framed output and the
                NXT output. In the next few sections I'll outline some of the more interesting
                challenges we had to deal with.

            
                Output Formatting

                I have already mentioned that the plain HTML output and the NXT output were
                    different. The changes were mostly related to the Table of Contents (TOC) and
                    the format of hyper links. Setting up the conversion scripts to handle these
                    differences was fairly straightforward. Formatting was another thing entirely.
                    At the time, we were trying to support Firefox 3, Internet Explorer 6, and CSS 2
                    - it turned out that if we got that right, the NXT output would look OK too. We
                    wanted to have a single CSS style sheet to reduce long term maintenance
                    headaches. Effectively, we were trying to support 3 different rendering engines
                    with one set of HTML files and one style sheet. Our initial conversion scripts
                    tried to take advantage of HTML elements like <P> but the browsers attach
                    some amount of built-in formatting to the HTML elements. Of course the
                    formatting was different for each browser as were the interactions of the
                    predefined formatting with the linked CSS. We simplified the problem by mapping
                    the XML into DIV and SPAN elements for block and running text respectively. As I
                    learned at Balisage in 2011 over a beer one evening, DIV and SPAN were
                    introduced specifically to be unformatted so we were able to limit my hair
                    pulling to resolving differences between how the browsers interpreted CSS2. This
                    was entertaining enough - we had to tweak both the output HTML and the CSS to
                    achieve my goals. For example, one instance we had to wrap output in both DIV
                    and SPAN elements to get similar presentations in Firefox and Internet Explorer.
                    The CSS has a disturbing number of comments like:

               
IE and FF have different opinions about how to layout para-nmbrd caused by FF
not honoring sentnum width. Numbers in FF on para-nmbrd text will therefore be
shifted left by 1em plus the difference between the width of the number (including
its trailing ')') and the width of an 'm' character.

            
            
                Tables

                My claim in the previous section about using only DIV and SPAN elements was true to a point. Tables were that point. Tabular output required engaging the table rendering engines in the browsers and so my HTML output does include HTML table elements. Anyone who has had to convert tables marked up using the Oasis Exchange Table Model into HTML tables knows just how much work this can be. For example, an Oasis table can have multiple TGROUP elements where each TGROUP can support a different number of columns. There is no analog in HTML tables - each table can only have a single number of columns. You therefore have 2 options:

                	Convert each TGROUP to support the number of columns in the least common multiple of the columns in all TGROUPs.


                	Output each TGROUP as a separate table and rely on rendering the tables with no intervening space to look like a single table.


                

                The first option is unspeakably horrible as it involves setting up column spans or converting existing column spans (named or positional) and all the references to the span information in the table data amongst other nasties. The latter option is much, much easier but had a dark side that was not apparent at the time. That dark side showed up years later when we converted our output to be accessible. No longer could we present a single logical table as multiple printed tables. We had to present the logical table as a single HTML table with a CAPTION element. Fortunately, and after an extensive review of our content, we found that, while we did have to support multiple TRGOUPS, we did not have different numbers of columns or different types of presentational attributes in each TGROUP.

                The tables in the Codes documents are both numerous and often complex. Even things like figuring out which borders to render on a table cell required looking at all the possible places cell borders could be specified starting at the Oasis TABLE element and working down through TGROUP, COLSPEC, ROW, and ENTRY elements. Ultimately, the results worked out well enough. The following table samples (Figure 7, “Sample table”, Figure 8, “Sample table”) give a feeling for the complexity of our tables.

                [image: Sample table]
                        
                    
Figure 7.Sample table
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Figure 8.Sample table
            
            
                Change Bars

                One feature of the Codes documents is that each new version highlights significant changes from the previous version using change bars in the page margins. This is a very common technique in print, but HTML and CSS were not designed to support this level of page fidelity. We settled on using shaded text to highlight the differences (see Figure 9, “Version change highlighting”).

                [image: Version change highlighting]
                        
                    
Figure 9.Version change highlighting
                The interesting problem was that Arbortext encoded change bars in the XML as switches (empty elements) that told the Arbortext page composition engine to start (or stop) rendering a change bar. You can see the "change-begin" and "change-end" empty elements in the sample below.

                
<sentence id="es007023"><intentref xmlns:xlink="http://www.w3.org/1999/xlink" xlink:href="ei000287.xml" xlink:title="Intent"/><text>Where hangers are used to support <term refid="nmnll-hr">nominally
horizontal</term> piping, they shall be</text>
<clause id="es007023a">
<text>metal rods of not less than</text>
<subclause id="es007023a1">
<text><change-begin/><meas>6 mm</meas> diam to support piping <meas>2 inches</meas> or
less in <term refid="z">size</term>,<change-end/></text>
</subclause>
<subclause id="es007023a2">
<text><change-begin/><meas>8 mm</meas> diam to support piping <meas>4 inches</meas> or
less in <term refid="z">size</term>, and<change-end/></text>
</subclause>
<subclause id="es007023a3">
<text><change-begin/><meas>13 mm</meas> diam to support piping over <meas>4
inches</meas> in <term refid="z">size</term>, or<change-end/></text>
</subclause>
</clause>           
                

                What we wanted to do was emit an element start tag when we encountered the
                    element that started the change bar and emit the corresponding end tag when we
                    hit the stop change bar element so that we could wrap content in a DIV or SPAN
                    element (with a CSS class). Of course XSLT does not normally allow a partial
                    element to be emitted in a template. We had to hide what we were doing from the
                    XSLT engine by outputting the start and end tags in different XSLT templates
                    using character entities like so:

                
<!-- CHANGE-BEGIN Any changes in this code should be mirrored in CHANGE-END. -->
<xsl:template match="change-begin">
    <xsl:text>&lt;div class="change-begin"&gt;</xsl:text>
</xsl:template>

<!-- CHANGE-END Any changes in this code should be mirrored in CHANGE-BEGIN. -->
<xsl:template match="change-end">
            <xsl:text>&lt;/div&gt;</xsl:text>
</xsl:template>
                
                
                The XSLT output serializer then converted the character entities back into regular < > characters where they would be interpreted as markup (and therefore as a DIV or SPAN wrapping content) by the browsers. Codes text that included < and > characters and that we did not want interpreted as markup had to be hidden by doubly encoding them as &amp;lt; and &amp;gt;.

                Of course converting singleton elements functioning as switches to an element wrapping content did not initially produce reliably well-formed output in every case. Subsequent stages of our rendering pipeline choked on the output. Our solution was to manually relocate the offending change singletons in the source XML. In most cases this was as simple as moving a change-begin singleton from preceding a start tag to immediately following the start tag (for example) which left well-formed output that had the same effect as the original change markup.

                Ultimately, the NXT output (and interface) looked like Figure 10, “NXT output”.
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Figure 10.NXT output
                The NXT output preserves the look of the printed Codes text (in the right pane) and also offers a number of advantages over print:

                
                    	Active hyper linking within and between Codes documents


                    	Full text search


                    	More complete (the electronic output included the intent statements which were not released on paper). These are accessed through the links at the left of each sentence.


                    	Much more portable


                

            
        
        
            2010

            Between the time we published the Codes on CD using NXT and the time we had to start preparing for the next release of the Codes in 2010, changes on the NXT side suggested strongly that we have a plan B for releasing an electronic copy of the Codes in 2010. Plan B turned out to rely on Arbortext for both the print and electronic copies of the Codes using Arbortext PDF output. The electronic PDF output, like the SGML and HTML electronic version before it offers active hyper links, a TOC, and search capabilities. As you can imagine, with PDF as the output for both the print and electronic versions of the Codes, the presentation was nearly identical and the entire production process was greatly streamlined. The output looks very much like the 2005 Codes so I haven't included an example here.

            For the foreseeable future, Arbortext will be the composition engine for both the print and electronic copies and so this part of my tale ends. The next part of this paper describes a different aspect of the work I've been involved with at the Canadian Codes Centre.

        
    
    
        Maintaining and Developing the Building Codes

        As we saw at the start of this paper, the Codes have an extensive set of stakeholders all of whom both contribute to and must be kept apprised of development work on the Codes. In addition, once the Codes are adopted by a jurisdiction (province, territory), they acquire legal standing. Until recently, the tracking of each proposed change to the Codes was managed with a MS-Word template like Figure 11, “MS-Word Proposed Change Template (heavily edited)”. The template shows the original Code text, the proposed change, the rationale for the change, and a variety of administrative and tracking details.

        [image: MS-Word Proposed Change Template (heavily edited)]
                
            
Figure 11.MS-Word Proposed Change Template (heavily edited)
        Keeping the Word templates up to date required a lot of manual work and discipline on the part of the technical committee chairs. In order to provide better process traceability and accountability and to help manage the increased number of documents in production the Canadian Codes Centre implemented a Content Management System (CMS).

        The CMS we are using is Interwoven Teamsite. In the CMS, the Word template was replaced with a proper electronic form (the Proposed Change Form or PCF) with work flow, versioning, fielded searching, reporting, and centralized administration - all typical characteristics of a CMS. The new form looks like Figure 12, “Teamsite Proposed Change Form”.

        [image: Teamsite Proposed Change Form]
                
            
Figure 12.Teamsite Proposed Change Form
        This paper is not about the CMS though or even the PCF (which is itself an XML document behind the scenes). I instead want to focus on one aspect of the PCF - the part of the form that contains the text under consideration for change. This corresponds to the second tab in the PCF form: Figure 13, “PCF Code Reference Tab”.

        [image: PCF Code Reference Tab]
                
            
Figure 13.PCF Code Reference Tab
        In Figure 13, “PCF Code Reference Tab”, the reference is to an entire article.

        As has been hinted at in the sample output shown so far, the Codes documents are highly structured documents following a deep hierarchical model: division/part/section/subsection/article/sentence/clause/subclause in the normative portions of the Codes and a different model for non-normative appendices.

        A proposed change might include one or more sentences or higher level constructs (article, subsection, etc.). In the past, the Code text under consideration was cut from a PDF version of the Code document and pasted into the MS-Word PCF template. As anyone who has done this knows, the results can be ugly, especially if the cut text spans a page boundary in the PDF. Quite apart from that problem, the source for the Codes content is maintained as fragments of XML. Converting the source to PDF (for publication), then to Word (the PCF), and then back to XML (for our fragment library including regenerating all the meta data in the XML - IDs, IDREFs, etc.) once changes had been made was largely manual, time-consuming and error-prone. We wanted to try linking the source XML to the Codes revision process somehow so that we could improve the overall throughput, reliability, and integrity of the revision process, at least as far as the content was concerned.

        The CMS allows files to be attached to forms so rather than inserting Code text into the form (much like the old Word templates), we decided to attach portions of the XML source to the form. Before I describe our solution, I'll take a short diversion into the XML library that contains the source for the Building Codes document.

        
            XML Fragment Library

            The XML source for the Codes documents are maintained as a single tree of XML fragments. The leaves contain the bulk of the Codes text (sentences, tables, appendix notes, intent analysis). Higher levels in the tree contain structural information fragments. Tables, appendix notes, and intent analysis fragments are referenced from sentence fragments.

            A sample structural fragment looks like:

            
<?xml version="1.0" encoding="utf-8"?>
<!DOCTYPE article PUBLIC "-//NRC-IRC//DTD Code_2010//EN"
 "code_2010.dtd" [
<!ENTITY ES000432 SYSTEM "../../../sentence/es/000/es000432.xml">
<!ENTITY ES000433 SYSTEM "../../../sentence/es/000/es000433.xml">
]>
<article id="ea000274">
<title>Group A, Division 2, up to 6 Storeys, Any Area, Sprinklered</title>
&ES000432;
&ES000433;
</article>                
            

            You can see that the article fragment is little more than a title element followed by entity references to the sentence fragments that make up the article (you can see the SGML heritage here).

            One of the sentence fragments in the above article looks like:

            
<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE sentence PUBLIC "-//NRC-IRC//DTD Code_2010//EN"
 "code_2010.dtd">
<sentence id="es000432">
<ref.intent xmlns:xlink="http://www.w3.org/1999/xlink" xlink:href="ei002082.xml" xlink:title="Intent"/>
<text>A <term refid="bldng">building </term> classified as Group A, Division 2, that is
not limited by <term refid="bldng-r">building area</term>, is permitted
to conform to <ref.int refid="es000433" type="short"/> provided</text>
<clause id="es000432a">
<text>except as permitted by <ref.int pretext="Sentences"
refid="es000398"/> <ref.int pretext="and" refid="es000422"/>, the <term
refid="bldng">building</term> is <term refid="prnklrd">sprinklered</term
> throughout.</text>
</clause>
</sentence>
            

            Each sentence has a corresponding intent analysis which describes why a sentence is important based on a number of objectives and functional requirements. The XLink information points to intent analysis fragments. Appendix notes can be included at any level in the document hierarchy and contain explanatory text, figures, examples, and equations. All content includes many cross-references to other parts of the document (see the ref.int elements above).

            The XML fragment library is a directory. The leaf filenames are the same as the ID attribute on that fragment and the IDs capture the semantics of the directory structure. This will be important later.

        
        
            Linking the XML Library to the CMS

            Clearly, the technical committee chairs could not be expected to know the XML fragment ID of a block of content that they needed to attach to a form. We needed some sort of selection process to allow for easier content selection. Apart from allowing a more useful selection process, we also wanted to ensure that the content we built to attach to the form included everything that a technical committee might need to know about that content in order to amend it. This meant that we not only needed the Code text, but also the intent analysis for each sentence and any appendix notes that applied to the attached text. The old Word forms did not impose any such discipline and so portions of the Codes document were sometimes overlooked during the revision cycle. We called the content blobs composite fragments (CFs). A special version of the main Codes DTD allows for the structure of the composite fragments. 

        The CMS form editor supports changes to the PCF form made by the committee chairs directly or a side effect of a work flow process. The composite fragments though have to be edited separately as the Teamsite CMS does not understand XML at the level we need. We added a feature to the PCF form that put an "edit" button beside each attached composite fragment. Clicking "edit" will cause the CMS to push the composite fragment down to a local workstation from the CMS server and start up Arbortext on that composite fragment. When an editing session is complete, the edited composite fragment is copied back up to the server.

            The mechanism that supports the creation of the composite fragments is
                interesting. Our CMS is a web server based application. Custom Javascript and
                server-side CGI scripts can be used to extend the basic CMS functionality. However,
                we took a different route to integrate our XML fragment library with the CMS. We
                built a separate web server (the DSF Server) to sit between the CMS and the XML
                fragment library. The following diagram shows the main moving parts in our system
                (Figure 14, “System Architecture”):
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Figure 14.System Architecture
            The DSF Server follows the REST architecture. Javascript or CGI scripts on the CMS
                send URLs to the DSF Server which responds with documents or pointers to documents.
                So, for example, if a technical committee chair wanted to attach a sentence from the
                National Plumbing Code to an open PCF, the CMS sends a URL to our DSF server, the
                server creates the composite fragment and returns it to the CMS. The PCF form then
                gets updated with a link to the composite fragment file.

        The DSF Server relies on a custom NoSQL database to resolve which XML fragments should be used to populate the composite fragment. This initial content is then parsed for references to other material that must be included in the composite fragment until we have a complete package of content, appendix notes, and intent statements.

            A useful side-effect of our DSF Server architecture is that it isolates  the XML fragment library and all our fragment processing from the CMS itself. If the CMS is upgraded or even replaced, we retain all the composite fragment functionality unchanged.

        
        
            PCF Rendering

            The PCF form (and the composite fragment editing) is useful but we also need to render the forms so that the technical committees can see all the information presented in context from both the PCF form and the attached composite fragments. We render to HTML, PDF and MHT depending on the downstream use. Most of the rendering code comes from the code that was developed to render our Codes to HTML for the NXT CD deliverable in 2006. A small amount of rendering code was added to support the material in the PCF form itself. A rendered PCF form (edited for presentation) looks like Figure 15, “Rendered Proposed Change Form”.
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Figure 15.Rendered Proposed Change Form
            The existing provision section shows that the referenced appendix note has been added to the composite fragment to ensure that a technical committee will consider it in their deliberations. The appendix note does not render in the proposed change section as no changes have been made (yet) and so we suppress its display (more on this below).

            Of no small interest, Arbortext supports change tracking while editing, like all good editors. The technical committees wanted to preserve the change tracking in the composite fragments attached to the PCF and display the changes in the rendered PCF. Arbortext change tracking causes new elements to be added to the XML file being edited. The elements are embedded in the edited XML file until such time as a document editor accepts the changes. The change tracking elements are not part of the document model (DTD, Schema) for the XML document - Arbortext deals with them appropriately. However, since the added elements change the element hierarchy in the XML document, any processing that is based on an assumption about the element hierarchy as modeled in the DTD (or Schema) will no longer work. In fact, Arbortext does not recommend working directly with XML files containing change tracking elements.

            Our solution to handle change tracking display, developed after several false
                starts, was to introduce a rendering preprocessing step that converted the Arbortext
                change tracking elements into change tracking attributes on every element wrapped by
                the change tracking element. We then strip out the change tracking elements,
                restoring the document to its model conformant state, so we can render it correctly.
                A composite fragment with change tracking like this (clause 'b' in Figure 16, “Change Tracking”):

            
<atict:add user="U2">
    <clause id="es001725b" cnum="b*">
        <text>
            <atict:del user="U1">comply with Sentence 6.3.1.1.(2)-2015 and</atict:del>
            <atict:add user="U1">they are separated a minimum distance from sources
of contaminants in accordance with </atict:add>Table 6.2.3.12<atict:adduser="U1">.</atict:add>
            <atict:del user="U1"> for minimum distances.</atict:del>
        </text>
    </clause>
</atict:add>
            

            Will ultimately display like Figure 16, “Change Tracking” (a more complete example of change tracking output).

            [image: Change Tracking]
                    
                
Figure 16.Change Tracking
            There are two sets of sequence numbers in the generated PCF output. The rightmost set are the sequence numbers that the content had when it was published and the left most set are generated on the fly as the PCF is rendered. The former set helps tie discussions back to the original published documents and the latter provide context for discussions about changes. Note that the two clauses shown in Figure 16, “Change Tracking” are new and therefore have no original numbers (shown as "--)"). The new numbers are critical in situations like this.

            We preserve the "user" attributes from the Arbortext change tracking elements as classes in the HTML output. This has allowed us to experiment with presenting the change tracking output differently for each user or class of users so that we can distinguish changes made by an editor from those made by a technical committee for example. If you look carefully at Figure 16, “Change Tracking” you can see this in the shaded content. This represents changed material altered by one of the Codes editors. The unshaded changed material was altered by a technical committee chair.

            Aside from rendering the change tracking visually, the rendering code exploits the
                change tracking attributes to suppress content in the output. In general we try to
                suppress content that is unchanged so that technical committees, editors, and
                translators can focus on material that has changed. For example, if an article has
                no changes, we will render just the article title to provide some context while
                allowing the technical committees to focus on more relevant material. We are still
                in the early stages of content suppression based on change tracking and we are
                trying to avoid having to deal with requests like "Show me only what I want to see
                at the moment."

        
        
            Bursting

            Once a Code change has been approved, the XML in the composite fragment attached to the PCF must be returned to the XML library. Since the composite fragment is a single document, we need to burst the composite fragment back into its component pieces (sentences, tables, structural fragments, appendix notes, etc.). The ID attribute semantics tells us what filenames and file paths we need to create for the burst output. For example an ID on a sentence like:

            es000001

            indicates that this is an English ('e') sentence ('s') with a filename of 'es000001.xml' stored in the XML fragment tree at

            library/sentence/es/000/es000001.xml

            Bursting also recreates the structural fragments as necessary.

            Our bursting process exploits the semantics of the IDs in the composite fragment not only to burst the composite fragment, but also to do a number of internal consistency checks on the composite fragment to help ensure that the burst fragments will be properly linked together. We do not burst the composite fragments directly back into the XML fragment library to allow for final validity and consistency checking on the burst pieces.

        
    
    
        Bonus Features

        In order to help sell the CMS and in particular the necessity of using an XML editor for the Codes content attached to the PCF form we came up with a couple of interesting (and we hoped addictive) outputs that would have been nearly impossible to do from an MS-Word input. The two features that we built are side-by-side rendering and something we call consolidated print.

        
            Side by Side Output

            The Codes documents are issued in French and English (Canada is officially bilingual). The primary language for Codes development is English, but anything that is made available during the Codes development cycle to the public must be translated. In order to check translations, it is very useful to be able to line up French and English versions beside each other. French text is often longer than English text so simply printing French and English documents side by side will not help.

            We developed code that takes our rendered PCF output, in French and English, and pours the parts of the two documents into a two-column HTML table. Our rendered HTML contains sufficient semantic information about what each part of the document is (via CSS classes) that we can easily  match the French and English text and output appropriate bits into each table row. The browser table layout algorithms then do all the heavy lifting for us by lining up each row in the output table. The side-by-side output looks like Figure 17, “Side by Side”.
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Figure 17.Side by Side
        
        
            Consolidated Print

            During the course of a (typically) 5 year development cycle, there can be several hundred proposed changes to the Codes in play. Often a group of changes will affect the same part of the Code document. The fine granularity of the proposed changes mean that it can be difficult to see the overall picture of what a Codes document would look like while it is under development. It is also possible for different technical committees to be working in the same area of the Codes. There is potential for changes to be made that are inconsistent.

            We developed some code called consolidated print that allows for any portion of a Codes document to be rendered including any proposed changes that are open against that portion of the document. The code was built into the DSF Server as a new REST URL call. The following is an example of what the consolidated output looks like (see Figure 18, “Consolidated Print”).
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Figure 18.Consolidated Print
            The non-shaded text is the original Codes text. There are 3 proposed changes in
                play against the original article (PCFs 663, 670 and 702). PCF 663 is proposing a
                change to the article title, adding a reference to an appendix note and introducing
                a new sentence 1. PCF 670 preserves the original title and PCF 702 duplicates the
                title change but omits the appendix note reference. The consolidated output
                interleaves the original text with all outstanding proposed changes at the sentence
                level which offers a very clear view of the state of the document at any
                time.

        
    
    
        Tools

        The main tools that we have in our toolbox are:

        
            	XSLT - Saxon and libxslt


            	Python - The DSF server and composite fragment bursting code is implemented in Python


            	CherryPy - This framework provides an excellent web server template for Python programs


            	lxml - A Python wrapper for the Gnome project libxml2 and libxslt libraries


            	libxml2 - The Gnome project XML parser


            	libxslt - The Gnome project XSLT and XPath library


            	Interwoven Teamsite - The CMS


            	Perl - The extension language of choice for the CMS


            	PrinceXML - To handle HTML to PDF conversion


            	HTML Tidy - To convert XHTML to backwards compatible HTML


        

    
    
        Final Thoughts

        I hope this has been an interesting markup focused tour through the Canadian Building
            Codes. I have tried to capture breadth rather than depth in my discussions. If anything
            I have mentioned seems lacking in detail or simply piques your curiousity, please feel
            free to follow up with me. Similarly, if things as presented seem the product of
            unusually prescient designers, I would be more than happy to explain the role played by
            luck and hard work in our efforts.

        Since the Codes content was converted to SGML in 1995 we have been able to produce a range of output products without having to migrate the data or lose any data fidelity. We are also finding new ways to process the content to support content maintenance. Along the way, we have been able to make use of current software notions like REST, and NoSQL databases - we are teaching old data new tricks.

        All of our processing relies on complex markup that captures the semantics of the
            data. Our processing also makes heavy use of transient metadata (embedded as attributes
            on elements or as processing instructions) with varying lifetimes. A data format, like
            XML, that allows us to easily distinguish metadata from content has been critical to
            much of our work.

        The Canadian Building Codes started life well before me and will live on long after I'm gone. This makes aircraft documentation (with which I have a more than passing acquaintance) look fleeting in comparison. It is a great adventure to work in such an environment.
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            Abstract
Profiling is an often-used XML publishing technique where nodes are marked as
                conditional according to a set of profiles, identified using attribute values as
                filtering conditions. When publishing, the nodes are only included if the publishing
                conditions match the publishing context. The profiles are sometimes also used as
                variables in text content, including the attribute value in the publication.

            While useful, these techniques have a number of problems. For example, if the
                attribute values need to be changed, the new values usually require converting any
                    live legacy documentation to the new values, changing the schema,
                stylesheets, etc, and supporting both the old and new profiles will not be possible.
                This paper takes a look at profiling, some of the common problems and suggest ways
                to solve those problems.

            An abstraction layer solves this. The profile values are not used directly;
                instead they represent a specific semantic profile. The abstraction
                layer can be expressed using URNs that are matched to human-readable values when
                required.

            A different problem arises when handling XML documents with structures not in our
                control. The document might be from a third party and not be editable directly, or
                use incompatible profiling semantics.

            These documents can be profiled using out-of-line
                profiling, describing the conditions outside the document, for example, in an
                extended XLink linkbase listing the nodes and their profiles. XLink, as it turns
                out, is well suited for this.
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        Intro

        Profiling is an often-used XML publishing technique where nodes are marked as
            conditional according to a set of profiles, identified using attribute values as
            filtering conditions. When publishing, the nodes are only included if the publishing
            conditions match the publishing context. The profiles are sometimes also used as
            variables in text content, including the attribute value in the publication.

        While useful, these techniques have a number of problems. This paper takes a look at
            profiling, some of the common problems and suggest ways to solve those problems.

        
            Definitions

            Before I begin, let me briefly attempt to define the terminology used in this
                paper. Consider the following markup example:

            <doc profile="B">
   <p>Information common to products A, B, and C.</p>
   <p profile="A">Information about product A.</p>
   <p profile="B C">Information about products B and C.</p>
   <p profile="B C">Information about products B and C.</p>
</doc>


            The above is an example document that describes a product with the three product
                variants A, B and C; in other words,
                it's the same basic product (imagine, for example, a diesel-engined car model with
                three different-sized engines) but with three differing configurations.

            I try to use the following terminology throughout the paper:

            
                	
                    A profile is a set of conditions defining when a node
                        is applicable. The profile="A" attribute in the second
                            p element, for example, says that this particular
                            p element is applicable for the variant
                        A.

                

                	
                    A profile's value is the human-readable condition for
                        a specific profile, there to help a reader identify the condition in the
                        text flow. For example, information that applies to theD5
                        diesel engine might be marked up with profile="D5".

                

                	
                    A profile's semantics, on the other hand, represent
                        the underlying meaning behind the value. The
                            D5 diesel engine might be renamed to something very
                        different without changing the semantics of a profile[1]. For example, a marketing department might decide to rename it
                        without the engineering department changing a single engine
                        component.

                

                	
                    A profiling context is the condition(s) applied to
                        the document when publishing it. In my examples, I try to consistently set
                        that profile in the root element; above, the publishing context is
                            B, which means that only nodes either
                            without any profiles or nodes
                            including the context profile's value are included
                        in the publication.

                

            

        
        
            The Basic Example

            Consider the following example:

            <doc>
   <p>Information common to products A, B, and C.</p>
   <p profile="A">Information about product A.</p>
   <p profile="B">Information about product B.</p>
   <p profile="C">Information about product C.</p>
</doc>


            Three p elements are profiled for products A,
                    B, and C, respectively. A fourth remains
                unprofiled and is therefore always applicable. When publishing, the profile to be
                used could be selected by adding an attribute to the root, like this:

            <doc profile="A">
   ...
</doc>

            The profile attribute in the root is used as a context for the publication. Processed, the document would
                become:

            <doc profile="A">
   <p>Information common to products A, B, and C.</p>
   <p profile="A">Information about product A.</p>
</doc>

            Multiple profiles can be defined using this principle, of course, separating each
                value with a whitespace character:

            <doc profile="B">
   <p>Information common to products A, B, and C.</p>
   <p profile="A">Information about product A.</p>
   <p profile="B C">Information about products B and C.</p>
   <p profile="B C">Information about products B and C.</p>
</doc>


            Here, the last two p elements with B C profiles match
                the publishing context, B, assuming OR logic. 

            Similarly, using B C as context, profiles using B,
                    C, and B C would be included, again assuming OR
                processing.

        
        
            Multiple Conditions

            It is common to use different attributes for different profiling purposes. There
                might be an attribute profile for processing product variants and an
                attribute audience for processing content according to intended reader
                category. Here's an example:

            <doc profile="B" audience="default">
   <p>Information common to products A, B, and C.</p>
   <p profile="A">Information about product A.</p>
   <p profile="B C" audience="default">Information about products B and C.</p>
   <p profile="B C" audience="admin">Information about products B and C.</p>
</doc>


            Here, the information is filtered in context B and a
                    default audience, so the last paragraph would be excluded because
                the audience attribute doesn't match.

            A third attribute might be required for processing the intended platform, a fourth
                for differences in diagnostic software, etc. Basically, different attributes would
                be used for differing semantics or when mixing them might prove messy for one reason
                or another.

        
        
            Variable Text

            Profiles can be used for variable text, like this:

            <p>Information about product <phrase profile="A B C"/>.</p>

            Ignoring the linguistic difficulties this construction tends to cause, the idea is
                simple. When processed, the phrase element is replaced with the
                context's profile value, A, B, or C. In
                the published document, a more generic text can be replaced with the exact product
                variant.

        
        
            Tools and Processing

            A profile's allowed values are sometimes defined as in enumerated lists to avoid
                user errors. In DITA, for example (see id-dita), an audience
                    type attribute includes the following values[2]:

            <!ATTLIST audience
      type       (user | purchaser |
                  administrator | programmer |
                  executive | services | other | 
                  -dita-use-conref-target)  #IMPLIED
... >

            It follows that adding a new audience will cause problems. For that reason,
                    CDATA constructs are common, as are catch-alls like this:

            othertype  CDATA  #IMPLIED

            This allows for new audience types without having to change the DTD. Here, having
                the authoring software keep track of the allowed values in a database or such is a
                good idea, because someone will almost certainly misspell the new audience type,
                causing problems later. Here's an example from a CMS I sometimes use:
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Figure 1.
            The values are fetched from a database. The profile uses two levels, a group
                    (Grupp_B, above), and products C,
                D, and E that belong to the group[3].

            
                Publishing

                Publishing is a simple XSLT transformation that filters the contents according
                    to context. If several conditions with differing semantics are used (such as
                        profile and audience, above), using one stylesheet
                    per profile type is easy to set up in an XProc pipeline used to preprocess the
                    document.

                Essentially, filtering is about string matching. The publishing context value
                    needs to match the node's profile for the node to be included[4].

            
            
                Boolean Logic

                The above examples all assume OR. A single profile value match is enough to
                    include a node. Similarly, even with a multiple-value context, a single matching
                    profile value is enough:

                <doc profile="A B">
   <p>Information common to products A, B, and C.</p>
   <p profile="A">Information about product A.</p>
   <p profile="B C">Information about products B and C.</p>
   <p profile="B C">Information about products B and C.</p>
</doc>


                Here, nothing is excluded from the output because the A context
                    matches the first node and B the second and the third.

                Sometimes, Boolean AND is preferred[5]. Here is a simple (and limited) way to do it:

                <doc profile="B">
   <p>Information common to products A, B, and C.</p>
   <p profile="A">Information about product A.</p>
   <p profile="B C">Information about products B and C.</p>
   <p profile="B C" boolean="AND">Information about products B and C.</p>
</doc>


                Here, boolean="AND" in the last paragraph means that for it to be
                    included, every
                    profile value must match the context (B AND C). In
                    this case, the last paragraph is therefore excluded from the output.

                More advanced Boolean expressions might be useful, of course, but would almost
                    certainly prove to be far more problematic to implement in an XSLT
                    stylesheet:

                <p profile="B AND C AND NOT(A OR D)">Some text.</p>

                This is no longer mere XSLT territory; an external tool for parsing the
                    attribute contents might prove necessary.

            
        
    
    
        But There Are Problems

        
            Renaming Values

            Let's say you need to rename some of the profiles. It's not uncommon for a product
                to be renamed or even to possess multiple names, depending on, say, market
                requirements. Problems ensue:

                    	
                        If the values are from a schema, the schema must be updated with the
                            new values, either by renaming the existing values or by adding new
                            ones.

                        The first option means that legacy documents will no longer be valid
                            and will have to be converted. The second means that the legacy
                            documents will have to be converted anyway or there will be two
                            unrelated values for what is essentially the same profile.

                    

                    	
                        Converting the old profiles to new values in this manner usually
                            results in that the old ones can no longer be supported. If a legacy
                            document is republished, it must use the new values. In a best case,
                            this might confuse the existing users; in a worst, it might render the
                            documents unusable.

                    

                    	
                        Very often, once the client is made aware of the basic problem, the
                            decision is to keep the old document base, making them either
                            incompatible or just very expensive to update, because of the doubled
                            profiles.

                    

                    
                

        
        
            Changing Scope

            Changing the scope of a profile value means that
                the semantics of that value is updated.
                For
                example, let's say that a car engine D5 is updated with new
                components, perhaps as the result of updated specifications or new component
                suppliers. To marketing, it's still the same engine; after a certain date, it is
                simply manufactured using the new components instead of the old. 

            To engineers and mechanics, the changes are likely to be significant and require
                new assembly methods, diagnostics, spare parts, and so on. The documentation will
                have to reflect these changes. New content must be added, technical data updated,
                images and illustrations changed.

            Keeping the old profile, D5, would still make sense to marketing,
                and the car itself would still leave the assembly line with a D5
                batch on the boot lid, but cause problems for the technical writer:

                    	
                        When updating legacy documents with new information (for example, when
                            correcting errors), the writer would not be able to tell if a new
                            warning, seemingly profiled with the same value, was compatible or not
                            with the new information.

                    

                    	
                        When writing new D5 content, reusing old modules
                            profiled with that same value would be equally deceptive; there is no
                            easy way to know if the information is compatible or not.

                    

                

            Changing the profile value might solve part of the problem but again cause
                problems; the resulting conversions of old values to new are much harder to do.
                Which existing modules are compatible with the new version of the engine and which
                aren't? Very frequently the decision is to create a new (internal) profile, keeping
                the two apart, but this results in added processing when publishing, and certainly a
                doubled profile even in cases when the information is, in fact, identical.

        
        
            Text Content

            If the D5 profile, above, is used as variable text (see Variable Text), changing the value is not an
                option. The product is still marketed as D5. The end user will
                most likely not know or care about the updated components or the resulting updated
                document content. 

            Here, again, some attempt to solve the problem by adding internal profiling
                values. In the car industry, model years are not used for profiling; instead, the
                vehicles are identified using manufacturing weeks. To someone in the know, the
                manufacturing week will clearly identify changes to a component such as the
                    D5 engine, but this divides the readers into two categories: the
                internal audience that knows the significance of weeks and the external that only
                sees the model year. This may not seem as a big problem but any third-party
                technical group (consider, for example, third-party car mechanics, car enthusiasts,
                etc) will have problems unless they have knowledge about, and access to, the
                internal profiling.

            Using profiles as variable text also results in language-related problems:

                    	
                        A single profile, say A, is uncomplicated to use in a
                            variable: A is the latest-generation diesel
                                engine for the environmentally conscious driver.
                        

                    

                    	
                        A variable that might result from possibly multiple matching profiles
                            is more difficult: B and C are
                                high-performance turbo engines for the
                                demanding racing driver.
                        

                    

                

            For the writer, variable text resulting form single or multiple profiles are
                ultimately manageable only if they are known in advance.

        
        
            Localisation

            A related problem is about localisation[6]. If the target market requires different profiling values (perhaps the
                product is sold under a different name), the values must be handled either when
                translating or when publishing for that market. This is doable, of course, but will
                add to the complexity. If the localised value or scope needs to
                be changed at some point, as described above, further problems will arise.

        
    
    
        A Basic Solution

        
            Why Do We Have Problems?

            The naming problems (that is, keeping the semantics of a profile unchanged but
                changing the displayed value) have a fairly obvious basic cause: Values
                    are handled directly, instead of addressing the basic semantics of the
                    profile. They inevitable change over time, but a simple product name
                change may be just that, a mere name change, meaning that the semantics remain
                unchanged. Yet, the profiling information that is available does not reflect
                this.

            As with any changing content, any profile value should be version handled, yet
                they can't be when handled directly as strings.

            The scoping problems offer further revelations:

                    	
                        We confuse semantics with values. Changed semantics may or may not
                            result in a changed value; filtering should be based on semantics rather
                            than representations.

                    

                    	
                        The semantics evolve over time, as do the values, but the values are
                            only there to represent the semantics.

                        In the car example, D5 is used for both scopes because
                            for the manufacturer's aftersales organisation, the engine variant is
                            the same, regardless of the components used. In other words, we happen
                            to have two different versions of the basic semantics but the same value
                            to represent them.

                    

                    	
                        Because we confuse semantics and presentation, we can either describe
                            the changes in presentation or describe the changes in semantics, but
                            not both.

                    

                    	
                        A change in a profile's semantics should mean a new version of the
                            profile but not necessarily new values.

                    

                

            Or, in so many words, we confuse semantics and current values, using them
                interchangeably and frequently changing the wrong one. We need to separate the
                two.

        
        
            Abstraction Layers

            The solution is to separate semantics from presentation, like this:

            
                Table 1
                    
                        	
                            Semantics

                        
                        	
                            Presentation

                        
                    

                
                
                    
                        	
                            D5 old

                        
                        	
                            D5

                        
                    

                    
                        	
                            D5 new

                        
                        	
                            D5

                        
                    

                
            



            Or, if changing profiles according to localisation, like this:

            
                Table 2
                    
                        	
                            Semantics

                        
                        	
                            Presentation

                        
                    

                
                
                    
                        	
                            Platform X, GB

                        
                        	
                            Vauxhall

                        
                    

                    
                        	
                            Platform X, DE

                        
                        	
                            Opel

                            Saab

                        
                    

                    
                        	
                            Platform X, SE

                        
                        	
                            Opel

                            Saab

                        
                    

                
            



            And so on. In the former example, we have a basic name for the semantics
                    (D5) and two versions, both represented by
                the same value. In the latter, we have three localisations of
                the basic platform name (X), GB, DE and SE. Interestingly, the
                localisations of the platform use three different values, Vauxhall, Opel and Saab.
                In this case, this represents the fact that the same basic platform is used to
                create three separate vehicle brands.

            Obviously, all may be required to completely describe the correlation between the
                semantics and every intended representation of the profile[7], like so:

            PROFILE-VERSION-LOCALISATION

            The different versions and localisations could then be assigned values:

            
                Table 3
                    
                        	
                            Profile

                        
                        	
                            Values

                        
                    

                
                
                    
                        	
                            D5.1-GB

                            D5.1-DE

                            D5.1-SE

                        
                        	
                            D5

                        
                    

                    
                        	
                            D5.2-GB

                            D5.2-DE

                            D5.2-SE

                        
                        	
                            D5

                        
                    

                    
                        	
                            X.1-GB

                        
                        	
                            Vauxhall

                        
                    

                    
                        	
                            X.1-DE

                        
                        	
                            Saab Opel

                        
                    

                    
                        	
                            X.1-SE

                        
                        	
                            Saab Opel

                        
                    

                
            



            Note that the table represents incomplete semantics rather than a real-life
                problem. More is required to determine which value to use and when.

            If the core semantics change, the corresponding values may or may not change[8]; if changed values are desired, the corresponding semantics must change[9].

            The core profile, the intended semantics of the filtering
                condition, should be uniquely and persistently named. That name should be version
                handled and localised as needed. So, I wonder, is there a convenient way to separate
                semantics from presentation?

        
        
            Use URNs to Name Filters

            I'm partial to URNs when it comes to uniquely identifying things. I'd have used
                URNs to name my kids, had I been allowed to. 

            It's easy to define a URN namespace for unique names. And if you control the
                scope, they can also be persistent. For URN-based profiling, something like this
                should do:

            PROFILE:LANG-COUNTRY:VERSION

            
                PROFILE, of course, is the core profile, the semantic filter concept,
                    LANG-COUNTRY the localisation and VERSION a specific
                milestone. Combined, they should describe the examples above, but
                    PROFILE can be further broken down if needed. For example,
                    Platform X in the above table could solve the
                semantic problems: X:OPEL, X:SAAB, etc.

            A semantically identical profile used for different markets requiring different
                presentation (values) is solved like so:

            
                Table 4
                    
                        	
                            URN

                        
                        	
                            Values

                        
                    

                
                
                    
                        	
                            URN-X:sv-SE:12

                        
                        	
                            V1

                        
                    

                    
                        	
                            URN-X:en-GB:12

                        
                        	
                            V2

                        
                    

                
            



            The values (V1 for Sweden, V2 for the UK) are
                different because the target localisation varies, but the core profile
                    (URN-X) is the same, as is the version (12). The
                values V1 and V2 are therefore equivalent with each
                other.

            Here's the introductory XML example using URNs as profiles:

            <doc profile="urn:x-profile:a:sv-SE:12">
   <p>Information common to products A, B, and C.</p>
   <p profile="urn:x-profile:a:sv-SE:12">Information about product A.</p>
   <p profile="urn:x-profile:b:sv-SE:7">Information about product B.</p>
   <p profile="urn:x-profile:c:sv-SE:3">Information about product C.</p>
</doc>


            A variable might be included like so:

            <p>Information about product <phrase profile="urn:x-profile:a:sv-SE:12"/>.</p>

            As the phrase element is a placeholder for variable content, the URN
                needs to be processed accordingly so that the right values are used when publishing.
                This construct, of course, can still result in a linguistic nightmare.

            Can representing profiles with URNs solve the problems we've outlined?

                    	
                        If a profile is updated, either when changing the values or their
                            scope, a system that can fully resolve the URNs will support both the
                            old and new profiles. A new document can use the new values because it
                            uses a later URN version while a legacy document can keep on using the
                            old values because it uses the older URN version.

                    

                    	
                        As a consequence, no processing of legacy documents beyond resolving
                            URNs is necessary.

                    

                    	
                        It is still easy to string match profiles when publishing, even if
                            localisation is required.

                    

                    	
                        It is also easy to publish a legacy document that uses old URNs with
                            new values by preprocessing the old URNs[10].

                    

                

        
        
            Processing

            
                Editor

                To make URNs practical, the writer will need help to identify and insert a
                    profile (while URNs are unique, they are not necessarily human-readable).
                    Similarly, when editing existing profiled nodes, the profiles must be easily
                    identifiable.

                The problem, of course, is that a string like
                        urn:x-cassis:r1:cos:xplatform:000359:sv-SE:0.12 is not very
                    descriptive. Identifying it requires asking the CMS, which might prove
                    cumbersome if one ever wanted to work offline.

                A cop-out solution is to use strictly human-readable URNs, but problems such
                    as identifying the variations in scope in the D5 example above
                    (see Changing Scope) require
                    more.

                Perhaps better and certainly easier to process is to insert descriptive
                    throwaway attributes containing current profile values when checking out or
                    opening a document in the editor. Such an attribute, say, values,
                    would be for convenience only and be stripped from the document at
                    check-in:

                <p profile="urn:x-profile:a:sv-SE:12" values="A">Information about product A.</p>

                An more powerful alternative requiring a bit more processing is to use a
                    mapping document listing any required profile-and-value pairs for any checked
                    out or open documents, like so:

                <maps>
		...
		<pair>
  		<profile>urn:x-profile:a:sv-SE:12</profile>
  		<values>A</values>
		</pair>
		<pair>
  		<profile>urn:x-profile:a:en-GB:12</profile>
  		<values>B</values>
		</pair>
  ...
</maps>

                Or some variation thereof. A mapping document might also provide the basis for
                    a profiling GUI, listing the available profiles and their versions in some
                    human-readable form, an immediate advantage being that once populated, the
                    mapping document would give access to the available profiles without requiring a
                    server connection. 

                I've used a similar approach with a mapping document when matching URNs for
                    checked-out or open documents with their temporary URLs in the editor:

                <Repository>
    <RepositoryName>CosTI</RepositoryName>
    <Map>
        <UrnUrlPair>
            <Urn>urn:x-cassis:r1:cos:00002730:sv-SE:0.7</Urn>
            <Url>C:\Users\arin\Documents\condesign\cassis\ti\xmetal\2880321bb5d24b08a95e2854bccf859b\prox-för-cassis.xml</Url>
            <Writable>false</Writable>
            <EditUrl />
        </UrnUrlPair>
    </Map>
    <ShowMetadataDialog>true</ShowMetadataDialog>
</Repository>

                Expanding this to include profiling would be relatively easy[11].

            
            
                Variable Text and Localisation

                Variable text in the editor can be inserted using both techniques above: a
                    throwaway values attribute or a separate mapping document both do
                    the trick. The former alternative requires less processing while the latter
                    gives access to more features. Localised values, for example, would require the
                    mapping document.

            
            
                Combining Profiles

                URNs (and indeed any type of abstraction layer) can help simplify complex
                    profiles, such as the logical expressions mentioned in Boolean Logic. Instead of having to
                    process the expression in an attribute, the expression can be represented using
                    another URN, like so (with apologies for the pseudo-code):

                URN-EXPRESSION = URN1 AND URN2 AND NOT(URN3 OR URN4)

                The replacement URN represents the expression and is used instead of it when
                    processing. Of course, to be more than a theoretical exercise in neat ways of
                    doing the unneeded, the situations in which boolean expressions can occur must
                    be clearly defined. Such situations are common when describing complex modular
                    products and their many variants; such products are frequently sold as
                    individuals, requiring individualised documentation. A closer look of those
                    situations is outside the scope of this document, but the point I want to make
                    here is nevertheless an important one: rather than processing
                        2*(3+2), process 10. An abstraction layer is
                    simply some suitable representation of semantics.  

                Thus, a writer might use a shortcut URN to represent a group of profiles
                    comprising several URNs. Such a user-defined URN could be paired
                    with descriptive metadata to help identify it and other URNs created for similar
                    purposes. The right systems support could easily provide the user with a listing
                    of the underlying profiles.

            
            
                Base Profiles

                A complete profile includes localisation and version information, but
                    sometimes it is useful to process the base profile
                    regardless of language, country or version. This is easily done by defining
                    wildcard behaviour:

                URN:*:*

                This basically ignores the wildcards; it matches every single one. With the
                    URN semantics well defined (I use EBNF for mine) this should be easy.

                Other useful variations here might define processing for, say, the latest
                    version of a profile. A stylesheet treating URN:sv-SE:* as the
                    latest is not hard to do but will, of course, require access to the
                    corresponding values, either at runtime or when populating a mapping
                    document.

            
            
                Assertions

                Sometimes, filtering profiled content causes structural problems in the
                    resulting document, with required elements missing. Consider this admittedly
                    simplistic example: 

                <doc profile="A">
  ...
  <warning>
    <p profile="A">Some content.</p>
  </warning>
  ...
</doc>

                If a warning must always contain at least one p, the
                    above will result in an invalid warning if published in context
                        B rather than  A. This is an easy mistake to
                    make, and more complex nodes could easily end up being invalid without the user
                    noticing, especially in modularised documents, resulting in the problem
                    remaining undiscovered until the document is published.

                As these problems will only appear later[12], they can be difficult to spot. This can be solved using schematron (ISO standard; see id-idso-sch)
                    assertions and validation on a document to check for problems and missing
                    content after applying profiles. Such tests can be automated and used to
                    validate the profiled nodes only. Here's a schematron fragment for checking if
                    the warning contents match the publishing context:

                <!-- Profiling status for node -->
<pattern>
    <rule context="warning">
        <assert test="p/@profile">No profiling information.</assert>
        <report test="p/@profile">Profiling present.</report>
    </rule>
</pattern>
<!-- Match -->
<pattern>
    <rule context="warning">
        <report test="contains(/*/@profile,p/@profile)">Profile matches 
            publishing context.</report>
    </rule>
</pattern>
<!-- No match -->
<pattern>
    <rule context="warning">
        <assert test="contains(/*/@profile,p/@profile)">Profile does not 
            match publishing context.</assert>
    </rule>
</pattern>

                Note that complex schematron documents can be automatically generated if the
                    possible profiles are known and the possible changes are defined in a
                    schema.

                It might be possible to use XML Schema 1.1 assertions but since an assertion
                    on an element cannot refer to siblings or ancestors (id-xsdassertions),
                    the assertion would have to be made on descendants only, like so:

                <xs:schema 
    xmlns:xs="http://www.w3.org/2001/XMLSchema" 
    elementFormDefault="qualified">
    <xs:element name="doc">
        <xs:complexType>
            <xs:sequence 
                maxOccurs="unbounded">
                <xs:element 
                    name="warning">
                    <xs:complexType>
                        <xs:sequence 
                            maxOccurs="unbounded">
                            <xs:element 
                                name="p">
                                <xs:complexType 
                                    mixed="true">
                                    <xs:attribute 
                                        name="profile"/>
                                </xs:complexType>
                            </xs:element>
                        </xs:sequence>
                        <xs:attribute 
                            name="profile"/>
                    </xs:complexType>
                </xs:element>
            </xs:sequence>
            <xs:attribute 
                name="profile"/>
            <xs:assert 
                test="contains(@profile,.//*/@profile)"/>
        </xs:complexType>
    </xs:element>
</xs:schema>

                This might result in some rather complex expressions, if the assertion
                    required needed to go beyond the basics as illustrated above. I have not further
                    explored this at the time of this writing.

            
            
                Publishing

                Publishing documents that include URN profiles remains easy; the URNs can be
                    processed as strings, using string matching, so the filtering of nodes should
                    not be a problem. Processing a translated document that uses untranslated
                    profiles might prove tricky, however. Here is an example of a document
                    originally profiled in Swedish but now translated to English:

                <doc profile="urn:x-profile:a:en-GB:12">
   <p>Information common to products A, B, and C.</p>
   <p profile="urn:x-profile:a:sv-SE:12">Information about product A.</p>
   <p profile="urn:x-profile:b:sv-SE:7">Information about product B.</p>
   <p profile="urn:x-profile:c:sv-SE:3">Information about product C.</p>
</doc>


                
                    None of the profiled p elements is
                    included in the resulting publication. This, of course, could be the desired
                    result, but more likely is that the profiles need to be preprocessed. One way
                    could be to prep the file going to translation, replacing any language/country
                    information in the URNs before translation. More flexible is to define the exact
                    preprocess according to need. For one thing, if the profiled node is not
                    relevant in the target localisation, the profile should remain unchanged[13].

                
                    It might be better to include every applicable profile localisation
                        directly in the above example, rather than replacing the original one during
                        preprocessing, as suggested by a reviewer of this paper. Or, if the profile
                        was always applicable, leave out the localisation altogether by using a
                        wildcard convention ( such as profile="urn:x-profile:a:*:12")
                        with suitable assertions when preprocessing. More complex localisation
                        requirements could be similarly handled (sv-SE
                            and de-DE, but not
                            en-GB, etc) using more complex
                        assertions.

                
                Also, the translators should be made aware of any processing requiring exact
                    values (most notably when using profiles for variable text in content); the
                    profile values in a localisation are far more important to
                    the translator than their corresponding URNs. The latter, then, need to be
                    mapped to any relevant values, including values resulting from localisation or
                    from some special processing (i.e. if the latest version of a profile is
                    preferred), before the original document is translated. The values can be placed
                    in a mapping document[14], provided to the translators but they'd almost certainly prefer
                    preprocessed documents where text variables such as the phrase
                    element in Variable Text include their values rather
                    than the URNs:

                <p>Information about product <phrase profile="A B C">A, B and C</>.</p>

                
                    This will not solve the grammatical problem. It simply helps translators
                        by showing the actual values rather than the URNs.

                
            
            
                The Grammatical Problem Solved

                The following sentence using a text variable will potentially cause problems
                    if the number of applicable profiles varies:

                        	
                            A single profile, say A, is uncomplicated to use in
                                a variable: A is the latest-generation
                                    diesel engine for the environmentally conscious driver.
                            

                        

                        	
                            A variable that might result from possibly multiple matching
                                profiles is more difficult: B and C are
                                    high-performance turbo engines for the
                                    demanding racing driver.
                            

                        

                    

                <p>The <phrase profile="A B C">is the latest generation diesel engine
for the environmentally conscious driver.</>.</p>

                Brute force solutions involving marking up inline content to identify
                    grammatical constructs might be manageable if only two need to be handled, if
                    Boolean constructs are accepted, for example, by using expressions such as
                        profile="(A AND NOT(B)) OR (B AND NOT(A))" for singular and
                        profile="A AND B" for plural form, but even this will quickly
                    become unmanageable for the writer.

                Far more useful is to add an abstraction layer that defines the
                        types of profiles, for example, diesel
                        engines or turbo engines. A mapping document might
                    define a group of profiles for the purpose, like so:

                <group>
		<profile>urn:x-profile:abc</profile>
		<included>
  		<profile>urn:x-profile:a</profile>
  		<profile>urn:x-profile:b</profile>
  		<values>D5</values>
		</included>
  ...
</group>

                Here, all variants are called D5 but the value could just as
                    well be D Series Diesel Engine or something else. The point is
                    that the abstraction is needed to a) group the participating profiles into a
                    meaningful semantic group while b) keeping either singular
                    or plural form, but not both, regardless of the number of exact profiles
                    used.

                A different but useful way to solve the problem is to count the context
                    profiles in the root (one or more) and include markup to handle only the
                    grammatically relevant differences. Singular might be marked up as
                        <wrap context="s">is</wrap> and plural as
                        <wrap context="p">are</wrap> or similar.

            
        
    
    
        Out-of-line Profiling

        The profiling abstraction layer described above provides the basic ideas but more fun
            can be had. What if, for example, you needed to profile XML following a schema that you
            don't control? There are ID attributes but no profiling semantics. You can't change the
            schema directly and processing for local needs would be too expensive[15]?

        My immediate reaction when thinking about this was extended XLink.
            XLink (id-xlink) is an
            all-purpose linking standard that never really reached the level of acceptance I feel it
            deserves [16]. Among other things, the spec describes out-of-line
                links, that is, links that are described outside the resources they use,
            in linkbases. The linkbase lists locators that identify the start and end points of the links, and
                arcs that connect those points with each other. The
            spec allows for multi-ended links, which basically means that the link
            ends can be connected with each other in any combinations, as many times as
            needed.

        [image: Nordstrom01-002]
                
            
Figure 2.
        A linkbase (the blob to the left) lists locators and arcs that identify nodes and
            their relations in the document to the right. What's cool with extended XLink is that
            the link ends that participate in a link have no idea they are part of one. We can
            describe document semantics outside it.

        
            Extended Profiling

            Just as I can describe links outside the participant resources, I should be able
                to profile nodes in resources in a linkbase-like construct, like this:

            <linkbase>
  <locator href="doc.xml#id1" profile="URN1"/>
  <locator href="doc.xml#id1" profile="URN2"/>
  <locator href="doc.xml#id2" profile="URN1"/>
  ...
</linkbase>

            Two separate locators identify the two profiles for the node with
                    id1 in doc.xml, URN1 and
                    URN2, respectively. A third locator identifies a second node,
                    id2, with the profile URN1. This, essentially, is
                the mapping document I described above (see Editor), so throwaway values could
                easily be included, like so:

            <linkbase>
  <locator href="doc.xml#id1" profile="URN1" values="A B"/>
  <locator href="doc.xml#id1" profile="URN2" values="C"/>
  <locator href="doc.xml#id2" profile="URN1" values="A B"/>
  ...
</linkbase>

            With URNs identifying the document(s), it is easy to include proper version
                handling and match localisation values with their URNs, like so (this is not
                directly equivalent with the above):

            <linkbase>
  <locator href="URN-DOC:sv-SE:1#id1" profile="URN1:sv-SE:1" values="A"/>
  <locator href="URN-DOC:en-GB:1#id1" profile="URN1:en-GB:1" values="B"/>
  ...
  <locator href="URN-DOC:sv-SE:2#id1" profile="URN1:sv-SE:2" values="A C"/>
  ...
</linkbase>

            The first two locators describe version 1 of the document in Swedish and English
                containing the id1 node profiled with URN1, version 1, with localised
                values in Swedish (A) and English (B), respectively.
                The third locator describes the Swedish version 2 of the same document, profiled
                with version 2 of URN1 and updated values localised for Swedish (A
                and C).

            As with the inline profiling (see A Basic Solution), the URN profiles here can
                represent expressions.

            
                Basic Requirements for the Document

                Some requirements for that third-party document structure emerge:

                        	
                            The document must be XML.

                        

                        	
                            Any relevant node should be identified with IDs or some other way
                                to uniquely identify profiled nodes.

                        

                        	
                            For variable text, there should be a placeholder to
                                replace.

                        

                    

            
            
                XLink Roles and Titles Put to Use

                The XLink spec describes roles that can be
                    applied to other XLink semantics:

                
                    The value of the role or arcrole attribute must be a URI reference as
                        defined in [IETF RFC 2396], except that if the URI scheme used is allowed to
                        have absolute and relative forms, the URI portion must be absolute. The URI
                        reference identifies some resource that describes the intended
                        property.
                

                Sound familiar? A URN, of course, is a type of URI, so roles in XLink can do
                    more or less exactly what I have described above, except, of course, that there
                    can only be one URN per locator. That means that either a set of URN profiles is
                    described in a set of locators, with one URN per locator, or the URNs are
                    combined to other URNs as hinted in Combining Profiles. Of course, that
                    resulting URN is just a reference [that] identifies some resource that
                        describes the intended property, so we seem to be well within the
                    intentions of the spec.

                The spec also describes titles:

                
                    The title attribute is used to describe the meaning of a link or resource
                        in a human-readable fashion, along the same lines as the role or arcrole
                        attribute. 
                

                So, here's an XLink version of the above example (stripping namespace stuff
                    and such):

                <linkbase>
  <locator href="URN-DOC:sv-SE:1#id1" role="URN1:sv-SE:1" title="A"/>
  <locator href="URN-DOC:en-GB:1#id1" role="URN1:en-GB:1" title="B"/>
  ...
  <locator href="URN-DOC:sv-SE:2#id1" role="URN1:sv-SE:2" title="A C"/>
  ...
</linkbase>

                This, of course, is exactly what we need, and in processable form.

            
        
        
            Out-of-line Processing

            A lot of the required processing for out-of-line profiles is unchanged from the
                inline version (see Processing).
                Out-of-line links, whether they are done in linkbases or in overlay documents, add
                some processing and may present practical difficulties, but also hint at a different
                approach when creating or editing the profiles in the editor.

            
                Editor

                When profiling a document out-of-line, we are essentially editing a linkbase,
                    that is, a separate document. That document does not need to be edited using
                    full XML editing capabilities, only what's needed for locating the nodes and
                    profiling them. This suggests a DITA map-like approach. In quite a few XML
                    editors out there, there is a separate window or pane for editing DITA maps. It
                    is specialised and only needed to handle editing topicrefs and such.

                Similarly, a linkbase editor needs only include the necessary profiling
                    handling, adding locators to the linkbase using a function in the main editor
                    and then adding profiles in the linkbase editor. For editing existing locators,
                    it should be enough to click on them to locate the corresponding nodes in the
                    editor but remain in the specialised window when editing them.

                The remaining problem is a practical one: how does one visualise a profile in
                    the main editor window so that the user can easily spot any profiled content.
                    Here, a processing instruction might suffice if the editor has trouble
                    populating the document tree from more than one source.

            
            
                Schematron Uses

                Schematron can be used to validate the resulting profiled content and to
                    generate PIs in the target document to indicate profiles, but also to generate
                    the linkbase itself, if the rules describing what can be profiled and how are
                    formalised. If the target document doesn't contain IDs, a schematron-like
                    reporting function implemented in the specialised editor can be used to identify
                    nodes using XPath expressions.

            
            
                Variable Text

                Variable text is more difficult to implement properly out-of-line, not because
                    of the out-of-line approach itself but because we don't necessarily control the
                    document. The language must be such that the profile value naturally fits into
                    the text flow.

                If profiling content we don't control, the problem is mostly beyond our
                    control. If there are placeholders, the problem can be solved, but if not, while
                    we can pinpoint a location using a variety of means (anything from a PI to
                    XPointer comes to mind) variable text when profiling out-of-line should probably
                    not be attempted if we don't control the content.

            
            
                The Grammatical Problem Revisited

                The grammatical solution suggested in The Grammatical Problem Solved is
                    even easier to handle in a linkbase, as the profiles are all in one place,
                    regardless of how many modules they are used in. They can easily be preprocessed
                    by wrapping selected groups in abstractions (grouping profiles under a single
                    label), counting them, and otherwise producing any relevant information about
                    them when publishing a document.

                A reviewer of this paper commented: Instead of storing the variable
                        text only and using additional wrap element for the grammatical relevant
                        differences, why not store the whole grammatical phrase as variable text?
                    

                This is perhaps an easier solution for an author to handle than the one I
                    started out with, but one that will cause the duplication of any surrounding
                    grammatical phrases and likely reintroduce copy-paste editing when authors
                    include the complete phrases with the variant information, rather than only the
                    product variants themselves. Applying this on the sentence from The Grammatical Problem Solved,
                    we might end up with a number of variants, almost but not quite copies of each
                    other:

                
                    	
                        A is the latest-generation diesel engine
                                for the environmentally conscious driver.

                    

                    	
                        B is the latest-generation diesel engine
                                for the environmentally conscious driver.

                    

                    	
                        C is the latest-generation diesel engine
                                for the environmentally conscious driver.

                    

                    	
                        A and B are the latest-generation diesel
                                engines for the environmentally conscious driver.

                    

                    	
                        B and C are the latest-generation diesel
                                engines for the environmentally conscious driver.

                    

                    	
                        A, B and C are the latest-generation
                                diesel engines for the environmentally conscious
                            driver.

                    

                

                And so on, for any permutations that may arise. The conclusion, in my mind, is
                    obvious: any more complex sentences involving named
                    variants in this manner should probably be avoided in favour of a more generic
                    label (say, diesel engine or D, in this case) in
                    any real-world document.

            
        
    
    
        End Notes

        
            In Or Out Of Line?

            Inline (meaning placed in the physical XML file) profiles can be
                messy. If new profiles need to be added to an otherwise unchanged XML file, it must
                nevertheless be edited to include those new profiles. In a system with version
                handling and modularisation, this frequently means that a profile change will result
                in that any module referring to the edited XML file must also be updated.

            Moving the profiles out of line, to a linkbase, immediately solves this problem.
                With the profiles stored outside the physical XML files, the files only need to be
                edited if their contents (beyond the profiling information) are changed. Adding or
                editing profiles requires changing the linkbase, not the XML modules.

            On the other hand, inline profiles are easy to display and highlight in an editor
                simply by adding some CSS. Out of line, there needs to be some kind of interaction
                between the editor and the linkbase. This may or may not be practical for an author,
                depending on the situation, and may be difficult to implement.

            So which one is better? Leaving aside the implementation considerations for a
                moment, in a highly modularised[17] document management environment where each module is individually
                version handled for full traceability, moving the profiles out of line should be
                considered, especially if editing a module always means that it must be checked out
                and its version updated. A simple profile update inline could require updating not
                only the current module and its translations, but also any module that links to the
                current module, plus their translations.

        
        
            I'm Not Alone

            The techniques used when profiling and filtering, of course, are quite common.
                I've mentioned DITA as an example, but the same principles are found everywhere.
                DocBook's profiling attributes (arch, os, etc) come to
                mind, as do the more generic role attribute found in many
                schemas.

            Indirection techniques to handle renaming are, of course, not uncommon, and are
                used in both XML-based systems and outside them. For a comprehensive, and, in many
                ways, different, profiling mechanism, have a look at the S1000D technical
                documentation specification's applicability model (see id-s1000d-applic-model
                for an introduction, or download the S1000D spec itself at id-s1000d-home).

            The S1000D applicability model is frequently implemented by S1000D vendors in the
                so-called S1000D Common Source Database (CSDB) using a certain
                level of indirection. There is a product lookup database that is set up to manage
                and map product semantics with values (such as aircraft manufacturer names, product
                serial numbers and so on), including versioning. S1000D also includes an assertion
                mechanism, implemented to varying degrees by vendors.

            Finally, it should be noted that the S1000D applicability model may use
                out-of-line profiling, for example, to manage inline filtering conditions.

        
        
            Thank You

            My sincerest thanks must go to the reviewers of this paper.  I have attempted to
                update the paper accordingly, trying to clarify, expand and remove content as
                suggested by the many helpful comments. Any mistakes, omissions and
                misunderstandings are solely mine, however.

            A far better title than the one originally supplied by me was kindly provided by
                the Balisage program committee.  My original title, I feel, is best left
                unmentioned, but for the new one, my heartfelt (and relieved) thanks must go to
                Tommie & Co. 

        
    
    
        References

        [id-dita] DITA audience Attribute http://docs.oasis-open.org/dita/v1.2/os/spec/langref/audience.html#audience

        [id-urn] Uniform Resource Names (URN) Namespace Definition Mechanisms 
                http://www.ietf.org/rfc/rfc3406.txt

        [id-idso-sch] Schematron ISO
                standard http://standards.iso.org/ittf/PubliclyAvailableStandards/index.html

        [id-xsdassertions] XML Schema 1.1 Structures
                (Assertions) http://www.w3.org/TR/xmlschema11-1/#cAssertions

        [id-xlink] XML Linking Language (XLink) Version
                1.1 http://www.w3.org/TR/xlink11/

        [id-prescod] XLink: behavior must
                go! http://www.biglist.com/lists/xsl-list/archives/199905/msg00218.html

        [id-s1000d-home] The S1000D Web
                Site http://public.s1000d.org/Pages/Home.aspx

        [id-s1000d-applic-model] S1000D Applicability Model http://www.ataebiz.org/forum/2008_ata_e-biz_forum_agenda/Applicability_vanRotterdam.pdf

    
Notes
This is one of the basic problems with profiling that this paper
                                attempts to address.

                        
View note in Notes section
The audience construct is more complex than that, but this suffices as an
                        example.

                
View note in Notes section
The resulting attribute value is a string, for example,
                            Grupp_B_Produkt_C.

                
View note in Notes section
With unprofiled content always being included.

                    
View note in Notes section
For example, the node might be an illustration showing a product
                            variant (A) configured with a specific accessory
                                (B), so it would only make sense to include the
                            illustration in the published document if the publishing context
                            included both A and B.

                    
View note in Notes section
For a moment ignoring the differing grammatical requirements imposed in
                        variable text.

                
View note in Notes section
Quite possibly, there might be other parameters to alter the basic profile
                        in some way.

                
View note in Notes section
A product may be partly or completely revised, yet retain its product
                        name. Consider, for example, Apple's product naming strategy for tablets and
                        laptops.

                
View note in Notes section
Even though the product may be unchanged and the marketing department
                        decide on a new name, without changing the basic semantic profile, there is
                        no way of knowing when the name change occurred.

                
View note in Notes section
Although it would result in having to check what exact
                                    semantics the later version represents. On the other hand, if
                                    profile semantics are versioned, it should be easy to bind
                                    specific versions to specific functionality.

                            
View note in Notes section
An added bonus is that in this case, the URN handling APIs are already
                            in place.

                    
View note in Notes section
The document that is profiled remains valid, of course.

                    
View note in Notes section
Or the node removed; translators should not have to see it.

                    
View note in Notes section
Or in values throwaway attributes, depending on the
                            situation.

                    
View note in Notes section
Agreed, this is a contrived example. I never really bought that classic
                    namespacing argument, what if you need to import a foreign namespace into
                        yours?
                

            
View note in Notes section
The lack of a processing model while including behavioural attributes is a
                    frequent criticism and arguably pertains to my suggested use, here. See, for
                    example, Paul Prescod's XLink: behavior must go! (id-prescod).

            
View note in Notes section
With multiple reuse levels or significant numbers of reusable modules, or
                        both.

                
View note in Notes section

	[1]This is one of the basic problems with profiling that this paper
                                attempts to address.

                        

	[2]The audience construct is more complex than that, but this suffices as an
                        example.

                

	[3]The resulting attribute value is a string, for example,
                            Grupp_B_Produkt_C.

                

	[4]With unprofiled content always being included.

                    

	[5]For example, the node might be an illustration showing a product
                            variant (A) configured with a specific accessory
                                (B), so it would only make sense to include the
                            illustration in the published document if the publishing context
                            included both A and B.

                    

	[6]For a moment ignoring the differing grammatical requirements imposed in
                        variable text.

                

	[7]Quite possibly, there might be other parameters to alter the basic profile
                        in some way.

                

	[8]A product may be partly or completely revised, yet retain its product
                        name. Consider, for example, Apple's product naming strategy for tablets and
                        laptops.

                

	[9]Even though the product may be unchanged and the marketing department
                        decide on a new name, without changing the basic semantic profile, there is
                        no way of knowing when the name change occurred.

                

	[10]Although it would result in having to check what exact
                                    semantics the later version represents. On the other hand, if
                                    profile semantics are versioned, it should be easy to bind
                                    specific versions to specific functionality.

                            

	[11]An added bonus is that in this case, the URN handling APIs are already
                            in place.

                    

	[12]The document that is profiled remains valid, of course.

                    

	[13]Or the node removed; translators should not have to see it.

                    

	[14]Or in values throwaway attributes, depending on the
                            situation.

                    

	[15]Agreed, this is a contrived example. I never really bought that classic
                    namespacing argument, what if you need to import a foreign namespace into
                        yours?
                

            

	[16]The lack of a processing model while including behavioural attributes is a
                    frequent criticism and arguably pertains to my suggested use, here. See, for
                    example, Paul Prescod's XLink: behavior must go! (id-prescod).

            

	[17]With multiple reuse levels or significant numbers of reusable modules, or
                        both.
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            Abstract
While XPath is universally considered the critical intersection of XSLT and
                XQuery, until recently it lacked some essential capabilities of a full-pledged
                programming language. 

            Although not obvious from the W3C specifications, this paper demonstrates some of
                the new, crucial features of XPath 3.0 that make it a truly complete, standalone,
                modern XML programming language. 

            
                Among others, the benefits of host-language-independent XPath 3.0 programming include 
                the elimination of the need for redundant “per host language” programming and the ability 
                to specify XPath callable units with true copy and paste portability between different 
                host languages, such as XSLT and XQuery.
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        1. Is XPath  1.0 a full programming language?

         Does XPath 1.0[]  have all necessary features to be
            used as a complete, self-sustained programming language? 

        
            The facts summarized in this table show that XPath 1.0  lacks many important features 
            of a programming language.
        

        
            Table 1
                	Capability	Presence	Remarks

            
            
                
                    	Define variables	No.
                    	Variables references can be part of XPath 1.0  expressions, 
                        but such variables must be defined by the host language 
                        (various PLs, DOM, or XSLT[]).
                    
                

                
                    	Define and use range/outer-context variables.	No.
                    	In an XSLT context the function current() provides a limited capability 
                        of an outer-context variable.
                    
                

                
                    	Define its own functions.	No.
                    	Only XPath system functions or functions defined in the host-provided context 
                        (such as generate-id() ) can be referenced.
                    
                

                
                    	Work with sequences of items.	No.
                    	Only the notion of a nodeset is defined. No support 
                        for sequences containing a non-node, or of nodes that can occur 
                        more than once and/or in any order.
                    
                

                
                    	Define own callable units.	No.
                    	 
                

                
                    	Specify that a function should be executed on every selected node.	No.
                    	 
                

                
                    	Strong typing.	No.	XPath 1.0 is a weakly-typed language.
                

            
        



        

    
    
        2.	Is XPath  2.0 a full programming language?

         Does XPath 2.0[] have all necessary features to be used as a complete,
            self-sustained programming language? 

        
            The facts summarized in this table show that XPath 2.0, while having strong typing, 
            the capability to define its own variables and operations on sequences, 
            still lacks some important features of a programming language, 
            such as its own callable units of execution.
        

        
              Table 2
                	Capability	Presence	Remarks

            
            
                
                    	Define variables.	Yes, but limited.
                    	Variables can be defined within an XPath 2.0 expression. 
                        It is impossible to define a variable whose value is a sequence.
                

                
                    	Define and use range/outer-context variables.	Yes.
                    	 
                

                
                    	Define its own functions.	No.
                    	Only XPath system functions or functions defined in the host-provided context 
                        (such as functions defined in XSLT[] or in XQuery[]) can be referenced.
                

                
                    	Work with sequences of items.	Yes.
                    	XPath 2.0 supports sequences whose items can be non-nodes, 
                        or  nodes that can occur more than once and/or in any order.
                

                
                    	Define own callable units.	No.
                    	 
                

                
                    	Specify that a function should be executed on every selected node.	Yes.
                    	/a/b/c/string-length()    is legal
                

                
                    	Specify that a function should be executed on every item in a sequence.	No.
                    	While /a/b/c/string-length() is legal, it isn’t allowed to use: 
                        ('London', 'New York', 'Paris')/string-length()
                    
                

                
                    	Strong typing.	Yes.
                    	XSD type constructors, cast as,  castable as,  instance of
                    
                

            
        


  
        

    
    
        3. The Function Library Author’s Dilemma

         There are examples of useful function libraries that have a separate version for
                XSLT2.0[] and a separate version for XQuery[]. There are other function libraries, written only for use in
            one of these two languages. A real-world example of a function library with both XSLT
            and XQuery versions is the FunctX library
                by Priscilla Walmsley[]. 

        
            While a function library author has the goal to produce his library for the widest possible audience, 
            writing one separate version of the library for XSLT 
            and another separate version for XQuery is problematic:
        

        
            	
                
                    The time required to produce two versions of the library – for use from two different languages, 
                    may be significantly (up to twice) bigger than the time for producing a single version.
                

            

            	
                
                    If the time necessary to produce two different versions of the library 
                    could be used for producing only one version, then more functions 
                    could be written and included in this library.
                

            

            	
                
                    Having two versions for the same set of functions is redundant 
                    and results in all anomalies of redundancy.
                

            

            	
                
                    Maintaining two different versions of the same set of functions 
                    is challenging – it is difficult to maintain the two versions in synch, 
                    and the required time to do so is significantly greater than maintaining a single library.
                

            

        

        
            Due to these problems, some libraries would only have one single version. The libraries
            that have two versions
            could have included more useful functions, or could have become available sooner,
            if they had been written in a single version only.
        

        
            “Copy and paste portability” has never been achieved with XPath 2.0 to the extent to be really useful, 
            because the language lacks the ability to define its own callable units 
            and because it cannot define its own variables that contain a sequence, and it isn’t possible to produce 
            a new XML document / node by an XPath 2.0 expression.
        

        

    
    
        4. New capabilities in XPath 3.0

        
            The next table shows some of the significant new features of XPath 3.0[]:
        

        
                Table 3
                	Capability	Presence	Remarks

            
            
                
                    	Define variables	Yes.
                    	In addition to the variable definition available in XPath 2.0, 
                        XPath 3.0 makes it possible to define in a “let clause” 
                        a variable whose value is a sequence.
                    
                

                
                    	Define and use range/outer-context variables.	Yes.
                    	As in XPath 2.0.
                

                
                    	Work with sequences of items.	Yes.
                    	As in XPath 2.0.
                

                
                    	Define own callable units.	Yes.
                    	Inline function items.
                

                
                    	Specify that a function should be executed on every selected node.	Yes.
                    	As in XPath 2.0.
                

                
                    	Specify that a function should be executed on every item in a sequence.	Yes.
                    	The   !   (simple mapping) operator.
                

                
                    	Strong typing.	Yes.
                    	As in XPath 2.0.
                

                
                    	Define its own functions.	Yes.
                    	This is one of the most significant new features of XPath 3.0, 
                        based on the “function item” type as defined in the XDM[].  
                        Only “inline function items” (anonymous functions) can be defined. 
                        Typically, these are defined as the content of a variable, 
                        which then can be used as a function.
                    
                

                
                    	Higher Order Functions (HOFs).	Yes.
                    	A function item is a first class object. It can be passed as a parameter 
                        or returned as a result of calling a function. It is possible to express 
                        such well-known FP techniques as functional composition, partial function application, 
                        creation of closures.
                    
                

                
                    	Can recursive anonymous functions be specified within an XPath expression?	Yes.
                    	Shown later in this paper.
                

                
                    	Can robust recursion of anonymous functions be implemented?	Yes.
                    	Shown later in this paper.
                

                
                    	Can a new XML document or node be created within an XPath expression?	Yes.
                    	Shown later in this paper.
                

                
                    	Can new data types be created in an XPath expression?	Yes.
                    	Shown later in this paper.
                

            
        


  
        
            In the next sections we give examples of using XPath 3.0 to specify functional composition, 
            partial application, closures, anonymous function recursion and robust recursion. 
            Then we provide an example of specifying a new data type – the Binary Search Tree. 
            We show how a new XML document can be created with an XPath 3.0 expression. 
            Finally, we provide an example of a complete XML processing application written entirely in XPath.
        

        

        
        
            4.1 Creating and using an anonymous function in an XPath
                    expression. HOFs.

             In XPath 3.0 one can define inline (anonymous) functions and then provide
                arguments for their execution in a function call simply like this:
                

let $incr := 
       function($n) {$n+1}
 
  return $incr(2)
                

                Or, as recommended alternative, define the same function in a strongly typed way:
                

    let $incr :=
          function($n as xs:integer) as xs:integer
            {
              $n +1
            }
      return
        $incr(2)
                

                When either of these two expressions is evaluated, the result is: 3. 

            
                The remaining examples in this paper use strong
                    typing. 

             The ability to define a function as a pure XPath 3.0 expression is one of the
                most important additions to the XPath Data Model (XDM)[].

            The function has no name and is the value of the $incr variable. The
                function definition has a strongly typed argument and a strongly typed result – in
                this case both the argument and the result must be of type xs:integer.  

            The body of the function is an XPath expression of type
                xs:integer

            The scope of the function is the let clause where it is defined and the
                corresponding return clause. 

            Most importantly, in XPath 3.0 one can define Higher-Order Functions (HOFs)[].
                By definition, a higher order function has an argument which itself is a function,
                or produces a function as its result.  

             Here is a complete example of defining and calling a HOF within an XPath
                expression: 

            
   let $process :=
             function($s as xs:string, $fun as function(xs:string) as xs:string)
                 as xs:string
            {
              $fun($s)
            },

        $lower :=
          function($s as xs:string) as xs:string
            {
              lower-case($s)
            }
         ,
         $reverse :=
          function($s as xs:string) as xs:string
            {
              codepoints-to-string(reverse(string-to-codepoints($s)))
            }
      return
         ('lower: ', $process('HELLO', $lower),
          ', reverse: ', $process('HELLO', $reverse))
            

             The function $process()takes two arguments: a string, and a function
                that takes a string and produces a string. The result returned by
                    $process()is a string. 

             Then, in the same let clause two functions are defined, each taking
                a string and producing a string: $lower() and $reverse(). 

             In the return clause $process() is called twice, with “HELLO” as the
                same first argument, and with the $lower() function as the second
                argument in the first call to $process() and $reverse()
                function as the second argument in the second call to $process(). 

             When the above expression is evaluated, the result is:
                
lower:  hello , reverse:  OLLEH

        
        
            4.2 Function composition

            
                By definition, the functional composition[] of two functions g(x) and h(y)
                is a third function   f(x)  such that   f(x) = h(g(x))
            

            
                We can specify a function, which takes as its parameters two other functions, 
                and produces as its result the functional composition of its two arguments:
                

        $compose :=
             function($f as function(), $g as function())
                 as function()
            {
              function($x as item()*)
              {
                $g($f($x))
              }
            }
                

            
                And we can use the so defined function in the following expression:
                

    let $compose :=
             function($f as function(), $g as function())
                 as function()
            {
              function($x as item()*)
              {
                $g($f($x))
              }
            },

        $lower :=
          function($s as xs:string) as xs:string
            {
              lower-case($s)
            }
         ,

         $reverse :=
          function($s as xs:string) as xs:string
            {
              codepoints-to-string(reverse(string-to-codepoints($s)))
            }

      return
               $compose($reverse, $lower)('HELLO')
                

            
                The result of evaluating this expression is:
                
olleh

        
        
            4.3 Partial application of a function

            
                One definition of partial application[] is the following:


“Partial function application is the ability to take a function of many parameters 
and apply arguments to some of the parameters to create a new function that 
needs only the application of the remaining arguments to produce the equivalent 
of applying all arguments to the original function.”



        
            
                XPath 3.0 has a natural way of specifying partial application.
                
f(3, ?)
 
                is a new function g(x), such that for all allowed values of x 
                the following holds:
                
g(x) = f(3, x)

             Using partial application, we can re-define the increment() function
                in the following way:
                

    let $plus :=
          function($m as xs:integer, $n as xs:integer) as xs:integer
          {
            $m + $n
          },
          
        $incr :=
          function($n as xs:integer) as xs:integer
          {
            $plus(1, ?)($n)
          }
        return 
            $incr(2)
                

                When this XPath 3.0 expression is evaluated, the result is 3. 
            

             In the above expression the partial application of $plus() on
                binding its first argument to 1 is defined simply as:
                
$plus(1, ?) 
 
                The ‘?’ character is
                called argument placeholder and is used to denote
                free (still not bound) arguments. 

         
        
        
            4.4 Closures

            By definition “a closure[] is a function produced by
                    another function and the produced function contains data from the producing
                    function.” 
            

             Here is a complete example:
                

    let $greet :=
           function($greeting as xs:string)
               as function(xs:string) as xs:string
                  {
                    function($name as xs:string) as xs:string
                          {
                             $greeting || $name || '! '
                          }
                  },
         $hello := $greet('Hello: ')
                  
          return
            ($hello ('John'), $hello ('Peter') )
              

                Note that the outer function  $greet() returns as its result the inner
                function and injects into the body of the inner function some of its own (outer
                function’s) data –  the value of its  $greeting  argument. 
            

             When the above expression is evaluated, the result is:
                
Hello: John! Hello: Peter! 

             Here is another example. Let’s have this XML document: 
                    
<Books>
	<Book>
		<Title>Six Great Ideas</Title>
		<Author>Mortimer J. Adler</Author>
	</Book>
	<Book>
		<Title>The Society of Mind</Title>
		<Author>Marvin Minsky</Author>
	</Book>
</Books>
                

             We want to have a function that has only one argument – a book’s title and
                returns the author of the book with this title. Somehow this function should have
                the above XML document already injected in its definition:
                

   let $lookup :=
          function($books as element())
             as function(xs:string) as xs:string?
           {
            function($bookTitle as xs:string) as xs:string?
            {
              $books/Book[Title eq $bookTitle]/Author
            }
           },
           
      $author := $lookup(/Books)
      
       return
          $author('The Society of Mind')
                

                The wanted function ($author()) is created by the function
                    $lookup() by injecting into it some of its own content – the top
                element of the XML document to be searched. The result is:
                
Marvin Minsky

        
        
            4.5 Can Anonymous functions be
                recursive?

             Such a question seems odd – if a recursive function[] is one that calls itself by
                name, then how can an anonymous function be recursive, having no name? 

             This seems to be a stopping problem when trying to write XPath 3.0 inline
                function items that process long sequences or other, recursive data structures. So
                serious a problem, that some people[][] even raised the question of amending
                the XPath Data Model and altering the XPath 3.0 syntax in order to allow an
                anonymous function to call itself. 

            As it turns out, a natural solution exists, without the
                    need to change anything[]. 

             Let us take a concrete problem: Write an XPath 3.0 inline function, that given a
                positive integer n, produces the value of n! (The
                factorial of n). 
            
 
             As a first attempt, let us analyze this code:
                
          let $f := function($n as xs:integer,
              $f1 as function(xs:integer) as xs:integer
              ) as xs:integer

              {
                 if($n eq 0)
                    then 1
                    else $n * $f1($n -1, $f1)
              }
              return
                $f(5, $f)             
              

                What happens here?
            

            
                An inline function cannot call itself by name, because it doesn’t have a name.
                What we still can do, though, is to pass the function as an argument to itself.
            

             The only special thing to notice here is how the processing is initiated:
                
$f(5, $f)
 calling the function and passing it to
                itself. 
            

             Such initiation may seem weird to a caller and is also error-prone. This is why
                we need to further improve the solution so that no weirdness remains on the surface:
                
let $f := function($n as xs:integer,
                   $f1 as function(xs:integer,
                                   function()) as xs:integer
                   ) as xs:integer
             {
               if($n eq 0)
                 then 1
                 else $n * $f1($n -1, $f1)

              },

    $F := function($n as xs:integer) as xs:integer
            {
               $f($n, $f)
            }
   return
           $F(5)

                Thus we produced an inline, anonymous function $F, which given an
                argument $n, produces $n!
            

        
        
            4.6 Robust Recursion

             While the described recursion technique works well with relatively small values
                    for n, we run into problems when n becomes bigger. 

            
                Let’s see this based on another example – calculating the sum
                    of a sequence of numbers:
                
  let $f := function($nums as xs:double*,
                     $f1 as  function(xs:double*, function()) 
                               as xs:double
                   ) as xs:double
             {
              if(not($nums[1]))
                 then 0
                 else $nums[1] + $f1(subsequence($nums,2), $f1)
              },

    $F := function($nums as xs:double*) as xs:double
            {
                $f($nums, $f)
            }
   return
           $F(1 to 10)

                This calculates correctly the sum of the numbers 1 to 10 –
                the result is: 
55
 However, if we try:
                
$F(1 to 100)

                the result is the following Saxon 9.4.6EE exception:
                        
Error on line 22
Too many nested function calls. May be due to infinite recursion.
Transformation failed: Run-time errors were reported

             So, what happens here? Most readers would have guessed by now — our old Stack Overflow (not the site) exception. 

             Is there any way to avoid this exception? 

             One could rely on the smartness of the XSLT processor to do this. A slight
                fraction of XSLT processors recognize a limited kind of tail
                    recursion and implement it using iteration, thus avoiding recursion. 
            

            
                Let us refactor the above code into a tail-recursive
                    one (the last thing the function does is invoke a function):
                
 let $f := function($nums as xs:double*,
                    $accum as xs:double,
                    $f1 as  
                           function(xs:double*, xs:double, function())
                               as xs:double
                    ) as xs:double
             {
              if(not($nums[1]))
                 then $accum
                 else $f1(subsequence($nums,2), $accum+$nums[1], $f1)
              },
    $F := function($nums as xs:double*) as xs:double
          {
             $f($nums, 0, $f)
          }
  return
     $F(1 to 100)

            
                Saxon[Saxon] is well-known for carrying out tail-recursion optimization, 
                however it still raises the stack-overflow exception for the above, tail-recursive code. 
                Why?
            

             Here is the Wikipedia definition[] of tail recursion: 

            
              “In 
                        computer science, a tail call is a subroutine
                     call that happens inside another procedure as its final action; it
                    may produce a return value which is then immediately returned
                     by the calling procedure. The 
                        call
                            site is then said to be in tail
                        position, i.e. at the end of the calling procedure. If any call
                    that a subroutine performs, such that it might eventually lead to this same
                    subroutine being called again down the call chain, is in tail position, such a
                    subroutine is said to be tail-recursive”
            


             At present, the XSLT/XPath processors that do recognize some kind of tail
                recursion typically do so if a function/template calls itself by
                    name. 

            
                There is no record that any of them handles the case when the tail call is to another function
                (Michael Kay, author of Saxon[], shared on the Saxon mailing list that Saxon correctly 
                handles any type of tail calls (not only calls to the same named template) for templates, 
                but doesn’t do so in the case of functions).
            

            
                So, what can we do in this situation? One decision is to wait until some processor starts 
                handling any type of tail call inside functions.
            

             Fortunately, there is another option: use the DVC (Divide
                    and Conquer) technique[] for minimizing the maximum depth of nested
                recursion calls. 

            
                The idea is to split the sequence into subsequences (usually two) of roughly the same length, 
                recursively process each subsequence, and then combine the results of processing 
                each individual subsequence.
            

            
                Here is the above code, re-written [] to use DVC:
                
let $f := function($nums as xs:double*,
                   $f1 as function(xs:double*, function())
                             as xs:double
                   ) as xs:double
             {if(not($nums[1]))
                 then 0
                 else if(not($nums[2]))
                        then $nums[1]
                        else
                         let $half := count($nums) idiv 2
                          return
                            $f1(subsequence($nums,1, $half), $f1)
		             +
		               $f1(subsequence($nums, $half+1), $f1)
              },

    $F := function($nums as xs:double*) as xs:double
            {
                $f($nums, $f)
            }
  return
    $F(1 to 10000)                

             Sure enough, this time we get the result without any exception being thrown:
                
5.0005E7

             Using this technique, the maximum recursion depth is Log2(N) — thus
                for processing a sequence with 1M (one million elements) the maximum
                recursion depth is just 19. 

            
                Thus, the DVC technique is a tool that can be immediately used
                    to circumvent the lack of intelligence of current XPath 3.0 processors when
                    dealing with tail-call optimization. 

            

        
        
            4.7 Producing a new XML document or
                element

             Can an XPath expression produce a new XML document? Say, from the Books XML
                document used before, can an XPath expression produce this XML document:
                
<Person>Marvin Minsky</Person>                

                    “No way!” will tell you any XPath specialist.
                And they would be right for XPath 1.0 or 2.0. 

            
                Remarkably, we can produce the above new XML document with the
                    following XPath 3.0 expression:
                
parse-xml(concat('<Person>', (//Author)[last()], '</Person>')) 

             When this XPath 3.0 expression is evaluated, the result is:
                
 <Person>Marvin Minsky</Person>

             To see that we have really produced a new document we evaluate this expression:
                
parse-xml(concat('<Person>', (//Author)[last()], '</Person>'))/*/text()

                and sure enough, the result is: 
Marvin Minsky

        
    
    
        5.	Complete XPath 3.0 modules and applications

        
            We now have the necessary knowledge to produce a complete module or XML processing 
            application within a single XPath 3.0 expression.
        

        
            The problem we are solving in this chapter is to define a new data-type – 
            the Binary Search Tree (BST). The code is implemented entirely in XPath. 
            An advantage of an “XPath-only” definition is that it can be used (hosted) in 
            many programs—it can be hosted in XSLT programs, in XQuery programs, 
            and in any other programming language that hosts XPath. Thus “XPath-only” 
            data-type definitions or, more generally, libraries of XPath functions, 
            are highly portable and reusable.
        

         A BST[] as defined here can process an XML document and represent its data as a
            binary search tree. A BST can implement “find/insert/delete a node” operations much more
            efficiently (with logarithmic time complexity) than in the case when the nodes are
            processed in a linear fashion. 

        
        
            Table 4Brief efficiency analysis


                	
                     It is a well-known, proven fact that find/insert/delete operations in a
                        balanced binary tree can be implemented with time complexity of
                            O(log2N). 

                     When processing in a linear fashion two sequences of data items:
                            seq1 and seq2 and if seq2 is
                            1000000(1M) times longer than seq1, the time
                        for processing seq2 is around one million times bigger, than
                        the time for processing seq1. 

                     Compare this to having two balanced binary search trees bst1
                        and bst2, where bst2 has 1000000 (1M)
                        times more data items (nodes) than bst1 – in this case the time
                        to process bst2 is only 19 times bigger than the
                        time for processing bst1. 

                
            

        



         In the rest of this paper we are solving this real-world problem: Find all bank transactions within a given range of dates. 

        
            Example: the following XML document contains a list of
            bank transactions (withdrawals and deposits). Each transaction is stamped with a date.
            The transactions are in no particular chronological order: 
 <Transactions>
        <transaction date="2012-03-01">
                <withdrawal>100</withdrawal>
        </transaction>
        <transaction date="2012-01-15">
                <deposit>200</deposit>
        </transaction>
        <transaction date="2012-05-01">
                <deposit>100</deposit>
        </transaction>
        <transaction date="2012-02-01">
                <withdrawal>50</withdrawal>
        </transaction>
        <transaction date="2012-06-01">
                <deposit>100</deposit>
        </transaction>
        <transaction date="2012-04-01">
                <deposit>100</deposit>
        </transaction>
        <transaction date="2012-01-01">
                <deposit>25</deposit>
        </transaction>
</Transactions>            
 If we could represent the above XML document as a
            binary search tree where for each node (transaction), the date of its left child
            (transaction) node is less than the (parent) node’s date and the date of its right child
            (transaction) node is greater than the (parent) node’s date. Then such a binary search
            tree be graphically represented as below: 
                
                    [image: ../../../vol10/graphics/Novatchev01/Novatchev01-001.png]
                
            
        

        
            Problem: Find all the transactions in the range
            2012-03-15 to 2012-05-15. 

        
            This problem can be solved efficiently now that the transactions are stored in a binary tree. 
            (The more balanced the binary search tree is, the more efficient is a BST-based solution.)
        

        
            The following pseudo-code (an initial version of which and the code below was first produced by 
            Roger Costello []) that shows how to find the wanted transactions 
            (start date >= 2012-03-15, end date <= 2012-05-15):
        

        
          Return a sequence of the following nodes:
        

        
            If the value of the root node equals the start date, then:
            

                	
                    
                        The root node.
                    

                

                	
                    
                        The result of recursing on the right subtree.
                    

                

            

        
        
            If the value of the root node equals the end date, then:
            

                	
                    
                        The result of recursing on the left subtree.
                    

                

                	
                    
                        The root node.
                    

                

            

        
            If the value of the root node is between the start and end date, then:
            

                	
                    
                        The result of recursing on the left subtree.
                    

                

                	
                    
                        The root node.
                    

                

                	
                    
                        The result of recursing on the right subtree.
                    

                

            

        
            If the value of the root node is less than the start date, then:
            

                	
                    
                        The result of recursing on the right subtree,
                    

                

            

        
            If the value of the root node is greater than the end date, then:
            

                	
                    
                        The result of recursing on the left subtree.
                    

                

            

        
            Table 5XSLT/XQuery or XPath?


                	
                     The code in this chapter can be implemented using XSLT or XQuery -defined
                        functions. One would favor an XPath-only solution because: 

                            	
                                Implementation in more than one language (e.g. in both XSLT
                                    and XQuery) is often required.

                            

                            	
                                The XPath code can be shorter and easier to understand.

                            

                            	
                                The XPath solution can be injected into XSLT and/or XQuery
                                    code, with simple copy and paste.

                            

                        

                        Recommendation: Consider producing an
                        XPath-only solution or a library of functions, especially if there is even a
                        remote possibility that the functionality would be needed in more than one
                        XML processing language.

                
            

        



        
        $find-range-of-transactions :=
	         function( $tree as function()*,
	                   $start-date as xs:date,
	                   $end-date as xs:date
	                  )
	         {
	             $find-range-of-transactions-helper
	         				( $tree,
	               	 	   $start-date,
	                       	$end-date,
	                       	$find-range-of-transactions-helper)
	         }

            The function’s name is find-range-of-transactions. This is a recursive
            function. As shown previously, implementing recursion using anonymous functions requires
            a “helper” function. Here is the helper function
                find-range-of-transactions-helper():
            
$find-range-of-transactions-helper :=
	        function( $tree as function()*,
	                  $start-date as xs:date,
	                  $end-date as xs:date,
	                  $find-range-of-transactions-helper
	                  )
	                   as element(transaction)*
	        {
	            if (empty($tree)) then ()
	            else
	                if (xs:date($root($tree)/@date)  eq  $start-date) 
                       then
	                     (
	                        $root($tree),
	                        $find-range-of-transactions-helper
	                        	  ( $right($tree),
	                                $start-date,
	                                $end-date,
	                                $find-range-of-transactions-helper)
	                     )
	                    else  if (xs:date($root($tree)/@date)  eq  $end-date) 
                           then
	                          (
	                             $find-range-of-transactions-helper
	                             	  ( $left($tree),
	                                     $start-date,
	                                     $end-date,
	                                     $find-range-of-transactions-helper),
	                             $root($tree)
	                          )
	                        else
	                            if ((xs:date($root($tree)/@date)  gt  $start-date)
	                              and
	                                (xs:date($root($tree)/@date)  lt  $end-date)) then
	                              (
	                                  $find-range-of-transactions-helper
	                                   	 ( $left($tree),
	                                      	$start-date,
	                                      	$end-date,
	                                      	$find-range-of-transactions-helper),
	                                  $root($tree),
	                                  $find-range-of-transactions-helper
	                                 	   ( $right($tree),
	                                   	   $start-date,
	                                   	   $end-date,
	                                   	   $find-range-of-transactions-helper)
	                              )
	                            else
	                                if (xs:date($root($tree)/@date)  lt  $start-date) then
	                                  (
	                                      $find-range-of-transactions-helper
	                                      	  ( $right($tree),
	                                       	   $start-date,
	                                       	   $end-date,
	                                       	   $find-range-of-transactions-helper)
	                                  )
	                                else
	                                    if (xs:date($root($tree)/@date)  gt  $end-date) then
	                                      (
	                                           $find-range-of-transactions-helper
	                                          	   ( $left($tree),
	                                           	    $start-date,
	                                           	    $end-date,
	                                           	    $find-range-of-transactions-helper)
	                                      )
	                                    else ()
	         }

         As tree-nodes are inserted into the binary tree, a comparison is made between the
            tree-node being inserted and the tree’s root node. How should the comparison be done?
            That depends on the data-type of the items stored in a tree. Consequently, the “insert
            function” must be provided an appropriate “comparator function.” For our bank
            transactions example, the comparison is done based on the date attribute. Here is an
            appropriate comparator function:
            
$transaction-less-than-comparator :=
	 function($arg1 as element(transaction),
	          $arg2 as element(transaction)
	          ) as xs:boolean
	   {
	      xs:date($arg1/@date)  lt   xs:date($arg2/@date)
	   }    

        
            The value of the variable is an anonymous function. The function takes two arguments – 
            both transaction  elements – and returns true if the date of  the first transaction is less 
            than the date of  the second transaction.
        

        
            In this paper we define a binary search tree is a set of these functions:
            

                	
                    
                        create: create an empty tree.

                

                	
                    
                        root: return the value of the root
                        node.

                

                	
                    
                        left: return the left subtree.

                

                	
                    
                        right: return the right subtree.

                

                	
                    
                        empty: return true if the tree is empty,
                        false otherwise.

                

                	
                    
                        insert: insert an item into the tree, with
                        comparison done using a comparator (see above).

                

                	
                    
                        print: serialize the tree as XML
                        document.

                

                	
                    
                        populate: create a BST from a sequence of
                        items.

                

            

           Additionaly, one can define other useful functions on a BST, such as node deletion[].
        

         Below is the complete XPath code for both the BST type definition and the functions
            that use this data-type to actually solve the problem of finding all the bank
            transactions between a given start date and a given end date.
            
let
         (:
             The purpose of create is to return an empty tree.
         
             It returns a sequence of functions, 
                - the first function represents the root of a tree, 
                - the second function represents the left subtree, 
                - and the third function represents the right subtree. 
             The value of each function is an empty sequence.
         :) 
         $create := (
                     function() { () }      (: root :),
                     function() { () }      (: left :),
                     function() { () }      (: right :) 
                     ),
                     
                     
         (:
             empty() returns a boolean value,
             indicating whether $tree is empty.
         
             $tree is empty in either of these two cases:
             1. $tree is the empty sequence (it doesn't contain any functions). 
             2. $tree contains a sequence of three functions, but the first 
                  function - representing the root - is empty (i.e., if you invoke the 
                  first function it returns the empty sequence). 
         :)
         $empty := function($tree as function()*)
                   {
                        empty($tree) or empty($tree[1]())
                   },
                   
                   
         (:
             root()returns the value of the root node. 
         
             This function takes one argument, $tree. Since $tree 
             is represented by a sequence of functions, returning the 
             value of the root node actually means returning the value of   
             the function that corresponds to the root node.
         
             If $tree is empty then the empty sequence is returned. Otherwise 
             the *value* of executing the first function in $tree  is returned (recall 
             that a tree is represented by a sequence of functions, the first 
             function representing the root of the tree).
         
             Note: $tree[1] is the first function whereas
                        $tree[1]() is the *value* of executing the first function.
         :)
         $root := function($tree as function()*)
                  {
                      if ($empty($tree)) 
                         then ()
                         else $tree[1]()
                  },
                  
                  
         (:
             left()returns the left subtree. 
         
             This function takes one argument, $tree. Since $tree is represented 
             by a sequence of functions, returning the left subtree  
             actually means returning the value of executing the function that corresponds 
             to the left subtree.
         
             If $tree is empty then the empty sequence is returned. Otherwise 
             the *value* of executing the second function in $tree is returned (recall 
             that a tree is represented by a sequence of functions, the second 
             function representing the left subtree).
             
             Note: $tree[2] is the second function whereas
                        $tree[2]() is the *value* of executing the second function.
         :)
         $left := function($tree as function()*)
                  {
                      if ($empty($tree)) then ()
                         else 
                           if ($empty($tree[2])) then ()
                              else $tree[2]()
                  },
                  
                  
         (:
             right() returns the right subtree. 
         
             This function takes one argument, $tree. Since $tree is represented 
             by a sequence of functions, returning the right subtree actually 
             means returning the value of executing the function that corresponds to the
             right subtree.
         
             If $tree is empty then the empty sequence is returned. Otherwise 
             the *value* of executing the third function in $tree is returned (recall 
             that a tree is represented by a sequence of functions, the third 
             function representing the right subtree).
         :)
         $right := function($tree as function()*)
                   {
                        if ($empty($tree)) then ()
                        else 
                          if ($empty($tree[3])) then ()
                          else $tree[3]()
                   },
                   
                   
        (:
            As tree-nodes are inserted into a BST, a comparison is made between 
            the value being inserted and the value in the tree's root node. How should 
            the comparison be done? That depends on the type of the data contained in a tree-node.
            Comparing two integers is different than comparing two tree fragments.
            So, the insert function must be provided with an appropriate comparator. For 
            the case of bank transactions, a date comparison is needed.
            Here is an appropriate comparator function:
        :)
        $transaction-less-than-comparator :=
	        function( $arg1  as element(transaction),
	                  $arg2  as element(transaction)
	                 ) as xs:boolean
	        {
	              xs:date($arg1/@date) lt xs:date($arg2/@date)
	        },
                                                  
                                                  
         $numeric-less-than-comparator :=
	         function( $arg1 as xs:decimal,
	                   $arg2 as xs:decimal
	                  ) as xs:boolean
	         {
	               $arg1  lt   $arg2
	         },
                                           
                                           
         (:
             insert() takes a $tree (BST) and a $item and produces a new BST that is the result 
             of inserting $item as a tree-node in $tree.  A BST is a persistent (functional) data-type.
             Insertions or deletions are never done “in place” – instead a new BST is produced.       

             The new node is inserted at:
             - if $tree is empty then as root node.
             - if the value of $item is less than the value of  the root node then
               the new tree-node is inserted into the left subtree (note the recursive definition)
             - else the new tree-node is inserted into the right subtree (again note the recursive
               definition)
         
             Here are the steps taken if $tree is empty:
             - $item specified to be the result of  the  root function. That is, the root function, 
               if invoked, it returns $item. 
             - A left function is created such that, if invoked, will return an empty subtree.
             - A right function is created such that, if invoked, will return an empty subtree.
             
             The insert function is recursive. Recursion with anonymous functions requires
             a helper function as discussed before.
         :)
         $insert-helper :=
	         function( $tree as function()*,
	                   $item as item(),
	                   $less-than-comparator as function(item(), item()) as xs:boolean,
	                   $insert-helper
	                   )
	         {
	         if ($empty($tree)) then
	               (
	                     function() {$item}     (: root :),
	                     function() {()}        (: left :),
	                     function() {()}        (: right :)
	               )
	          else if ($less-than-comparator($item, $root($tree))) then
	               (
	                     function() {$root($tree)}                           	(: root :),

	                     function() {$insert-helper( $left($tree),
	                                                 $item,
	                                                 $less-than-comparator,
	                                                 $insert-helper)
	                                }   				                         (: left :),

	                     function() {$right($tree)}                          	(: right :)
	                )
	          else
	               (
	                     function() {$root($tree)}                          	 (: root :),
	                     function() {$left($tree)}                           	(: left :),

	                     function() {$insert-helper( $right($tree),
	                                                 $item,
	                                                 $less-than-comparator,
	                                                 $insert-helper)
	                                }      				                      (: right :)
	                )
	         },
                           
                           
         $insert :=
	         function ( $tree as function()*,
	                    $item as item(),
	                    $less-than-comparator as function(item(), item()) as xs:boolean
	                    )
	         {
	               $insert-helper($tree, $item, $less-than-comparator, $insert-helper)
	         },
                    
                    
         (:
             print() produces an XML document that represents the BST $tree. 
         
             The XML document produced by  print()  consists of:
             1. A root element that represents the value of executing the root function.
             2. A left element that represents the value of print() on the left subtree
                (note the recursive definition).
             3. A right element that represents the value of print() on the right subtree
                (note the recursive definition).

            The $print-helper function produces the markup
             as a string and then the $printer function converts
             this string into an XML document by calling the  parse-xml() function.
         :)
         $print-helper :=
	         function ( $tree as function()*,
	                    $print-helper
	                    ) 
	                     as xs:string?
	         {
	              if (not($empty($tree))) then
	              concat('<tree>',
	                       '<root>',
	                          $root($tree),
	                       '</root>',
	                        '<left>',
	                          $print-helper($left($tree),$print-helper),
	                        '</left>',
	                        '<right>',
	                          $print-helper($right($tree),$print-helper),
	                        '</right>',
	                     '</tree>'
	                      )
	             else ()
	          },
                          
                          
         $print := function ($tree as function()*)
                   {parse-xml($print-helper($tree, $print-helper))/*},
                   
                   
         (:
             populate() produces a new tree from its BST argument $tree by inserting
             the value of the head() of the sequence $items onto $tree and then inserting 
             the tail() of the sequence $items onto the result. 
         :)
         $populate-helper :=
	         function ( $tree as function()*,
	                    $items as item()*,
	                    $less-than-comparator as function(item(), item()) as xs:boolean,
	                    $populate-helper
	                    )
	         {
	             if (empty($items)) then $tree
	             else
	                  $populate-helper( $insert($tree, $items[1], $less-than-comparator),
	                                    $items[position() gt 1],
	                                    $less-than-comparator,
	                                    $populate-helper
	                                    )
	         },
                             
                             
         $populate :=
	         function( $tree as function()*,
	                   $items as item()*,
	                   $less-than-comparator as function(item(), item()) as xs:boolean
	                   )
	         {$populate-helper($tree, $items, $less-than-comparator, $populate-helper)},
                      
                      
        (:
           Finally, the solution of the original problem. 
           Task: find all the bank transactions in the range 2012-03-15 to 2012-05-15. 
         :)
        $find-range-of-transactions-helper :=
	        function( $tree as function()*,
	                  $start-date as xs:date,
	                  $end-date as xs:date,
	                  $find-range-of-transactions-helper
	                )
	                as element(transaction)*
	        {
	            if (empty($tree)) then ()
	            else
	                if (xs:date($root($tree)/@date) eq $start-date) then
	                     (
	                            $root($tree),
	                            $find-range-of-transactions-helper
	                        		        ( $right($tree),
	                                   	   $start-date,
	                                      	$end-date,
	                                     	 $find-range-of-transactions-helper)
	                     )
	                    else
	                        if (xs:date($root($tree)/@date) eq $end-date) then
	                          (
	                                 $find-range-of-transactions-helper
	                             	            ( $left($tree),
	                                       	    $start-date,
	                                      	     $end-date,
	                                       	    $find-range-of-transactions-helper),
	                                 $root($tree)
	                          )
	                        else
	                            if ((xs:date($root($tree)/@date) gt $start-date)
	                               and
	                                (xs:date($root($tree)/@date) lt $end-date)) then
	                             (
	                                   $find-range-of-transactions-helper
	                                   		( $left($tree),
	                                      	   $start-date,
	                                      	   $end-date,
	                                      	   $find-range-of-transactions-helper),
	                                   $root($tree),
	                                   $find-range-of-transactions-helper
	                                 		( $right($tree),
	                                   	    $start-date,
	                                   	    $end-date,
	                                   	    $find-range-of-transactions-helper)
	                             )
	                            else
	                                if (xs:date($root($tree)/@date) lt $start-date) then
	                                 (
	                                    $find-range-of-transactions-helper
	                                      ( $right($tree),
	                                        $start-date,
	                                        $end-date,
	                                        $find-range-of-transactions-helper)
	                                 )
	                                else
	                                    if (xs:date($root($tree)/@date) gt $end-date) then
	                                     (
	                                        $find-range-of-transactions-helper
	                                          ( $left($tree),
	                                            $start-date,
	                                            $end-date,
	                                            $find-range-of-transactions-helper)
	                                     )
	                                    else ()
	         },
                                        
                                        
         $find-range-of-transactions :=
	         function($tree as function()*,
	                  $start-date as xs:date,
	                  $end-date as xs:date
	                  )
	         {
	             $find-range-of-transactions-helper
	         	  ( $tree,
	                 $start-date,
	                 $end-date,
	                 $find-range-of-transactions-helper)
	         }

                                                               
    (:  At last, we finalize this big, outermost *let* clause with a *return* clause 
        that expresses the intent of the users of the BST data-type.
        We want to get all transactions in the period:
        15th March 2012 to 15th May 2012.
    :)

  return (
              $find-range-of-transactions
                ( $populate((), //transaction, $transaction-less-than-comparator),
                  xs:date('2012-03-15'), 
                  xs:date('2012-05-15')
                 )
             )

     
    
        6.	Analysis

        
            This example shows how a new data-type, or generally a library of
                functions can be defined in an XPath 3.0 expression and then used by a client in the
                same XPath expression: 

                	
                    The definitions of the library functions are in the “let clause”.

                

                	
                    The expressions that use these library functions are in the “return
                        clause”.

                

            

        
            We also experienced some inconvenience and that helped us specify
                a wish-list for a future version of XPath: 

                	
                     Our example contains one huge let-return expression. For better
                        modularity it would have been nice to place all the binary search tree
                        functions (create, left, right, insert, etc.) into their own “module” which
                        could then be “imported” by the bank transaction functions. Unfortunately,
                        XPath does not support this. Recommendation for a
                            future XPath version: Support XPath
                            expression files and an import clause to collect such expressions from
                            files in a desired new, client XPath program. 

                

                	
                     Our example implemented binary search trees as a sequence of functions.
                        While this works okay, it would be much more precise and elegant if XPath
                        had a “tuple type” so that a tree could be simply defined as a tuple: tree
                        is a tuple (root, left, right). Recommendation for a
                            future XPath version: Support a tuple
                            type, so that the result type of various functions (such as the creation
                            of a tree) can be more precisely specified than just a sequence of
                            function items. 

                

                	
                    
                        The Map data-type could further boost the expressiveness of XPath, 
                        making the language even more convenient. The Map data-type is already 
                        part of the latest published working draft of XSLT 3.0 [] and has been warmly 
                        accepted by the XML developers community.
                    

                

                	
                    
                        Introducing generics would further strengthen the expressive power and preciseness of XPath. 
                    

                

            

    
    
       7. Consuming an XPath function library from XSLT 3.0 and XQuery 3.1

       
         It is possible in XSLT 3.0 to conveniently consume an XPath function library
         directly from a text file.
       

       
         Here is an example:
       

       
         A simple function library (file SimpleLibraryAsMap.xpath):
       

       
 let
         $incr := function($n as xs:integer)
                   {$n +1},
         $mult := function($m as xs:integer, $n as xs:integer)
                   {$m * $n},
         $decr := function($n as xs:integer)
                   {$n -1},
         $idiv := function($m as xs:integer, $n as xs:integer)
                   {$m idiv $n}

	  (: Provide the function libary  as a map:)
 return
      map {
           'incr'     := $incr,
           'mult'     := $mult,
           'decr'     := $decr,
           'idiv'     := $idiv
          }  

       
       
         XSLT transformation that uses this function library:
       

       
<xsl:stylesheet version="3.0" xmlns:xsl="http://www.w3.org/1999/XSL/Transform"
 xmlns:xs="http://www.w3.org/2001/XMLSchema">
 <xsl:output omit-xml-declaration="yes" indent="yes"/>

 <xsl:template match="/">

  <!-- The Function Library -->
  <xsl:variable name="vMath" as="map(*)">
    <xsl:evaluate xpath="unparsed-text('SimpleLibraryAsMap.xpath')"/>
  </xsl:variable>

  <xsl:sequence select="'incr(3) = ', $vMath('incr')(3)"/>
 </xsl:template>
</xsl:stylesheet>         

       The result is: "incr(3) =  4"

       The "importing" of the library is done via the simple and powerful combination
             of the standard XPath 3.0 function unparsed-text() and the new XSLT 3.0 instruction
             <xsl:evaluate>
       

       
       Consuming the function library from a map-cognizant XQuery processor is even simpler
        -- we just need to
       wrap the library as/into an XQuery module and then import this module in the consuming XQuery.
       

       

    
    
    
        Conclusion

        
            The powerful new capabilities in XPath 3.0 such as HOFs,  inline functions, functional composition, 
            partial application and closures, indirect and robust anonymous function recursion, 
            own sequence-type variables and the ability to create new XML documents / nodes, turn XPath 
            into a full-pledged, complete, modern XML programming language: the first to truly implement 
            useful copy-paste code portability between XSLT and XQuery. 
        

        
            This gives the XML programmer the ability to write an application once and reuse it many times
            – standalone or included into code written in many other languages. 
        

        
            Function library author’s productivity is significantly increased, redundancy is eliminated,
            maintenance of dual sets of functions is no longer a problem.
        

        
            A few finishing touches are needed such as adding tuples, generics 
            and modularity support – either by the W3C or by proactive programmers.
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      Appendix: The BST data type defined and consumed as a map 

      Here we show an easy way to consume from both XSLT and XQuery
            the BST function library residing at its own file

      The BST XPath code (XPathFunctionLibrary.xpath)
            -- see how a map is created in the return clause:

      
 let
         (:
             The purpose of create is to return an empty tree.

             It returns a sequence of functions,
                - the first function represents the root of a tree,
                - the second function represents the left subtree,
                - and the third function represents the right subtree.
             The value of each function is an empty sequence.
         :)
         $create := (
                                function() { () }      (: root :),
                                function() { () }      (: left :),
                                function() { () }      (: right :)
                            ),


         (:
             empty() returns a boolean value,
             indicating whether $tree is empty.

             $tree is empty in either of these two cases:
             1. $tree is the empty sequence (it doesn't contain any functions).
             2. $tree contains a sequence of three functions, but the first
                  function - representing the root - is empty (i.e., if you invoke the
                  first function it returns the empty sequence).
         :)
         $empty := function($tree as function(*)*)
                           {
                                empty($tree) or empty($tree[1]())
                           },


         (:
             root()returns the value of the root node.

             This function takes one argument, $tree. Since $tree
             is represented by a sequence of functions, returning the
             value of the root node actually means returning the value of
             the function that corresponds to the root node.

             If $tree is empty then the empty sequence is returned. Otherwise
             the *value* of executing the first function in $tree  is returned (recall
             that a tree is represented by a sequence of functions, the first
             function representing the root of the tree).

             Note: $tree[1] is the first function whereas
                        $tree[1]() is the *value* of executing the first function.
         :)
         $root := function($tree as function(*)*)
                        {
                              if ($empty($tree))
                                  then ()
                                  else $tree[1]()
                        },


         (:
             left()returns the left subtree.

             This function takes one argument, $tree. Since $tree is represented
             by a sequence of functions, returning the left subtree
             actually means returning the value of executing the function that corresponds
             to the left subtree.

             If $tree is empty then the empty sequence is returned. Otherwise
             the *value* of executing the second function in $tree is returned (recall
             that a tree is represented by a sequence of functions, the second
             function representing the left subtree).

             Note: $tree[2] is the second function whereas
                        $tree[2]() is the *value* of executing the second function.
         :)
         $left := function($tree as function(*)*)
                      {
                            if ($empty($tree)) then ()
                            else
                                  if ($empty($tree[2])) then ()
                                  else $tree[2]()
                      },


         (:
             right() returns the right subtree.

             This function takes one argument, $tree. Since $tree is represented
             by a sequence of functions, returning the right subtree actually
             means returning the value of executing the function that corresponds to the
             right subtree.

             If $tree is empty then the empty sequence is returned. Otherwise
             the *value* of executing the third function in $tree is returned (recall
             that a tree is represented by a sequence of functions, the third
             function representing the right subtree).
         :)
         $right := function($tree as function(*)*)
                        {
                              if ($empty($tree)) then ()
                             else
                                   if ($empty($tree[3])) then ()
                                   else $tree[3]()
                        },


         $numeric-less-than-comparator :=
	         function( $arg1 as xs:decimal,
	                           $arg2 as xs:decimal
	                         ) as xs:boolean
	         {
	               $arg1  lt   $arg2
	         },


         (:
             insert() takes a $tree (BST) and a $item and produces a new BST that is the result
             of inserting $item as a tree-node in $tree.  A BST is a persistent (functional) data-type.
             Insertions or deletions are never done “in place” – instead a new BST is produced.

             The new node is inserted at:
             - if $tree is empty then as root node.
             - if the value of $item is less than the value of  the root node then
               the new tree-node is inserted into the left subtree (note the recursive definition)
             - else the new tree-node is inserted into the right subtree (again note the recursive
               definition)

             Here are the steps taken if $tree is empty:
             - $item specified to be the result of  the  root function. That is, the root function,
               if invoked, it returns $item.
             - A left function is created such that, if invoked, will return an empty subtree.
             - A right function is created such that, if invoked, will return an empty subtree.

             The insert function is recursive. Recursion with anonymous functions requires
             a helper function as discussed before.
         :)
         $insert-helper :=
	         function( $tree as function(*)*,
	                          $item as item(),
	                          $less-than-comparator as function(item(), item()) as xs:boolean,
	                          $insert-helper
	                         )
	         {
	         if ($empty($tree)) then
	               (
	                     function() {$item}     (: root :),
	                     function() {()}            (: left :),
	                     function() {()}            (: right :)
	               )
	          else if ($less-than-comparator($item, $root($tree))) then
	               (
	                     function() {$root($tree)}                           	(: root :),

	                     function() {$insert-helper( $left($tree),
	                                                                     $item,
	                                                                     $less-than-comparator,
	                                                                     $insert-helper)
	                                        }   				(: left :),

	                     function() {$right($tree)}                          	(: right :)
	                )
	          else
	               (
	                     function() {$root($tree)}                          	(: root :),
	                     function() {$left($tree)}                           	(: left :),

	                     function() {$insert-helper( $right($tree),
	                                                                     $item,
	                                                                     $less-than-comparator,
	                                                                     $insert-helper)
	                                          }      				  (: right :)
	                )
	         },


         $insert :=
	         function ( $tree as function(*)*,
	                           $item as item(),
	                           $less-than-comparator as function(item(), item()) as xs:boolean
	                         )
	         {
	               $insert-helper($tree, $item, $less-than-comparator, $insert-helper)
	         },


         (:
             print() produces an XML document that represents the BST $tree.

             The XML document produced by  print()  consists of:
             1. A root element that represents the value of executing the root function.
             2. A left element that represents the value of print() on the left subtree
                (note the recursive definition).
             3. A right element that represents the value of print() on the right subtree
                (note the recursive definition).

            The $print-helper function produces the markup
             as a string and then the $printer function converts
             this string into an XML document by calling the  parse-xml() function.
         :)
         $print-helper :=
	         function ( $tree as function(*)*,
	                           $print-helper
	                          )
	                          as xs:string?
	         {
	         if (not($empty($tree))) then
	                 concat('<tree>',
	                                    '<root>',
	                                          $root($tree),
	                                    '</root>',
	                                    '<left>',
	                                          $print-helper($left($tree),$print-helper),
	                                    '</left>',
	                                    '<right>',
	                                          $print-helper($right($tree),$print-helper),
	                                    '</right>',
	                            '</tree>'
	                           )
	          else ()
	          },


         $print := function ($tree as function(*)*)
                         {parse-xml($print-helper($tree, $print-helper))/*},


         (:
             populate() produces a new tree from its BST argument $tree by inserting
             the value of the head() of the sequence $items onto $tree and then inserting
             the tail() of the sequence $items onto the result.
         :)
         $populate-helper :=
	         function ( $tree as function(*)*,
	                           $items as item()*,
	                           $less-than-comparator as function(item(), item()) as xs:boolean,
	                           $populate-helper
	                         )
	         {
	             if (empty($items)) then $tree
	             else
	                  $populate-helper( $insert($tree, $items[1], $less-than-comparator),
	                                                    $items[position() gt 1],
	                                                    $less-than-comparator,
	                                                    $populate-helper
	                                                  )
	         },


         $populate :=
	         function( $tree as function(*)*,
	                           $items as item()*,
	                           $less-than-comparator as function(item(), item()) as xs:boolean
	                         )
	         {$populate-helper($tree, $items, $less-than-comparator, $populate-helper)}

	  (: Finally, make the function libary :)
	 return
      map {'create'   := $create,
           'empty'    := $empty,

           'root'     := $root,
           'left'     := $left,
           'right'    := $right,

           'insert'   := $insert,

           'populate' := $populate,
           'print'    := $print,

           'numeric-less-than-comparator'     := $numeric-less-than-comparator
          }        

      Here is the XSLT consuming code, that solves the bank
            transactions problem: 

      
<xsl:stylesheet version="3.0" xmlns:xsl="http://www.w3.org/1999/XSL/Transform"
 xmlns:xs="http://www.w3.org/2001/XMLSchema">
 <xsl:output omit-xml-declaration="yes" indent="yes"/>


 <xsl:template match="node()|@*">

  <!-- The Tree Function Library -->
  <xsl:variable name="vTree" as="map(*)">
    <xsl:evaluate xpath="unparsed-text('XPathFunctionLibrary.xpath')"/>
  </xsl:variable>

  <xsl:sequence select=
   "
        (:
           Finally, the solution of the original problem.
           Task: find all the bank transactions in the range 2012-03-15 to 2012-05-15.
         :)
    let $find-range-of-transactions-helper :=
	        function( $tree as function(*)*,
	                          $start-date as xs:date,
	                          $end-date as xs:date,
	                          $find-range-of-transactions-helper
	                )
	                as element(transaction)*
	        {
	            if (empty($tree)) then ()
	            else
	                if (xs:date($vTree('root')($tree)/@date) eq $start-date) then
	                     (
	                            $vTree('root')($tree),
	                            $find-range-of-transactions-helper
	                        		        ($vTree('right')($tree),
	                                   	 $start-date,
	                                     $end-date,
	                                     $find-range-of-transactions-helper)
	                     )
	                    else
	                        if (xs:date($vTree('root')($tree)/@date) eq $end-date) then
	                          (
	                                 $find-range-of-transactions-helper
	                             	            ($vTree('left')($tree),
	                                       	   $start-date,
	                                      	   $end-date,
	                                       	   $find-range-of-transactions-helper),
	                                 $vTree('root')($tree)
	                          )
	                        else
	                            if (
	                                (xs:date($vTree('root')($tree)/@date) gt $start-date)
	                                 and
	                                (xs:date($vTree('root')($tree)/@date) lt $end-date)) then
	                             (
	                                   $find-range-of-transactions-helper
	                                   		($vTree('left')($tree),
	                                       $start-date,
	                                       $end-date,
	                                       $find-range-of-transactions-helper),
	                                   $vTree('root')($tree),
	                                   $find-range-of-transactions-helper
	                                 		($vTree('right')($tree),
	                                   	 $start-date,
	                                   	 $end-date,
	                                   	 $find-range-of-transactions-helper)
	                             )
	                            else
	                                if (xs:date($vTree('root')($tree)/@date) lt $start-date) then
	                                 (
	                                    $find-range-of-transactions-helper
	                                      	               ($vTree('right')($tree),
	                                       	                $start-date,
	                                       	                $end-date,
	                                       	                $find-range-of-transactions-helper)
	                                 )
	                                else
	                                    if (xs:date($vTree('root')($tree)/@date) gt $end-date) then
	                                     (
	                                        $find-range-of-transactions-helper
                                          	            ($vTree('left')($tree),
                                           	             $start-date,
                                           	             $end-date,
                                           	             $find-range-of-transactions-helper)
	                                     )
	                                    else ()
	         },


         $find-range-of-transactions :=
	         function($tree as function(*)*,
	                          $start-date as xs:date,
	                          $end-date as xs:date
	                         )
	         {
	             $find-range-of-transactions-helper
	         		       ( $tree,
	               	         $start-date,
	                       	         $end-date,
	                       	         $find-range-of-transactions-helper)
	         },

        (:
            As tree-nodes are inserted into a BST, a comparison is made between
            the value being inserted and the value in the tree's root node. How should
            the comparison be done? That depends on the type of the data contained in a tree-node.
            Comparing two integers is different than comparing two tree fragments.
            So, the insert function must be provided with an appropriate comparator. For
            the case of bank transactions, a date comparison is needed.
            Here is an appropriate comparator function:
        :)
        $transaction-less-than-comparator :=
	        function( $arg1  as element(transaction),
	                          $arg2  as element(transaction)
	                        ) as xs:boolean
	        {
	              xs:date($arg1/@date) lt xs:date($arg2/@date)
	        }



    (:  At last, we finalize this big, outermost *let* clause with a *return* clause
        that expresses the intent of the users of the BST data-type.
        We want to get all transactions in the period:
        15th March 2012 to 15th May 2012.
    :)

      return (
              $find-range-of-transactions
                      ($vTree('populate')
                         ((), //transaction, $transaction-less-than-comparator),
                       xs:date('2012-03-15'),
                       xs:date('2012-05-15')
                      )
             )   "/>
 </xsl:template>
</xsl:stylesheet>        

      The BST XPath code -- as an XQuery module (XPathFunctionLibrary.xpath)
            -- see how a map is created in the return clause:

      
module namespace BST = "BST";

declare variable $BST:vTree :=

 let
         (:
             The purpose of create is to return an empty tree.

             It returns a sequence of functions,
                - the first function represents the root of a tree,
                - the second function represents the left subtree,
                - and the third function represents the right subtree.
             The value of each function is an empty sequence.
         :)
         $create := (
                                function() { () }      (: root :),
                                function() { () }      (: left :),
                                function() { () }      (: right :)
                            ),


         (:
             empty() returns a boolean value,
             indicating whether $tree is empty.

             $tree is empty in either of these two cases:
             1. $tree is the empty sequence (it doesn't contain any functions).
             2. $tree contains a sequence of three functions, but the first
                  function - representing the root - is empty (i.e., if you invoke the
                  first function it returns the empty sequence).
         :)
         $empty := function($tree as function(*)*)
                           {
                                empty($tree) or empty($tree[1]())
                           },


         (:
             root()returns the value of the root node.

             This function takes one argument, $tree. Since $tree
             is represented by a sequence of functions, returning the
             value of the root node actually means returning the value of
             the function that corresponds to the root node.

             If $tree is empty then the empty sequence is returned. Otherwise
             the *value* of executing the first function in $tree  is returned (recall
             that a tree is represented by a sequence of functions, the first
             function representing the root of the tree).

             Note: $tree[1] is the first function whereas
                        $tree[1]() is the *value* of executing the first function.
         :)
         $root := function($tree as function(*)*)
                        {
                              if ($empty($tree))
                                  then ()
                                  else $tree[1]()
                        },


         (:
             left()returns the left subtree.

             This function takes one argument, $tree. Since $tree is represented
             by a sequence of functions, returning the left subtree
             actually means returning the value of executing the function that corresponds
             to the left subtree.

             If $tree is empty then the empty sequence is returned. Otherwise
             the *value* of executing the second function in $tree is returned (recall
             that a tree is represented by a sequence of functions, the second
             function representing the left subtree).

             Note: $tree[2] is the second function whereas
                        $tree[2]() is the *value* of executing the second function.
         :)
         $left := function($tree as function(*)*)
                      {
                            if ($empty($tree)) then ()
                            else
                                  if ($empty($tree[2])) then ()
                                  else $tree[2]()
                      },


         (:
             right() returns the right subtree.

             This function takes one argument, $tree. Since $tree is represented
             by a sequence of functions, returning the right subtree actually
             means returning the value of executing the function that corresponds to the
             right subtree.

             If $tree is empty then the empty sequence is returned. Otherwise
             the *value* of executing the third function in $tree is returned (recall
             that a tree is represented by a sequence of functions, the third
             function representing the right subtree).
         :)
         $right := function($tree as function(*)*)
                        {
                              if ($empty($tree)) then ()
                             else
                                   if ($empty($tree[3])) then ()
                                   else $tree[3]()
                        },


         $numeric-less-than-comparator :=
	         function( $arg1 as xs:decimal,
	                           $arg2 as xs:decimal
	                         ) as xs:boolean
	         {
	               $arg1  lt   $arg2
	         },


         (:
             insert() takes a $tree (BST) and a $item and produces a new BST that is the result
             of inserting $item as a tree-node in $tree.  A BST is a persistent (functional) data-type.
             Insertions or deletions are never done “in place” – instead a new BST is produced.

             The new node is inserted at:
             - if $tree is empty then as root node.
             - if the value of $item is less than the value of  the root node then
               the new tree-node is inserted into the left subtree (note the recursive definition)
             - else the new tree-node is inserted into the right subtree (again note the recursive
               definition)

             Here are the steps taken if $tree is empty:
             - $item specified to be the result of  the  root function. That is, the root function,
               if invoked, it returns $item.
             - A left function is created such that, if invoked, will return an empty subtree.
             - A right function is created such that, if invoked, will return an empty subtree.

             The insert function is recursive. Recursion with anonymous functions requires
             a helper function as discussed before.
         :)
         $insert-helper :=
	         function( $tree as function(*)*,
	                          $item as item(),
	                          $less-than-comparator as function(item(), item()) as xs:boolean,
	                          $insert-helper
	                         )
	         {
	         if ($empty($tree)) then
	               (
	                     function() {$item}     (: root :),
	                     function() {()}            (: left :),
	                     function() {()}            (: right :)
	               )
	          else if ($less-than-comparator($item, $root($tree))) then
	               (
	                     function() {$root($tree)}                           	(: root :),

	                     function() {$insert-helper( $left($tree),
	                                                                     $item,
	                                                                     $less-than-comparator,
	                                                                     $insert-helper)
	                                        }   				(: left :),

	                     function() {$right($tree)}                          	(: right :)
	                )
	          else
	               (
	                     function() {$root($tree)}                          	(: root :),
	                     function() {$left($tree)}                           	(: left :),

	                     function() {$insert-helper( $right($tree),
	                                                                     $item,
	                                                                     $less-than-comparator,
	                                                                     $insert-helper)
	                                          }      				  (: right :)
	                )
	         },


         $insert :=
	         function ( $tree as function(*)*,
	                           $item as item(),
	                           $less-than-comparator as function(item(), item()) as xs:boolean
	                         )
	         {
	               $insert-helper($tree, $item, $less-than-comparator, $insert-helper)
	         },


         (:
             print() produces an XML document that represents the BST $tree.

             The XML document produced by  print()  consists of:
             1. A root element that represents the value of executing the root function.
             2. A left element that represents the value of print() on the left subtree
                (note the recursive definition).
             3. A right element that represents the value of print() on the right subtree
                (note the recursive definition).

            The $print-helper function produces the markup
             as a string and then the $printer function converts
             this string into an XML document by calling the  parse-xml() function.
         :)
         $print-helper :=
	         function ( $tree as function(*)*,
	                           $print-helper
	                          )
	                          as xs:string?
	         {
	         if (not($empty($tree))) then
	                 concat('<tree>',
	                                    '<root>',
	                                          $root($tree),
	                                    '</root>',
	                                    '<left>',
	                                          $print-helper($left($tree),$print-helper),
	                                    '</left>',
	                                    '<right>',
	                                          $print-helper($right($tree),$print-helper),
	                                    '</right>',
	                            '</tree>'
	                           )
	          else ()
	          },


         $print := function ($tree as function(*)*)
                         {parse-xml($print-helper($tree, $print-helper))/*},


         (:
             populate() produces a new tree from its BST argument $tree by inserting
             the value of the head() of the sequence $items onto $tree and then inserting
             the tail() of the sequence $items onto the result.
         :)
         $populate-helper :=
	         function ( $tree as function(*)*,
	                           $items as item()*,
	                           $less-than-comparator as function(item(), item()) as xs:boolean,
	                           $populate-helper
	                         )
	         {
	             if (empty($items)) then $tree
	             else
	                  $populate-helper( $insert($tree, $items[1], $less-than-comparator),
	                                                    $items[position() gt 1],
	                                                    $less-than-comparator,
	                                                    $populate-helper
	                                                  )
	         },


         $populate :=
	         function( $tree as function(*)*,
	                           $items as item()*,
	                           $less-than-comparator as function(item(), item()) as xs:boolean
	                         )
	         {$populate-helper($tree, $items, $less-than-comparator, $populate-helper)}

	  (: Finally, make the function libary :)
	 return
      map {'create'   := $create,
           'empty'    := $empty,

           'root'     := $root,
           'left'     := $left,
           'right'    := $right,

           'insert'   := $insert,

           'populate' := $populate,
           'print'    := $print,

           'numeric-less-than-comparator'     := $numeric-less-than-comparator
          }
;        


      Here is the XQuery consuming code, that solves the bank
            transactions problem: 

      
import module namespace bst="BST" at "XPathFunctionLibrary.xpath";

declare variable $vDoc := doc('transactions.xml');


  (: The Tree Function Library :)
        (:
           Finally, the solution of the original problem.
           Task: find all the bank transactions in the range 2012-03-15 to 2012-05-15.
         :)
    let $find-range-of-transactions-helper :=
	        function( $tree as function(*)*,
	                          $start-date as xs:date,
	                          $end-date as xs:date,
	                          $find-range-of-transactions-helper
	                )
	                as element(transaction)*
	        {
	            if (empty($tree)) then ()
	            else
	                if (xs:date($bst:vTree('root')($tree)/@date) eq $start-date) then
	                     (
	                            $bst:vTree('root')($tree),
	                            $find-range-of-transactions-helper
	                        		        ($bst:vTree('right')($tree),
	                                   	 $start-date,
	                                     $end-date,
	                                     $find-range-of-transactions-helper)
	                     )
	                    else
	                        if (xs:date($bst:vTree('root')($tree)/@date) eq $end-date) then
	                          (
	                                 $find-range-of-transactions-helper
	                             	            ($bst:vTree('left')($tree),
	                                       	   $start-date,
	                                      	   $end-date,
	                                       	   $find-range-of-transactions-helper),
	                                 $bst:vTree('root')($tree)
	                          )
	                        else
	                            if (
	                                (xs:date($bst:vTree('root')($tree)/@date) gt $start-date)
	                                 and
	                                (xs:date($bst:vTree('root')($tree)/@date) lt $end-date)) then
	                             (
	                                   $find-range-of-transactions-helper
	                                   		($bst:vTree('left')($tree),
	                                       $start-date,
	                                       $end-date,
	                                       $find-range-of-transactions-helper),
	                                   $bst:vTree('root')($tree),
	                                   $find-range-of-transactions-helper
	                                 		($bst:vTree('right')($tree),
	                                   	 $start-date,
	                                   	 $end-date,
	                                   	 $find-range-of-transactions-helper)
	                             )
	                            else
	                                if (xs:date($bst:vTree('root')($tree)/@date) lt $start-date) then
	                                 (
	                                    $find-range-of-transactions-helper
	                                      	               ($bst:vTree('right')($tree),
	                                       	                $start-date,
	                                       	                $end-date,
	                                       	                $find-range-of-transactions-helper)
	                                 )
	                                else
	                                    if (xs:date($bst:vTree('root')($tree)/@date) gt $end-date) then
	                                     (
	                                        $find-range-of-transactions-helper
                                          	            ($bst:vTree('left')($tree),
                                           	             $start-date,
                                           	             $end-date,
                                           	             $find-range-of-transactions-helper)
	                                     )
	                                    else ()
	         },


         $find-range-of-transactions :=
	         function($tree as function(*)*,
	                          $start-date as xs:date,
	                          $end-date as xs:date
	                         )
	         {
	             $find-range-of-transactions-helper
	         		       ( $tree,
	               	         $start-date,
	                       	         $end-date,
	                       	         $find-range-of-transactions-helper)
	         },

        (:
            As tree-nodes are inserted into a BST, a comparison is made between
            the value being inserted and the value in the tree's root node. How should
            the comparison be done? That depends on the type of the data contained in a tree-node.
            Comparing two integers is different than comparing two tree fragments.
            So, the insert function must be provided with an appropriate comparator. For
            the case of bank transactions, a date comparison is needed.
            Here is an appropriate comparator function:
        :)
        $transaction-less-than-comparator :=
	        function( $arg1  as element(transaction),
	                          $arg2  as element(transaction)
	                        ) as xs:boolean
	        {
	              xs:date($arg1/@date) lt xs:date($arg2/@date)
	        }



    (:  At last, we finalize this big, outermost *let* clause with a *return* clause
        that expresses the intent of the users of the BST data-type.
        We want to get all transactions in the period:
        15th March 2012 to 15th May 2012.
    :)

      return (
              $find-range-of-transactions
                      ($bst:vTree('populate')
                         ((), $vDoc//transaction, $transaction-less-than-comparator),
                       xs:date('2012-03-15'),
                       xs:date('2012-05-15')
                      )
             )        
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 Introduction

 It’s a truism that things were different when I was a lad, but with open-source implementations of markup technologies there seems to be truth to it.

When I began to develop with XML technologies in the very early 2000s there was a slew of toolkits and implementations for XML parsers, multiple DOM-like implementations outside web browsers, XSLT implementations, etc (almost ad nauseam).

Now, GNOME’s LibXML seems to be the de facto standard implementation, used with many (non-Java) language bindings, there’s only one open-source XSLT2 implementation, and technologies like XQuery seem to be restricted to specialist use and implementations on top of XML databases.

What happened? Open-source technologies in related areas including document-like data stores, document-manipulation (albeit in Javascript running in a browser), have come on in leaps and bounds. The XML technology space seems to have contracted and stagnated, at least to a casual observer.

Why should you care about this? Will it affect you? And if you do care, what can you do?



 The greener grass

For comparison, let’s take a look at open-source web development, and what’s happened to that in the last 10 years. Web development is a good comparison point because it is, in essence, in the business of markup production.

If we go back to 2003 we’re in a world where Perl and variants of the CGI model are dominant, and PHP (a variant of the CGI model itself) is fast rising. Python is heavily used by self-respecting developers (Google being the poster child for Python at this time). MySQL has already won and taken its place as the default database backing the web. The common thread is that there are very few frameworks, as we would understand them now. The frameworks that are there seem to largely be restricted to proprietary toolkits like WebObjects and J2EE. The open-source web development world is making do with CGI, templating libraries, and SQL. A uniform API to connect to different SQL databases and issue queries is pretty much the height of sophistication.

In the XML world, we have LibXML 2 fast emerging, but still not installed by default on pretty much every computer system (as it is now). Saxon and Xerces/Xalan are the heavyweights here.


July 2004: Ruby on Rails

Rails was the first proper full-stack web framework to get significant traction and adoption. Django, the Python framework which most closely matches it in terms of scope, was first released in July 2005.

The release of Rails and Django are not unique, but they are significant enough to stand in for the changes in backend web development as a whole.

What we see as they pick up speed is an explosion of libraries and plugins and the emergence of ecosystems surrounding them. Ruby makes for a nice subject here. Rails was largely responsible for it becoming a language with widespread adoption, especially outside Japan. If we look at statistics from Github (launched 2008) about the growth in number of public repositories for projects written in Ruby, then we see growth that looks exponential.

Rubygems is Ruby’s package management system, with all public gems hosted by rubygems.org. There are currently 55,075 public gems. Looking at Rails itself, the current version (released 18 March 2013) has (as of 17 April 2013) been installed 380,730 times.

What does this tell us? Apart from the obvious – there’s a lot happening – it’s fairly clear that the buzz about web development technologies 10 years ago translated into sustained and impressive development of an open-source ecosystem. Contrast that with the buzz around XML technologies, say, 15 years ago, and there’s no real comparison. The real question is why.




A parallel story

Back in the early 2000’s there were several competing open-source relational databases, in addition to Oracle and DB2, where ‘real’ work was done. Of those available open-source DB’s, MySQL was the one which became the default choice, quickly almost entirely displacing its open-source competitors (and Oracle) from general web development. You’d be hard pressed to find anyone who actually understands relational database implementation who’ll say that MySQL was the best technology, and many who’ll say it was pretty bad in the early days. Yet, in the battle of MySQL vs. everything else, MySQL destroyed the competition. Why?

There are two critical factors in getting a developer to adopt a technology like a relational DB.


	Is it straightforward to install?


	Is it easy to use?




MySQL’s great weapon was that it was trivial to install on almost any system with a C compiler, and it soon had client bindings for almost all languages.

If you wanted to use a relational DB, you could either spend an age figuring out how to satisfy the dependencies and configuration requirements for a competing RDBMS or you could spend 5 minutes installing MySQL.

It was a SQL database, so writing queries for it was easy. It had native bindings for your language, so it was easy to integrate. It was quick and worked well enough for the 80% case that you didn’t immediately notice its flaws.

In short, it was a database for casual users.



 A true story of pain and bewilderment: Validating XML

Recently, I have been experimenting with a web service which has a ReST API with an XML serialisation format, and which provides XML Schema grammars for the various endpoints. Writing a client in Ruby, and wanting to validate XML I generated as part of my automated tests, how could I go about that?

My first thought was to shell out to a command line utility and pass or fail tests based on the return value, in classic Unix style.

So. LibXML’s support is incomplete, a polite way of saying dangerous and broken.

Saxon HE doesn’t include it (which is fine, but meant I couldn’t use it)

Xerces’ command-line utilities (C++ or Java) are really hard to figure out (and the JVM startup tax is really hefty when shelling out dozens of times in an automated test suite). (Norm Walsh released a wrapper that does schema validation, but I didn’t find it until researching for this paper, and I know Norm.)

Having tried to do this a few times in the past, it’s at this point that I usually give up, because nothing has changed since the last time I went looking.

This time, I realised that a Ruby XML/HTML library (Nokogiri, more on this later) wrapped Xerces-J under JRuby, and Xerces-J’s XML Schema implementation works. So, now I have XML Schema validation integrated into my test suite, but only when it runs under JRuby. Under MRI (the standard Ruby implementation) LibXML 2’s broken Schema implementation explodes.

XML Schema is a technology that’s been a TR since 2001. It seems absurd that, in 2013, it’s simplest task – validation – requires so many hoops to be jumped in order to integrate it into a sensible, modern, web development workflow.



hpricot, Nokogiri, and getting things done

One of the side-effects of the HTML/XHTML kerfuffle was that, by and large, tools for dealing with HTML (without resorting to regexes) were tools for dealing with XML, at least in Python and Ruby. Partly as a legacy of its SGML roots, but mostly because humans are incredibly good at being incredibly bad at things, vast swathes of HTML content wasn’t (still isn’t) even well-formed HTML, let alone XML. Even more content isn’t valid HTML.

XML’s default error handling (terror, immediate exit) makes it extremely problematic to use with HTML, and HTML constitutes the largest body of markup on the internet.

Python’s Beautiful Soup & lxml, and Ruby’s Hpricot provided tools for coping with HTML. They ignored the DOM for search interfaces based on idiomatic constructs and even CSS.

Hpricot was effectively superseded by Nokogiri, which wraps LibXML 2 in an API based on Hpricot’s. Before it was installed by default on Mac OS X, Nokogiri was the sole reason that a lot of people installed LibXML 2.

These libraries are widely used, and successful precisely because of their pragmatic and idiomatic approach.



Language bindings matter, and why LibXML won

If MySQL won because any fool with a C compiler and Make could get it running, LibXML 2 won because it was actually fast enough to use, and had language bindings for almost everything. That was enough for it to creep onto almost every developer’s system as part of the base OS install (a side-effect of the XML-as-data-storage fad which meant that core OS systems needed to read and write XML). (Mac OS X did this in 2007, the last holdout.) Even before then, the pain of installing LibXML 2 + language bindings (not inconsiderable if you were installing from source) was far outweighed by the orders-of-magnitude better performance than most other libraries outside the Java world.

LibXML 2 / LibXSLT 1 have what amounts to a frozen feature set though: no XSLT 2, no XPath 2, no XQuery, incomplete XML Schema support. Its ubiquity and competence far outweigh its restrictions for most people, but that means that very few will ever explore beyond XSLT 1 in the way that its introduction allowed many people to explore beyond simple document parsing.

The standard HTML & XML processing libraries for almost all dynamic languages are wrappers around LibXML 2.



Next steps

What can we do about this state of affairs? Is there a way continue to advance the state-of-the-art whilst also making it easy for new developers to jump in?

The short answer is that there needs to be. The longer answer, I think, draws on what we’ve learnt from MySQL and LibXML.


There’s no excuse for being inaccessible

Java seems to be where current open-source markup technology development is taking place. If you’re not a Java developer it’s often a pain to get started. If you are a Java developer it’s often tedious to do common, trivial, tasks.

There’s no excuse for being inaccessible to non-Java developers, and there’s no excuse for tedium. Let’s take Jenkins as an example. Jenkins is a continuous integration server written in Java. There are many CI servers written in many languages. Jenkins is beating them all because it’s trivial to get started with it. It bundles a simple Java app server in its .war, meaning that, if you want, you can get started with nothing more complex than downloading the .war, and running it with java -jar jenkins.war. There’s nothing else to it, and that built-in server is enough for almost everyone.

Saxon can be used from the command line, but it doesn’t have a dedicated utility, which means there’s no man page, and no simple tab-completion for a half-remembered command name. xmllint and xsltproc, the utilities shipped with Libxml2 are so useful because they are standard command line utilities: they are invoked with a single-word command, they have man pages, they aren’t dependent on CLASSPATH or on remembering where you put saxon9he.jar.

(If Saxon is PostgreSQL, technically superior in almost every way, then LibXML 2 is MySQL. LibXML2 is utterly ubiquitous: it’s on your phone.)



Language bindings are important

The popularity of the JVM as a host for implementations of popular dynamic languages (JRuby, Jython) and new languages (Scala, Clojure) mean that even Java-native libraries like Saxon can be made obvious and easy to use for non-Java developers. Nokogiri uses Xerces as its parser and XSLT engine under JRuby, which means that I use JRuby + Nokogiri to validate documents against XML Schema (although, obviously, I’m limited to XML Schema 1.0). Why not have idiomatic Saxon bindings for other JVM host languages?



There’s more to life than DOM.

hpricot and Nokogiri made it fun and easy to work with complex HTML and XML. Their shelving of the DOM API in favour of idiomatic Ruby made many common tasks vastly easier than with DOM. That led in turn to Nokogiri’s near-total dominance of XML handling in Ruby.

Imagine if XQuery were opened up in that way. Imagine if the DSDL validation pipeline were made trivial to use. There are lots of XML-clad web APIs out there. Imagine how much better documented they’d be with, say, RelaxNG + Schematron that anyone could trivially easily use.
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Abstract
What if you could see everything as XML? XML has many
strengths for data exchange, strengths both inherent in the nature
of XML markup and strengths that derive from the ubiquity of tools
that can process XML. For authoring, however, other forms are
preferred: no one writes CSS or Javascript in XML. It does not
follow, however, that there is no value in representing such
information in XML. Invisible XML is a method
for treating non-XML documents as if they were XML, enabling
authors to write in a format they prefer while providing XML for
processes that are more effective with XML content. There is really
no reason why XML cannot be more ubiquitous than it is.
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XML and
Authoring

XML is a popular format. It is widely and successfully used
for document and data storage, exchange and presentation. A major
advantage of using XML is the toolchain and pipeline available for
generic XML processing. You can easily use new formats within the
generic framework.

However, for authoring purposes XML is seldom preferred over
a notation more directly suited to the purpose. Few would prefer to
write their CSS rules as


<rule><simple-selector name="body"/><block><property name="color" value="blue"/></block></rule>



to the more direct


body {color: blue}



and even less would prefer to write


<statement><if><condition><comparison name="&lt;"><var name="max"><var name="a"></comparison></condition><then><statement><assign><var name="max"/><expression><var name="a"/></expression></assign></statement></then></if></statement>



to the much more direct


if (max<a) then max=a;



And, of course it should be noted that even RELAX NG has both
an XML syntax and a 'compact' syntax RelaxNG RelaxNGCOMPACT.

In fact if we are to be brutally honest, even XML formats
take short cuts for authoring ease. Take for instance an
<a> element in XHTML:


<a href="http://www.w3.org/TR/1999/xhtml">XHTML</a>



This does not surface the real structure
of the underlying data. If we were to be completely faithful to the
principle of making all relevant structure explicit, we should
really write something along the lines of


<a><href><method type="href"/><domain name="org"/><site name="w3"/><sub name="www"/><path><root><sub name="TR"><sub name="1999"><sub name="xhtml"</sub></sub></sub></root></path></href><text>XHTML</text></a>



You might argue about the details here, but this example is
only to show that there are parts of XML documents that could be
further structured, but that we choose not to, possibly for
authoring ease, possibly for fear of being laughed out of
town.

The reasons for this are obvious: despite the disadvantages
of not being able to use the generic toolchain any more, or only to
a lesser degree, the increased readability of the source, and its
closer relation to the problem domain makes authoring so much
easier.

Parsing and Parse
trees

Part of the advantage of XML is that there is a single parser
needed to be able to deal with any kind of document. This can be
contrasted with for instance the situation for HTML, where you need
a parser for the HTML, with separate parsers for CSS and Javascript
at least, (and URLs), creating extra complexity and
brittleness.

But looked at through a suitable pair of glasses, what is XML
apart from a description of a parse tree for some format (with some
special treatment for text nodes)? And frankly, what is so
difficult about general-purpose parsing? It is a widely understood
and easily solved problem. Is it not possible to combine the best
of both worlds, and have authorable formats, that can still use the
XML tool chain? Couldn't XML become the underlying format for
everything?

The Approach

The approach presented here is to add one more step to the
XML processing chain, an initial one. This step takes any textual
document, and a (reference to) a suitable syntax description,
parses the document using the syntax description, and produces as
output a parse tree that can be treated as an XML document with no
further parsing necessary (or alternatively, the document can be
serialised out to XML).

In other words, the input document might be


body {color: blue}



but the result of the parse will be the same as if an XML
parser had been presented with the XML document


<css>
   <rule><simple-selector name="body"/>
      <block><property name="color" value="blue"/></block>
   </rule>
</css>



We call this method Invisible XML, since
the document is treated as XML, but it is not visibly an XML
document.

Syntax
Description

The requirement is to find a suitable way to describe the
syntax of the input document so that the resultant parse-tree is of
the form suitable for use in our XML chain. If we were to use BNF
BNF, arguably the most well-known syntax-description format, it
might look like this (in what follows "..." is used for parts of
the definition that have been elided and will be defined
later):


<css> ::= <rules>
<rules> ::= <rule> | <rules> <rule>
<rule> ::= <selector> <block>
<block> ::= "{" <properties> "}"
<properties> ::= <property> | <property> ";" <properties>
<property> ::= <name> ":" <value> | <empty>
<selector> ::= <name>



etc, etc. But it is quickly apparent that this has some
shortcomings. Firstly a surface problem that since we are using
this for XML, we could quickly go crazy with the use of angle
brackets for two different purposes. Although there is a certain
charm to defining the <css> element with a
syntax rule whose name is <css>, let us
rather use a different format. Therefore we shall use a variant of
VWG format  VWG. This looks like:


css: rules.
rules: rule; rules, rule.
rule: selector, block.
block: "{", properties, "}".
properties:  property; property, ";", properties.
property:  name, ":", value; empty.
selector: name.
name: ...
value: ...
empty: .



(We shall restrict ourselves to a simplified CSS grammar for
the sake of this article).

Note that ";" signifies alternatives, and as is normal in
syntax definitions, if one alternative is empty (or reduces to
empty), the rule is optional.

If we parse the snippet of CSS above with this, and then
represent the resulting parse tree in an XML style (so that each
nonterminal is represented as an XML element), a second problem
becomes apparent:


<css>
   <rules>
      <rule>
         <selector>body</selector>
         <block>
            <properties>
               <property>
                  <name>color</name>
                  <value>blue</value>
               </property>
            </properties>
         </block>
      </rule>
   </rules>
</css>



namely that there are certain elements in the tree
(rules, properties) that we
really aren't interested in. (You'll notice that some terminal
symbols such as the brackets, colons and semicolons don't appear in
the parse tree. This will be discussed later).

The problem becomes even more apparent with a CSS snippet
like


body {color: blue; font-weight: bold}



since the content of the <block>
element then becomes even more unwieldly:


<properties>
   <property>
      <name>color</name>
      <value>blue</value>
   </property>
   <properties>
      <property>
         <name>font-weight</name>
         <value>bold</value>
      </property>
   </properties>
</properties>



where we would prefer to see the much more direct


<property>
   <name>color</name>
   <value>blue</value>
</property>
<property>
   <name>font-weight</name>
   <value>bold</value>
</property>



The problem arises in this case because the syntax
description method relies on recursion to deal with repetition. To
that end, we shall introduce a specific notation for repetition.
Zero or more repetitions:


(rule)*



and one or more repetitions:


(rule)+



In fact we shall extend these two postfix operators to also
act as infix operators, to handle a commonly occurring case:


(property)*";"
(property)+";"



which respectively mean "zero or more, separated by
semicolon" and "one or more, separated by semicolon" (there is no
reason to restrict the separator to a terminal as here; it may also
be a nonterminal).

Now we can specify our syntax as:


css: (rule)*.
rule: selector, block.
block: "{", (property)*";", "}".
property:  name, ":", value; .
name: ...
value: ...



and the parsetree will now look like this:


<css>
   <rule>
      <selector>body</selector>
      <block>
         <property>
            <name>color</name>
            <value>blue</value>
         </property>
         <property>
            <name>font-weight</name>
            <value>bold</value>
         </property>
      </block>
   </rule>
</css>



However, there is another reason why we might not want a
syntax rule name to appear in the parse tree, and that is when we
use a syntax rule as a refinement, that is to
say, when the syntax rule doesn't represent anything of semantic
importance, but has been defined so that we can use it in several
places without having to repeat it. For instance, suppose we wanted
to define a series of properties in a separate rule:


properties: (property)*";".



and use it:


block: "{", properties, "}".



but not want <properties> to appear
in the final parse tree. What we define is that the use of any rule
name preceded by a minus sign is only being used for refinement. So
that would give us:


properties: (property)*";".
block: "{", -properties, "}".



and this would result in the same parse-tree as above. Note
that this still allows a rule to be used in other places and appear
in the parse tree if needed.

Also note that for simplicity we have ignored treating spaces
in the syntax description, but that is also an example of something
you would not want to have in the parse tree:


colon: -spaces, ":", -spaces.
spaces: " "*.



Similarly, we can use it to make empty alternatives more
explicit:


property:  name, ":", value; -empty.




empty: .



Terminals

As alluded to above, in general, terminal symbols do not
appear in the parse-tree, since most of them are only there to
delimit structural elements in the source file. If you want them to
show up, you can add an explicit rule for them:


colon: ":".



which will cause them to show up in the tree like
this:


 <property>
     <name>color</name>
     <colon/>
     <value>blue</value>
 </property>



However, there are places where terminals have semantic
meaning, and you do want them to appear in the
parse-tree, for instance in our example the names and values of the
properties. To achieve this we mark terminals that are to be copied
to the parse tree specially:


name: (+"a"; +"b"; ...etc...; +"9"; +"-")+.



In other words, normally terminals are discarded, but if they
are preceded with a + they are copied to the parse-tree.

Extensions

Strictly speaking, this would be enough to allow you to parse
a document, and output it as an equivalent XML document. However,
there are possible extensions that give you a little more control
over the result. The most obvious is allowing the specification of
attributes. This is simply done by marking the use of rules with at
signs:


css: (rule)*.
rule: selector, block.
block: "{", (property)*";", "}".
property:  @name, ":", value.



A rule used like this may clearly not contain any structural
elements (though it may contain terminals and refinements), since
attributes are not structured, but this is an easy condition to
check for. The parsetree will now look like this:


<css>
   <rule>
      <selector>body</selector>
      <block>
         <property name="color">
            <value>blue</value>
         </property>
         <property name="font-weight">
            <value>bold</value>
         </property>
      </block>
   </rule>
</css>



If we changed the rule for property to
look like this:


property:  @name, ":", @value.



then the resultant parse-tree would look like


<css>
   <rule>
      <selector>body</selector>
      <block>
         <property name="color" value="blue"/>
         <property name="font-weight" value="bold"/>
      </block>
   </rule>
</css>



Note that by marking the use of a syntax
rule in this way, and not the definition, it allows the syntax rule
to be used for structural elements
(<name>color</name>) as well as for
attributes (name="color").

Parsing
Algorithms

Although it would be possible to require the syntax to be
restricted to some class of language, such as LL(1) or LR(1) LL1
in order to make the parser faster, in practice it is easier for
the author of the syntax if we make no such restriction, since it
would require the author to understand the principles, and it would
require the system to check that the syntax adhered to the
requirement. In practise a parsing algorithm such as Earley's
Earley is fast enough, and will treat all context-free languages.
The only remaining problem is if the syntax author describes an
ambiguous language. To that end we just define that the parser
outputs one of the parses, and leave it at that. For instance, if
expression were defined as:


expr: i; expr, plus, expr.
i: "i".
plus: "+".



then a string such as


i+i+i



could be parsed as both


<expr><i/></expr>
<plus/>
<expr>
   <expr><i/></expr>
   <plus/>
   <expr><i/></expr>
</expr>



and as


<expr>
   <expr><i/></expr>
   <plus/>
   <expr><i/></expr>
</expr>
<plus/>
<expr><i/></expr>



Delivery

To deliver a source document to be parsed by our system, we
can use a media type MediaType that supplies a reference to the
required syntax description. For instance:


application/xml-invisible; syntax=http://example.com/syntax/css



Clearly a system can cache well-known syntax
descriptions.

Using
Invisible XML to define itself

It should go without saying that the syntax descriptions
themselves are in Invisible XML (though in their case the syntax
description must be cached to prevent an
infinite loop of processing.)

The definition might look like this:


ixml: (rule)+.
rule: @name, -colon, -definition, -stop.
definition: (alternative)*-semicolon.
alternative: (-term)*-comma.
term: -symbol; -repetition.
repetition: one-or-more; zero-or-more.
one-or-more: -open, -definition, -close, -plus, separator.
zero-or-more: -open, -definition, -close, -star, separator.
separator: -symbol; -empty.
empty: .
symbol: -terminal; nonterminal; refinement.
terminal: explicit-terminal; implicit-terminal.
explicit-terminal: -plus, @string.
implicit-terminal: @string.
nonterminal: @name.
refinement: -minus, @name.
attribute: -at, @name.

string: -openquote, (-character)*, -closequote.
name: (-letter)+.
letter: +"a"; +"b"; ...
character: ...

colon: -S, ":", -S.
stop: -S, ".", -S.
semicolon: -S, ";", -S.
comma:  -S, ",", -S.
plus:  -S, "+", -S.
minus:  -S, "-", -S.
star:  -S, "*", -S.
open:  -S, "(", -S.
close:  -S, ")", -S.
at:  -S, "@", -S.
openquote: -S, """".
closequote: """", -S.
S: " "*.



This would then parse to the XML form:


<ixml>
   <rule name="ixml">
      <alternative>
         <one-or-more>
             <alternative>
                <nonterminal name="rule"/>
             </alternative><separator/>
         </one-or-more>
      </alternative>
   </rule>
   <rule name="rule">
      <alternative>
         <attribute name="name"/>
         <refinement name="definition"/>
      </alternative
   </rule>
   <rule name="definition">
      <alternative>
         <zero-or-more>
            <alternative>
               <nonterminal name="alternative"/>
            </alternative>
            <separator><refinement name="semicolon"/></separator>
         </zero-or-more>
      </alternative
   </rule>
   ... etc ...
   <rule name="separator">
      <alternative><refinement name="symbol"/></alternative>
      <alternative><refinement name="empty"/></alternative>
   </rule>
   ... etc ...
</ixml>



Thanks to Earley's parsing algorithm, we can remove the
<alternative> elements when there is only
one alternative in a rule, by
redefining definition:


definition: -alternative; alternative, -semicolon, (alternative)+-semicolon.



Note how we have used the "-" character to prevent it being
copied in the first case (when there is only one). You wouldn't be
able to use such a rule as this if there were a requirement on the
syntax to be LL(1) or LR(1), since the two parts of the rule start
with the same symbols.

Similarly, we can get rid of empty
<separators/> thusly:


one-or-more: -open, -definition, -close, -plus; -open, -definition, -close, -plus, separator.
zero-or-more: -open, -definition, -close, -star; -open, -definition, -close, -star, separator.
separator: -symbol.



We can move the value of the separator into an attribute
with:


separator: @explicit; @implicit; @nonterminal; @refinement.
explicit: -plus, -string.
implicit: -string.



This would then generate:


<ixml>
   <rule name="ixml">
      <one-or-more>
         <nonterminal name="rule"/>
      </one-or-more>
   </rule>
   <rule name="rule">
      <attribute name="name"/>
      <refinement name="definition"/>
   </rule>
   <rule name="definition">
      <alternative>
         <refinement name="alternative"/>
      </alternative>
      <alternative>
         <nonterminal name="alternative"/>
         <one-or-more>
            <nonterminal name="alternative"/>
            <separator refinement="semicolon"/>
         </one-or-more>
      </alternative>
   </rule>
   ... etc ...
   <rule name="separator">
      <alternative><refinement name="symbol"/></alternative>
      <alternative><refinement name="empty"/></alternative>
   </rule>
   ... etc ...
</ixml>



(An observant reader will have spotted that we have allowed
attributes to be defined by attributes here -- for instance with
@refinement -- that is we treat an attribute
within an attribute definition as if it were a refinement).

As yet another possibility, we can move the separator into an
attribute of the one-or-more or
zero-or-more elements:


one-or-more: -open, -definition, -close, -plus; -open, -definition, -close, -plus, -separator.
zero-or-more: -open, -definition, -close, -star; -open, -definition, -close, -star, -separator.
separator: @explicit; @implicit; @nonterminal; @refinement.
explicit: -plus, -string.
implicit: -string.



Alternative
Representation

Although the syntax description so defined was developed
iteratively based on the needs of the user, and is sufficient for
its purpose, it is clear in the above example, that refinements
occur far more frequently than true semantic rules. An alternative
worth exploring would be to say that nothing
is copied to the syntax tree unless specifically marked. Let us use
the "^" character to mark items that are copied to the tree. The
result is clearly much more restful on the eyes:


ixml: (^rule)+.
rule: @name, colon, definition, stop.
definition: alternative; ^alternative, semicolon, (^alternative)+semicolon.
alternative: (term)*comma.
term: symbol; repetition.
repetition: ^one-or-more; ^zero-or-more.
one-or-more: open, definition, close, plus; open, definition, close, plus, ^separator.
zero-or-more: open, definition, close, star; open, definition, close, star, ^separator.
separator: terminal; @nonterminal; @refinement.
symbol: terminal; ^nonterminal; ^refinement.
terminal: ^explicit-terminal; ^implicit-terminal.
explicit-terminal: up, @string.
implicit-terminal: @string.
nonterminal: up, @name.
refinement: @name.
attribute: at, @name.

string: openquote, (character)*, closequote.
name: (letter)+.
letter: ^"a"; ^"b"; ...
character: ...

colon: S, ":", S.
stop: S, ".", S.
semicolon: S, ";", S.
comma:  S, ",", S.
plus:  S, "+", S.
up:  S, "^", S.
star:  S, "*", S.
open:  S, "(", S.
close:  S, ")", S.
at:  S, "@", S.
openquote: S, """".
closequote: """", S.
S: " "*.



Extras

There are obvious extra odds and ends that need adding, such
as sets of characters, to make terminal specification easier, for
instance:


letter: ^["a"-"z", "A"-"Z", "-"].
S: [" ", "\t", "\n", ...]*.



but these are just details.

Restriction
on the XML Produced

It should be noted in passing that in the form presented
here, Invisible XML only works in one
direction: you can turn any textual document into an equivalent XML
document. However, it is not in general possible to turn a textual
document into a particular XML form without
more work. For instance, you could turn Wiki markup into an XML
document, but not into XHTML in particular.

Roundtripping

Returning the resultant XML document to its original format
is just a process of presentation, nothing that a suitable bit of
XSLT couldn't do, or even CSS in some simple cases. In fact it
should be apparent that from the Invisible XML
syntax, it would be straightforward to automatically generate the
required piece of XSLT directly.

Conclusion

There is really no reason why XML can't be more ubiquitous
than it is, and similarly there is no reason why XML documents have
to be written in an explicit XML format per
se. Anything that can be parsed can be perceived as XML,
since parsing is very easy, and parse-trees are really just XML
documents in different clothing. Invisible XML
allows a multitude of document formats to be authored in their
traditional form, but be processed as XML, with the concomitant
advantages of the XML toolchain.
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            Abstract
 XML-related standards imply an architecture of distributed information which
                integrates all accessible XML resources into a coherent whole. Attempting to capture
                the key properties of this architecture, the concept of an info space is defined.
                The concept is used as a tool for deriving desirable extensions of the standards.
                The proposed extensions aim at a fuller realization of the potential offered by the
                architecture. Main aspects are better support for resource discovery and the
                integration of non-XML resources. If not adopted by standards, the extensions may
                also be emulated by application-level design patterns and product-specific features.
                Knowledge of them might therefore be of immediate interest to application developers
                and product designers. 

        
        Keywords: XML info space, property-faced collection, XML, XPath, XQuery, XSLT, JSON>, XDM, UDL

    Copyright © 2013 by the author.  Used with permission.

        
    
        Introduction

         The first version of a successful program is not the last one. But the more complex
            the program, the more care is required when making changes. When technologies and the
            underlying standards are concerned, any changes must certainly be based on a deep
            understanding of the status quo. But the nature of the required understanding is not
            obvious. 

        In 1938, Albert Einstein and Leopold Infeld published a book about the evolution of
            physics [einstein]. The focus was on the crucial role played by named
                concepts, guiding and at times limiting our
            thoughts and understanding. A striking example involves the concepts of "force" and
            "field". At a point in time, the scientific understanding of forces was a sort of
            interaction between two bodies. Then the field was discovered as a new reality, existing
            independently of the presence and absence of bodies. Without this image of a field,
            understanding simply could not have passed beyond a certain point.

         In information technology, named concepts can play an important role in the
            development of industry standards. Fielding [fielding] gave a detailed
            account how the abstractions of a "resource" and "resource representations" enabled a
            unified vision of the emerging internet and led to the definition of an architectural
            style (REST - Representational State Transfer) which provided guidance in the evaluation
            of proposed changes to the standards.

         How about XML – is it final or in need of a new version? Is there a direction to go?
            This paper proposes a novel abstraction to guide a better understanding of the
            technological reality already created, an abstraction intended to help in the evaluation
            of further steps. The reality implemented by XML technology is very versatile, and
            doubtless many conceptualizations are useful and important. Nevertheless, this paper
            suggests a new concept or image - the info space. The concept evokes a potential which
            is at the same time so large and so much limited by the current state of affairs that
            the perspective of a fuller realization may affect our sense of priorities. The
            remaining sections define the concept, explore the current limitations and suggest steps
            towards an increasing realization of its potential. 

    
    
        Experiments and observations

        To get started, we examine a few simple programming tasks and possible solutions using
            XPath. The experience will invite some observations, which we then attempt to translate
            into a concept characterizing the new situation which XML technology has created.

        
            Experiments

            Assume we have an XML file (foo.xml) and want to retrieve all
                    countryCode elements, no matter where they occur in the document.
                The following XPath expression does just that:
                
   doc("foo.xml")//countryCode
 Now we want to
                detect all countryCode instances that do not contain a valid two-letter
                code according to ISO 3166. As a code dictionary in XML format is available in the
                internet[1]
                we can solve the problem by adding a simple filter expression:
                
   doc("foo.xml")//countryCode[not(. = doc("http://...")//code]

                When the check should be applied to several files, we only have to replace the first
                step by an expression which yields several documents, rather than a single document:
                
   (doc("foo.xml"), doc("foo2.xml"))
                 //countryCode[not(. = doc("http://...")//code]

                As there may be many documents to be checked, we introduce a helper resource, an XML
                document listing all documents concerned. The list represents each document by a
                    uri element containing the document URI, which may be a file name
                or an HTTP address. In order to apply the check to all documents found in the
                document list, again we adapt the first step of our navigation:
                
   doc("docs.xml")//uri/doc(.)
                 //countryCode[not(. = doc("http://...")//code]

                The documents may be found in the file system, an intranet or the internet, and
                their number could be large. If a specific document list has to be created for our
                checking task, this might become inconvenient, too. So we introduce a general
                purpose inventory of document URIs which describes a whole domain of documents, only
                some of which have to be checked in this particular case. We create a
                tree-structured document list in which only the leaf elements are uri
                elements containing a document URI, whereas all inner nodes have the purpose of
                adding structure, implicitly creating groups of documents. All elements - inner
                nodes and uri elements - may have attributes supplying metadata
                pertaining to the document(s) referenced by the element itself or its descendants.
                Schematically, such an inventory might look like this: 
   <doctree>
      <department name="d1">
         <project name="p1">
            <xsd> 
               <uri app="a1">…</uri> 
               <uri app="a2">…</uri> 
            </xsd>
            <msg>…	
               <uri srv="s1">…</uri> 
               <uri srv="s2">…</uri> 
            </msg>…
         </project>
      </department>
   </doctree>
 Now we can combine the selection of documents and their checking
                into a single expression:
                
   doc("doctree.xml")//project[@name="p1"]/msg/uri/doc(.)/
                 //countryCode[not(. = doc("http://...")//code]

                A navigation across multiple resources - an inventory, all resources referenced by
                    uri elements which match certain conditions, and finally the code
                dictionary – is achieved by a single expression, without taking actions like opening
                a file and without shifting information from data sources into intermediate
                variables.

             The expression does not only yield the faulty codes; it resolves to the nodes containing them, which means information and its location. Assigning the nodes to an XQuery
                variable ($faultyCodes), we can later resume navigation, using those
                nodes as starting points. If the documents contain somewhere a
                    changeLog element, we can collect the change logs of all faulty
                documents:
                
   $faultyCodes/ancestor::document-node()//changeLog

        
        
            Observations

            This little programming experience may give a feeling of handling information in a
                different way than when using a general purpose language like Java or Perl. What was
                different? 

             First, we did not "load" resources - we just addressed them using an expression which was equivalent to the
                complete information content. Compare this to Java code extracting data from a CSV
                file. The equivalence enables us to to use the expression as input to navigation:
                
   doc("…")//countryCode

             Second, navigation can be downward (e.g. "…//..") or upward (e.g.
                "ancestor::...") in a vertically unbounded way,
                moving from any current location in a single bout down to the very leaves under it
                and up to the very root above it. Compare this to the navigation in an object tree:
                a downward move can only be achieved recursively, one level per invocation, and
                upward navigation is impossible. 

             Third, resource boundaries do not impose a
                resistence to navigation: the effort to enter a different document is not greater
                than the effort to move within the same document. The following expression moves
                down to uri elements, crosses over into the referenced documents and
                continues its path down into that document:
                
   //uri/doc(.)//countryCode

             Fourth, navigation is a parallel operation,
                multiply rooted and cascading: the starting point may be one or many locations, and
                subsequent steps resume the movement at every location reached by the preceding
                step. This is different from navigation of an object tree, which is a movement from
                single item to single item.

             Fifth, navigation is a generic operation: the
                inventory, the resources to be checked and the code dictionary have different
                semantics, but they are navigated in the same way. Navigation of an object tree, on
                the other hand, must adapt each single step to object types.

             Summarizing the observations, one perceives a continuous space of information: we
                can enter and leave resources at will, and within them we can move up, down, forward
                and backward in a uniform and effortless way. The space is a sum total of
                information which integrates every single accessible XML document. Within this
                space, every item of information is visible and addressable. 

        
    
    
        The XML info space

        This section proposes the notion of an info space as
            an architecture of distributed information which comprises two models, describing
            content and navigation. The definition of the space is guided by the reality introduced
            by XML technology but, being an abstraction, does in no way depend on XML as its
            implementation. Let us summarize some important properties:

        
            The definition


            
                	
                    Space content is decomposable into information items

                            	
                                The space is an unstructured collection of resources

                            

                            	
                                A resource is a structured collection of items

                            

                        

                

                	
                    Inter-item relationships are well defined

                            	
                                Items within a resource are related by axes

                            

                            	
                                Items in different resources are related by URI+axes

                            

                        

                

                	
                    Navigation is item-oriented

                            	
                                Input, output, intermediaries are sets of items

                            

                            	
                                Input, output, intermediaries can reside in multiple
                                    resources

                            

                        

                

                	
                    Navigation is generic

                    
                        	
                            The specification of a movement can be separated from the choice
                                of start items

                        

                        	
                            Any specification of a movement can be applied to any choice of
                                start items

                        

                    

                

                	
                    Information is well defined

                    
                        	
                            Information is a sequence of items

                        

                        	
                            An item is a component with properties

                        

                        	
                            Semantics and value space of item properties are well
                                defined

                        

                    

                

                	
                    Information is expressible

                    
                        	
                            Information is expressible as navigation leading to it

                        

                    

                

            

            It is easy to see how all properties are implemented by current XML technology.
                The resources in question are XML documents [w3c-xml], their
                itemized structure is defined by the node model part of the XDM [w3c-xdm] (which is more suitable as a substrate for navigation than
                the info set model [w3c-infoset]), intra-resource relationships
                are defined by XPath axes [w3c-xpath] and inter-resource
                relationships by the URI standard [uri]. The navigation model is
                provided by XPath [w3c-xpath] and XQuery [w3c-xquery] and the information model by the XDM in its entirety
                    [w3c-xdm].

        
        
             The limitations

            The URIs of all accessible documents are an unstructured collection of strings.
                There is no built-in way how to navigate this collection, iterate over its members
                or in some other way discover URIs. Document access simply requires beforehand
                knowledge of a document URI. If relying on standard XPath functions only, even file
                directories cannot be inspected in order to discover the files it contains. To throw
                light on this limitation, think of a stock of information distributed over thousands
                of XML documents which are accessible either as local files or via HTTP address.
                While on the one hand it is a fascinating thought that anything within that pool of
                documents can be immediately addressed, it can
                become a serious problem how to discover the
                resources: to find out which URI to use. If we compared XML documents to relational
                table rows, the info space would resemble a relational database in which
                    select commands are constrained to specify a primary key. 

        
        
             The boundaries

            Given a computing site - which part of the resources of the world are in the info
                space, and which are not? Any resource not accessible via network or file system is
                obviously not within the info space: this is the physical
                    boundary. But also when physical access is possible, the protocol
                requirements may not be supported by XPath functions providing document access
                (namely the fn:doc function), for example due to the need of supplying
                authorization information or an HTTP body: this is the API
                    boundary. Those resources which are accessible both physically and
                API-wise can be grouped into two categories: XML documents and other resources. The
                former are in the XML info space, the latter are not: the media type boundary excludes any non-XML resources.

        
    
    
         Addressing the limitations of the info space 

         XPath navigation has a strong part and a weak part. Within-resource movement is
            governed by a powerful model – the application of semantic filters (name test and
            predicates) to structural relationships (navigational axes). Between-resource movement,
            on the other hand, is mainly enabled by the fn:doc function, which resolves
            a URI to the corresponding document. This is a lookup requiring beforehand knowledge of
            the key – neither structural nor semantic conditions can be specified. Regarded as a
            means of navigation, the fn:doc function produces “manifold motion making
            little speed” (S. T. Coleridge, “The butterfly”), as it delivers only one result item
            per item of knowledge. The fn:collection function offers multiple items for
            the price of a single URI, but the collection is a pre-defined unit, which often will
            not match the actual requirements. 

         These limitations reflect the nature of the info space, which is an unstructured set
            of unrelated, indistinguishable trees. Or more precisely: trees that cannot be
            distinguished or related until an in-memory representation is constructed, as URIs are
            devoid of semantics. The info space does not relate resource URIs to a structure (like
            directories), does not define inter-resource relationships (like XLink links) and does
            not provide any way how to search for resources (as a database does). 

         Space structure, resource relationships and searchability may, however, be introduced
            on the grounds of data which create a second layer of
            information, built upon the first layer consisting of the resources themselves. Think of
            a linkbase defining relationships between documents, or a data set associating URIs with
            meta information. Data-based navigation aids can be introduced on the application level.
            But they might also be supported by standardization. The basic principle would be to
                extend the dynamic context of XPath evaluation by
            novel components which expose those data to the navigational engine of XPath - enabling
            novel XPath functions, perhaps even novel navigational axes. 

         This section explores some possibilities how standards may be extended in order to
            enhance the possibilities of between-resource navigation. 

        
            XLink per XPath

             XLink [w3c-xlink] is a specification that defines XML syntax
                for describing links between resources. Although these resources are not necessarily
                nodes, we can for the sake of our discussion treat XLink as a language for defining
                node relationships. The basic unit of resource linkage is an arc which maps one set of resources (the starting resources) to
                another set of resources (the ending resources). The arc enables “traversal” from
                any one of the starting resources to any one of the ending resources. This concept
                of XLink traversal is similar, though not identical, to XPath navigation. Both rely
                on a unidirectional mapping from a start or context node to a set of result nodes.
                Consequently, the definition of XLink arcs might be viewed as the definition of
                potential navigation steps available to XPath. Let us investigate possibilities to
                translate XLink-defined arcs into XPath steps. 

             XLink defines containers, called extended links, which hold together a set of
                resource locators and associated arcs, which are mappings between subsets of the
                complete set. (For the sake of clarity, we ignore the possibility of using local
                resources instead of or together with resource locators.) The extended link can
                assign to each of its resources an optional label (NCName). The label is like a
                property attached to the resources which allows them to be identified and grouped
                into subsets of the complete set contained by the extended link. The start and the
                end of an arc is defined in terms of an optional label value: if a label value is
                set, the corresponding subset of resources comprises all resources which have this
                label; if no label value is set, the subset is equal to the complete set. Consider
                the following extended link containing four arcs: 

   <foo xlink:type='extended'>
      <a1 xlink:type='arc' xlink:from='a' xlink:to='b'/>
      <a2 xlink:type='arc' xlink:to='b'/>
      <a3 xlink:type='arc' xlink:from='a'/>
      <a4 xlink:type='arc' />
    
      <res xlink:type='locator' xlink:href='…1' xlink:label='a'/>
      <res xlink:type='locator' xlink:href='…2' xlink:label='b'/>
      <res xlink:type='locator' xlink:href='…3' xlink:label='b'/>
      <res xlink:type='locator' xlink:href='…4' xlink:label='b'/>
      <res xlink:type='locator' xlink:href='…5' xlink:label='c'/>
   </foo>

             The arc <a1> leads from the single one resource associated with a label “a” to
                all three resources with a label “b”; <a2> leads from any one of the five
                resources to the three resources with a label “b”; <a3> leads from the resource
                with a label “a” to all five resources, including itself; and <a4> leads from any
                one of the five resources to all five resources, including itself. 

             An arc is an option for navigation. Given a node (N), a navigation step may be
                specified by selecting a particular arc (A). The
                destination is the collection of nodes which 

                    	
                        is empty if N is not among the starting resources of A

                    

                    	
                        comprises the ending resources of A, otherwise

                    

                
 Such navigation might be integrated into XPath if two changes are
                applied to the current standards: 

                    	
                        extend the static context of XPath by a component Available extended links, comprising the
                            extended links which are “in scope”. (These extended links may be
                            imported as linkbase documents, analogously to the import of in-scope
                            schemas as schema documents.) 

                    

                    	
                         define a new kind of navigation step which is based on the selection
                            of a particular arc 

                    

                
 The new kind of navigation step may be a combination of an
                    xlink axis with an “arc test” selecting arcs. The expression result
                could then be collected from the ending resources of the selected arcs. 

             How to specify the selection of arcs? The XLink standard defines extended links
                to have an optional role property and arcs to have an optional
                    arcrole property, where both properties have as value a URI.
                Therefore a selection of arcs might be specified by two URIs, a role
                selecting extended links and an arcrole selecting arcs within those
                links. If we now deviate from the XLink standard and assume that arcs have an
                additional property, an “arclabel” with an NCName as value, then arc
                selection might be specified by a single QName, as a QName consists of a URI plus an
                NCName. The “arc test” selecting an arc might now be specified by a QName, in
                analogy to the name test which is also specified by a QName, but selects elements or
                attributes . Consider the following expression:
                
   xlink::x:y
 Its value would be determined as
                follows. 

                    	
                         select from the Available extended
                                links those with a role equal to the URI
                            bound to prefix “x” 

                    

                    	
                         within the selected extended links select all arcs with an
                                arclabel equal to “y” 

                    

                    	
                         filter the selected arcs, retaining only those whose set of starting
                            resources “matches” the context node (see below for details) 

                    

                    	
                         obtain as the expression value the union of the ending resources of
                            all arcs retained by the previous step 

                    

                

             A remaining issue is the definition of when a set of starting resources “matches”
                the context node. The proposal is to define matching as containment: the starting
                resources include a node which is either identical to or contains the context node.
                Consider this expression:
                

   doc('foo.xml')//a/xlink::x:y

             The selected arcs may include as starting resource either the document “foo.xml”,
                or the “a” element to which the xlink step is applied, or any ancestor
                of that “a” element. 

             As an alternative to using a new xlink axis, XLink navigation might
                be supported by a new standard function, fn:xlink. In this case, the
                set of extended links to be considered might alternatively be taken from the static
                context or from linkbase documents supplied as a parameter: 

   fn:xlink($arcTest as xs:QName) as node()*
   fn:xlink($arcTest as xs:QName, $linkbases as node()*) as node()*

        
        
            XLink versus data-driven navigation

             XLink defines resource relationships in terms of URI relationships - static
                mappings between single URIs and/or URI collections. The XLink model does not cover
                well a frequent requirement – data-driven navigation, which is guided by data and
                unawares of structural relationships between a current context and the destination.
                For example, assume a document D containing a country code, and further assume a
                collection of documents describing countries, one country per document: how can the
                evaluation of D take advantage of the country description matching the country code? 

             Currently, the navigation model of XPath does not offer standardized support for
                such tasks. Working within the bounds of a single document, this is felt less
                acutely as expressions like //country[@code eq 'FR'] have a sweeping
                nature which removes any structural assumptions apart from which document the
                information is located in. But when the target might be located in other documents,
                the lack of support may become an issue. Navigation between documents requires
                knowledge of a URI. In the general case this will be the target document URI, as
                support for named collections (the fn:collection function) is
                implementation-defined and hence not portable. Without such support we simply cannot
                “look into” other documents without first providing a document URI. 

             If the processor does support the fn:collection function, we can
                access documents without knowledge of individual document URIs. But collections are
                a problematic answer to the challenge of data-driven navigation. The collection is
                not yet the destination of our navigation, but a set of candidates from which to
                select the destination. In order to navigate into one country description, two
                hundred country descriptions have to be parsed (unless they are located in an XML
                database) and queried (unless we can resort to a database index). The greater the
                collection, the greater the overhead incurred by processing the collection in order
                to identify the one or few matching items. When there are a large number of
                candidates – e.g. accumulated log messages – the approach of constructing all
                candidate nodes and then filtering them can quickly become unfeasible. 

             The problem is deep-rooted. As navigational axes are bounded by the document
                border, conventional navigation cannot lead to the discovery of information in other
                documents, unless the URIs of those documents are either known beforehand or
                supplied by a document visited at an earlier navigation step. The next section
                develops a concept of data-driven navigation which is based on a filtering of
                collections which does not require the prior in-memory construction of its
                nodes.

        
        
            Property-faced collections

            
                External node properties

                 Every XML node has a set of properties defined by the XDM data model. An
                    element node, for example, has twelve properties, which include the name,
                    relationships to other nodes ([parent], [children], [attributes]), a type, a
                    typed value and a string value. Evaluation of these properties is what drives
                    XPath navigation, guiding it from a set of starting points to a set of
                    destination nodes. 

                 In certain situations, however, the locating of nodes might be greatly
                    simplified if we manage to associate nodes with additional properties which help us to identify the nodes of
                    interest. Such properties could represent metadata, or they could reflect the
                    contained data, for example echoing a value found at a particular data path
                    within the node, or providing a value derived from contained data, like a
                    minimum or maximum. As these additional properties are not XDM properties, their
                    values are not part of the node data. Hence we call them external node properties. Their nature implies an interesting
                    possibility: they can provide information about a node which is accessible without constructing the node. Access to
                    such information might enhance the navigational model of XPath in general, and
                    add support for data-driven navigation in particular. The following sections
                    describe an approach how to achieve this. 

                 An external property has a name and a value. A set of external node
                    properties can be modelled as a map with which the node is associated. The map
                    entries have a key which represents the property name, and a value which
                    represents the property value. Such a map we call a property face of the node, or p-face for short. Striving to keep things simple, we constrain
                    external node properties to have an NCName and a value which is a sequence of
                    atomic items of type xs:untypedAtomic. The value space of p-faces
                    is accordingly constrained. 

            
            
                Property-faced collections

                 A p-face is not part of the node data – it is merely associated with them. This relationship can be compared to the
                    general relationship between the keys and values of a map: the keys are not part
                    of the values, but only associated with them in the context of the map. Such an
                    association is not global, but scoped to the map. 

                 The association between a node and its p-face is provided by a node
                    collection which contains the node. We introduce the concept of a p-faced collection (short for property-faced
                    collection), which is a conventional node collection plus a mapping associating
                    each node with a p-face. We do not constrain the individual p-faces to use the
                    same property names: the number and names of external properties can vary from
                    node to node. 

                 The following table shows a simple example of a p-faced collection. In this
                    case, all collection members are associated with the same set of external
                    properties. The collection may therefore be represented by a table in which one
                    column identifies the node and the remaining columns represent external
                    properties. 

                        Table 1
                                 Example of a p-faced
                                        collection.  The collection associates
                                each node with three external properties. Property value items are
                                separated by comma. 


                            
                                	node URI
                                	countryCode
                                	neighbourCountries
                                	rivers
                            

                        
                        
                            
                                	file://countries/fr.xml
                                	fr
                                	at, be, ch, de, es, it, lu, mc
                                	Rhein, Loire, Maas, Rhone, Seine, Garonne, Mosel, Marne, …
                            

                            
                                	file://countries/de.xml
                                	de
                                	at, be, ch, cz, dk, fr, lu, nl, pl
                                	Donau, Elbe, Rhein, Oder, Weser, Main, Havel, Mosel, …
                            

                            
                                	file://countries/it.xml
                                	it
                                	at, ch, fr, sm, si, va
                                	Drava, Po, Adige, Tevere, Adda, Oglio, Tanaro, Ticino, ...
                            

                        
                    



                 A p-faced collection can be filtered by supplying a set of conditions to be
                    tested against the p-faces of its nodes. Such a set of conditions we call a
                        p-filter. The result of applying a p-filter
                    to a p-faced collection is a sub collection of the original collection, which we
                    call a p-filtered collection. 

                 A subsequent section will define the syntax and semantics of property filters
                    in detail. For the moment, assume that such a filter may be represented by a
                    string, and further assume that a p-faced collection is identified by a URI.
                    Concatenating the URI and the query string, we can then identify sub collections
                    by a single string, for example:
                    

   http://example.com/pcollections/countries?neighbourCountries=be

                    A new XPath function may provide the functionality of resolving such strings to
                    the node sequences they identify. If the model were adopted by the XPath
                    standard, such a function might be fn:nodes, and one of its
                    signatures might be:
                    

   fn:nodes($uriQuery as xs:string) as node()*

                    The following snippet shows a simple XQuery program using this function: 

   declare variable $country external;
   declare variable $countries := "http://example.com/pcollections/countries";

   <neighbours cy="{$country}">{
      fn:nodes(concat($countries, '?', $country))
   }</neighbours>
 A crucial aspect
                    of p-faced collections is the possibility to separate the evaluation of the
                    p-filter from the construction of the selected nodes. Filter evaluation does not
                    require looking “into” the candidate nodes, in fact it does not require the
                    construction of any nodes. Filter evaluation is an operation on a collection of
                    logical maps, the p-faces. The p-filter engine
                    may treat the nodes as opaque strings, to be delivered as such. Resolving these
                    strings to the nodes they represent is the task of an independent component, the
                        node builder. The operations of p-filter
                    evaluation and node construction are distinct and independent. It follows that
                    the p-filter engine need not be based on XML technology. It is possible, for
                    example, to store the p-faced collection in a relational database table and use
                    as p-filter engine the relational database system. In this case, the p-filter
                    supplied to the fn:nodes function would be translated into a SQL
                    query. It is also possible to store the p-faced collection in a NOSQL object
                    collection. The p-filter engine would then be the NOSQL data base system, and
                    the p-filter would be translated into a NOSQL query. Any p-filter engine can be
                    combined with the same node builder, as the mapping of a string to a node is in
                    no way influenced by the way how the string was obtained. 

                 In summary, p-faced collections promise two distinct benefits. First, they
                    augment the navigational model of XPath with data-based access to information,
                    overcoming the current limitation that document access requires knowledge of the
                    document URI. Second, they offer the possibility to integrate non-XML
                    technologies into the implementation of XML data storage and XPath navigation,
                    which may enhance the scalability of XML based systems significantly. The
                    concept of p-faced collections must now provide 

                        	
                            a model of p-filters in terms of data model, syntax and
                                semantics

                        

                        	
                            a proposal how to integrate p-faced collections into the XPath
                                language

                        

                        	
                            an outline how XPath processors may support the implementation of
                                p-faced collections using non-XML technologies 

                        

                    

            
            
                Filter model

                 A p-filter defines a condition which can be applied to a p-face and yields a
                    Boolean result. As every node in a p-faced collection is associated with a
                    p-face, a p-filter can be used to specify sub collections. This section proposes
                    a generic model of a p-filter, which includes the data model, syntax and
                    semantics. 

                
                    Concept

                     Attempting to strike a balance between simplicity and expressiveness, we
                        constrain a p-filter to consist only of atomic conditions and Boolean
                        conditions. An atomic condition submits the value of one particular property
                        to a particular test, and a Boolean condition is a Boolean operation
                            (and, or, not) applied to the results of atomic and/or
                        Boolean conditions. A p-filter can therefore be viewed as a logical tree
                        with leaves representing atomic conditions and inner nodes representing
                        Boolean conditions. 

                     Atomic conditions are modelled as comparisons between a property value
                        and a test value. Like the property value, also the test value is a sequence
                        of atomic items. These items are specified as literal strings or string
                        patterns – they cannot be references to other property values. The
                        comparison is defined in terms of an operator (=, <, <=, …) and a
                        quantifier (some or every) specifying if all
                        property value items or only at least one item must pass the test. 

                     The information content of a p-filter is defined in terms of the XDM data
                        model, namely as an element information item constrained in particular ways.
                        The data model must be distinguished from the syntax model which defines
                        string representations of this information content. The semantics of a
                        p-filter consist of the rules how to evaluate a p-filter in the context of a
                        p-face to a Boolean result. 

                     The generic p-filter model allows the use of a p-filter engine (for
                        example a particular relational database system) which does not support all
                        possibilities implied by the model. To this end, the model includes the
                        definition of features with
                        implementation-defined values. This approach combines the precise
                        specification of a fairly rich functionality with conformance criteria based
                        on a subset of the functionality, and it provides for a standard way how to
                        express implementation-specific limitations. 

                
                
                    Data model

                     A p-filter is an element information item with the local name
                            filter and a namespace URI yet to be decided. (For the time
                        being we assume the URI
                        http://www.w3.org/2013/xpath-structures). In the following text
                        we use the prefix p to denote this URI. The filter element is either empty
                        or has element-only content. It can have any number of child elements. Each
                        child element represents either a property condition or a Boolean condition. 

                     A property condition specifies a
                        condition referring to a particular property. It is represented by an
                        element information item in no namespace and with a local name equal to the
                        property name. The condition can be structured into four logical components,
                        described by the following table. 

                    
                        Table 2
                                 The components of a
                                        property condition and their XML representation.
                                    
                            


                            
                                	Condition component
                                	XML representationn
                                	Explanation
                            

                        
                        
                            
                                	Property name
                                	The local name of the element.
                                	Note that property names are constrained to be NCNames. If this
                                    is changed, the property name will be represented by the value
                                    of a @name attribute.
                            

                            
                                	Test value
                                	Either the single text child of the element, or the
                                        p:term child elements.
                                	If there is only one test value item, it is represented by the
                                    text content of the element. If there are several items, use for
                                    each item a p:term child element with a single text
                                    child. Note that test value items are literal – they cannot be
                                    references to other property values. Also note that test value
                                    items cannot be accompanied by type information.
                            

                            
                                	Operator
                                	Optional @op attribute; default value: =; valid values: =, !=,
                                    <, <=, >, >=, ~, %, #=, #!=, #<, #<=, #>, #>= 
                                	A leading # indicates a numeric comparison; ~ is a regex match
                                    governed by the XPath regex rules; % is a regex or pattern match
                                    with implementation-defined semantics.
                            

                            
                                	Quantifier
                                	Option @qua attribute; default value: some; valid
                                    values: some, every
                                
                                	If the value is every, the condition requires every
                                    item of the property value to meet the condition; otherwise,
                                    only at least one item must meet the condition.
                            

                        
                    



                     An additional detail concerns the use of regex matching (@op equal ~). In
                        this case test value items containing a # are interpreted as follows: the
                        substring preceding the # is the pattern, the substring following it is a
                        set of match option flags (s, m, x, m, q) as they can be used in the third
                        parameter of standard function fn:matches. 

                     Some examples of property conditions: 

                    
   <time>2013-01-01T00:00:00</time>
   <time op="&lt;">2013-01-01T00:00:00</time>
   <time op="&lt;" qua="every">2013-01-01T00:00:00</time>
   <keywords op="~">^semantic.*</keywords>
   <keywords op="~">^semantic.*#i</keywords>
   <keywords op="~">semantic%</keywords>
   <codes>
      <p:item>DUS</p:item>
      <p:item>CGN</p:item>
   </codes

                     A Boolean condition specifies a Boolean
                        operation applied to the results of other conditions which are property
                        conditions and/or Boolean conditions. A Boolean condition is an element
                        information item with a local name equal to and, or or
                            not and the same namespace URI as the p:filter
                        element. Examples: 

   <p:and>
      <time op="&gt;">2012-12-31T22:30:00</time>
      <time op="&lt;">2013-01-01T00:00:00</time>
      <p:or>
         <travelType op="~">^accommodation.*</travelType>
         <supplier>TUI</supplier>
      </p:or>	
      <p:not>
         <eventDate op="&lt;" qua="every">2013-08-01</eventDate>
      </p:not>
   </p:and>


                

                
                    Syntax

                     Being defined as an element information item, a p-filter can be
                        serialized to a string like any other XML data. However, in certain
                        situations a more compact and intuitive syntax is desirable - for example
                        when passing a p-filter to a REST service as part of a URI. Therefore we
                        define a “query syntax” which represents a p-filter by a non-XML string. The
                        syntax represents a property condition by
                        these patterns: 

   property-name operator testvalue
   property-name operator (testvalueItem-1, testvalueItem-2, ...)
and a Boolean condition by these patterns: 

   condition and condition
   condition or condition                        
   not condition
   not (condition1, condition2, ...)
Parentheses can be used to change the
                        binding of operands to operator (by default: and > or > not). A non-default
                        quantifier (that is, every) is encoded by a prefix character
                        preceding the operator string (e.g. $=). Example of a p-filter rendered in
                        query syntax:

   time >= 2012… 
   and time <=2013…
   and (travelType ~ ^accommodation.* or supplier=TUI) 
   and not(eventData $> 2013-01-01)
Note that this is only a sketch of the
                        intended syntax – a detailed specification is left to future investigation.
                        In particular it must be decided if test values are quoted. 

                
                
                    Semantics

                     A p-filter can be applied to a p-face in order to obtain a Boolean
                        result. The atomic operation of this evaluation is the checking of a single
                        property value item against a single test value item. Such a test is called
                        a comparison constraint. Consequently, the
                        semantics of p-filter evaluation can be divided into general rules and rules
                        governing the evaluation of a comparison constraint. These are the general
                        rules: 

                            	
                                 an empty p-filter evaluates to true
                                

                            

                            	
                                 a non-empty p-filter evaluates to false if at
                                    least one child element evaluates to false
                                

                            

                            	
                                 an and condition evaluations to
                                        false if at least one child element evaluates
                                    to false
                                

                            

                            	
                                 an or condition evaluates to true
                                    if at least one child element evaluates to true
                                

                            

                            	
                                 a not condition evaluates to false
                                    if at least one child element evaluates to true
                                

                            

                            	
                                 a property condition referencing a missing property evaluates
                                    to false
                                

                            

                            	
                                 a property condition with quantifier some
                                    evaluates to true if at least one property value
                                    item and at least one test value item meet the comparison
                                    constraint 

                            

                            	
                                 a property condition with quantifier every
                                    evaluates to false if for at least one property
                                    value item there is no test value item with which it meets the
                                    comparison constraint 

                            

                        
 A comparison constraint is specified in terms of an
                        operator. These are the evaluation rules: 

                            	
                                 the operators =, !=, <, <= >, >= are evaluated by
                                    applying to the operands the corresponding XPath operator;
                                    operands are typed as xs:untypedAtomic
                                

                            

                            	
                                 a comparison operator with a leading # is evaluated by
                                    applying to the operands the corresponding XPath operator;
                                    operands are converted to xs:double
                                

                            

                            	
                                 the operand ~ is evaluated by evaluating the
                                        fn:matches function, using the property value
                                    item as first argument and the regex and options parts of the
                                    test value item as second and third arguments. If the test value
                                    item contains a # character, the regex and options parts are the
                                    substrings before and after the character; otherwise, the regex
                                    part is the complete item and the options part is the empty
                                    string. 

                            

                            	
                                 the operator % has implementation-defined matching semantics
                                

                            

                        

                
            
            
                New XPath functions

                 Given a p-faced collection, p-filters can be used to select a sub collection,
                    retaining only those nodes whose p-face passes the p-filter. This amounts to a
                    logical operation, mapping a collection URI and a p-filter to a sub collection.
                    New XPath functions can make this operation available. Assuming as a tentative
                    function name fn:nodes, three variants may be useful: 
   fn:nodes($collectionUri as xs:string, p:filter as element(p:filter)) as node()*
   fn:nodes($collectionUri as xs:string, p:filter as xs:string) as node()*
   fn:nodes($filteredCollectionUri as xs:string) as node()*
The second signature
                    expects the p-filter in query syntax (see 
                        Syntax). The third signature
                    expects a string composed of a collection URI and a p-filter in query syntax,
                    separated by a ? character, for example:
                    
   http://www.traveltainment.de/pfc/shoppingCart?booking-date=2013-08-01
Also
                    when concatenated with the collection URI, the p-filter in query syntax is not
                    URI-encoded. 

                 The introduction of these functions should be accompanied by an extension of
                    the dynamic context of XPath evaluation: an additional component available property-faced collections provides a
                    mapping of URIs to property-faced collections. A property-faced collection is
                    formally defined as a collection which is associated with a mapping of p-filter
                    instances to sub collections 

            
            
                Exposure by REST-ful web services

                 A p-faced collection can be exposed as a REST-full web service, using as URI
                    the concatenation of collection URI and (URI-encoded) p-filter described in the
                    previous section. As a web service is expected to return a single document,
                    rather than a sequence of nodes, the selected sub collection may be wrapped by
                    an element and thus integrated into a single document. The proposed convention
                    is to use a <p:collection> element with two attributes providing
                    the collection URI and the (not URI-encoded) p-filter. Example: 
   <p:collection uri="http://www.traveltainment.de/pfc/offers" p-filter="destination=PMI"
         xmlns="http://www.traveltainment.de/pfc/offers"
         xmlns:p="http://www.w3.org/2013/xpath-structures"> 
      <offer>...</offer>
      <offer>...</offer>
      <offer>...</offer>
   </p:collection>

            
            
                Deployed and external collections

                 An XPath processor may provide access to two different groups of p-faced
                    collections: 

                        	
                            deployed collections

                        

                        	
                            external collections

                        

                    

                 A deployed collection is accessed according to configuration data. This
                    might, for example, involve the translation of the p-filter into a SQL query,
                    its execution and the construction of nodes from result set data. See 
                        Implementation and configuration
                    for details about the deployment of p-faced collection. 

                 An external collection is accessed by applying the fn:doc
                    function to a URI which is a concatenation of collection URI and (URI-encoded)
                    p-filter in query syntax. The URI is expected to yield a document which
                    represents the selected nodes as child elements of the document element (see
                        
                        Exposure as REST-ful web
                    services)). The fn:nodes function might operate
                    as follows: 

                        	
                             if the collection URI identifies a deployed collection – evaluate
                                the selection in accordance with the configuration data 

                        

                        	
                             otherwise – construct a URI concatenating the collection URI and
                                the p-filter, resolve this URI to a document and deliver the child
                                nodes of the document element 

                        

                    

            
            
                Implementation and configuration

                 A crucial aspect of p-faced collections is that they may be implemented using
                    non-XML technologies, namely relational database tables and NOSQL object
                    collections. This follows from the fact that the node itself is represented by a
                    string and that it is not inspected during the filtering operation.
                    Consequently, the implementation of a p-faced collection is not dealing with any
                    tree structure. The implementation must provide for each node the representation
                    of a logical map in which one entry represents the node itself and the remaining
                    entries represent the names and values of properties. Configuration data include
                    the name of the entry representing the node and specify how the node (if
                    selected) is constructed from the string representing it. The string may be a
                    serialization of the node, or it may consist of locator information, either a
                    regular URI or a locator with implementation-defined semantics. 

                 If the p-faced collection is “homogeneous” in the sense of every node having
                    the same external properties, a relational table is a straightforward choice. If
                    the nodes have different sets of properties, a NOSQL collection may be more
                    appropriate. An example for the latter case are log data, where each log entry
                    has some generic properties including an event type and further properties which
                    are event type-specific. An event of type “file-not-found” may have a property
                    “file-name”, whereas an event “container-delivered” may have properties
                    specifying a container-number and a location. 

                 Configuration data are required in order to enable an XPath processor to
                    access the implementation of a p-faced collection: 

                        	
                            the collection URI

                        

                        	
                             the implementation technology, implying the backend query
                                language to use 

                        

                        	
                             connection data (e.g. database name and credentials and a
                                database table name, or the name of an object collection) 

                        

                        	
                             the type of node representation (serialized node, or URI, or an
                                implementation-defined kind of locator) 

                        

                    

            
            
                Collection features

                 The model of a p-filter includes details which may not be well supported by a
                    particular technology which on the whole seems well-suited to implement p-faced
                    collections. For example, the used technology may not support … 

                        	
                            the regular expression dialect used by XPath

                        

                        	
                            case-sensitive property names

                        

                        	
                            case-sensitive property values

                        

                        	
                            property values with multiple items

                        

                        	
                             searches requiring all property value items to meet a
                                condition

                        

                    
 Two perspectives must be distinguished: 

                        	
                             the collection provider – using a particular implementation
                                technology, his choices of property names and values may be limited
                            

                        

                        	
                             the collection user – certain aspects of selection may not be
                                supported 

                        

                    
 Defining the integration of p-faced collections into XPath, only
                    the second perspective is relevant, as it impacts the semantics of XPath
                    expressions. The first perspective may affect the names and values of
                    properties, but not the syntax and semantics of XPath expressions. Such
                    limitations are hidden from the collection user by the actual use of property
                    names and values. For example, if the technology excludes multiple property
                    values, the collection simply does not use multiple-valued properties; or if the
                    technology does not support case-sensitive property names or values, the
                    collection arbitrarily defines all property names to be lower case (or upper
                    case). 

                 The concept of collection features is
                    introduced in order to enable a standardized representation of limitations, and
                    to enable a definition of conformance which can be achieved in spite of limited
                    support of the p-filter model. The following table presents a tentative set of
                    collection features.

                        Table 3
                                 Collection features.
                                    
                            


                            
                                	Collection feature
                                	Description
                                	Remark
                            

                        
                        
                            
                                	{operators}
                                	A list of supported operators. The list must contain the “=”
                                    operator, all other operators are optional.
                                	A p-filter must not use an operator not contained in
                                    {operators}.
                            

                            
                                	{every-supported}
                                	If false, a p-filter must not contain the
                                        every quantifier.
                                	Every implementation must support the some
                                    quantifier.
                            

                            
                                	{multiple-test-supported}
                                	If false, a p-filter must not specify test values
                                    with multiple items.
                                	The use of multiple test values can be emulated using
                                        p:or.
                            

                        
                    



            
        

    
    
         Pushing the boundaries of the info space 

        The boundaries of the info space distinguish resources that belong to the space from
            resources that do not belong to the space. A resource is excluded from the info space
            for one of these reasons: 

                	
                    Physical inaccessibility

                

                	
                    API-based inaccessibility

                

                	
                    Media type-based inaccessibility

                

            
 Physical access is out of scope. API-based inaccessibility is a target
            for extensions of the XPath function library. Media type-based inaccessibility presently
            amounts to the simple rule: XML resources are within, non-XML resources are not within
            the space. This is the basic weakness of the info space seen as an information
            architecture, and it is arguably the greatest challenge for a well-guided evolution of
            XML. Accordingly, this paper concentrates on the media type boundary and limits itself
            to a couple of notes concerning the API-based boundary. 

         The API-based boundary can be shifted by the introduction of new standard functions
            for accessing XML documents which are presently not accessible using
            fn:doc. These functions might address: 

                	
                    Documents requiring HTTP authorization

                

                	
                    Documents requiring special HTTP header settings

                

                	
                    Documents requiring the HTTP POST method

                

                	
                    Documents within archives (e.g. zip)

                

            
 Conceivable signatures would be (informally, for the sake of brevity):
            
   httpDoc($uri, $username, $password, $headerFields, $body) as document-node() 
   zipDocs($uri, $directories, $namePatterns) as document-node()*

        
            Model oriented resource representation

             The most critical limitation of the info space is its commitment to the XML media
                type. The most important extension of the space can be achieved by overcoming this
                limitation.

             An integration of non-XML resources into the info space is enabled by a
                consistent distinction between information and representation: between model and
                format. The basic principle of XML technology might be applied to non-XML resources:
                information is an instance of the data model. The
                info space can be extended by redefining non-XML formats to be representations of XDM node trees. 

             A format defined to represent node trees might be called a model oriented resource representation: a resource is viewed as a
                unit of information which is captured by a model instance, and this instance is
                represented by the format. The format instance is an expression, the model instance
                its value. 

            
                Introductory example

                 Scenario: we want to check some country codes, we have access to a dictionary
                    of country codes and names, but this dictionary is represented by a CSV dataset. 

                 Now let us assume there is a standardized XML vocabulary for table data,
                    comprising "table", "row" and "cell" elements. And we further assume the
                    existence of a new fn:doc variant which delivers CSV data as an XML
                    node tree based on the table vocabulary. It enables us to select all invalid
                    country codes by a simple expression:
                    
   doc("foo.xml")//countryCode
      [not(. = doc("countries.csv", "csv")//row/cell[1])]

                 This example demonstrates a seamless integration of data from XML and non-XML
                    resources: both participate in the info space. 

            
            
                A generic pattern of integration

                 Let us assume that for a given data format F three sets of rules have been
                    defined: 

                        
                            	R1

                            	
                                Rules how to map an instance of F to a node tree

                            

                        

                        
                            	R2

                            	
                                Rules how to map a node tree to an instance of F

                            

                        

                        
                            	R3

                            	
                                Rules how to decide whether a given node tree can or cannot be
                                    mapped to an instance of F 

                            

                        

                    
 And let us further assume that these rules satisfy two
                    conditions: 

                        
                            	C1

                            	
                                For any format instance G: R1(G) satisfies R3

                            

                        

                        
                            	C2

                            	
                                For any R3-conformant node tree N: R1(R2(N)) is deep-equal to
                                    N

                            

                        

                    
 where R1(G) denotes the result of applying R1 to a
                    format instance G and R2(N) denotes the result of applying R2 to a
                    node tree N. 

                 C1 and C2 imply a constraint concerning round-tripping which starts with a
                    format instance G: the result is a format instance G' which is not necessarily
                    equal G but which is "FORMAT-deep-equal": R1(G) is deep-equal R1(G'). This
                    amounts to defining the information content of a format instance G: it is the
                    node tree provided by R1. Relying on this definition of information content,
                    instances of F can be safely evaluated or modified by evaluating or modifying
                    the corresponding node tree. This is the foundation of an integration of format
                    F into the info space. 

                 A normative definition of rule sets R1, R2 and R3 enables the standardized
                    integration of a non-XML format into the info space. This requires two
                    extensions of the XML standards. The first extension is an XPath function which
                    parses an instance of the format into a node tree, reflecting R1. The second
                    change extends the XML serialization model [w3c-serialization]
                    by the definition of a serialization to format F, reflecting R2 and R3. The
                    interface of serialization is accordingly extended by an additional value of the
                    serialization parameter model. 

                 A concrete proposal for the required XPath function is the introduction of a
                    second variant of fn:doc which has an additional parameter
                    specifying the source data format:
                    
   fn:doc($uri as xs:string, $mediaType as xs:string) as document-node()

                    Assuming that rule sets have been standardized for the formats HTML, JSON, CSV,
                    SQL and CSS, access to non-XML resources might look like this:
                    
   fn:doc("http://example.com/foo.htm", "htm")
   fn:doc("http://example.com/foo.jsn", "jsn")                        
   fn:doc("http://example.com/foo.csv", "csv")
   fn:doc("http://example.com/foo.sql", "sql")
   fn:doc("http://example.com/foo.css", "css")

                    The following sections explore how the rule sets govering parsing and
                    serialization may be defined. 

            
            
                Vocabulary based integration

                 Domain-specific languages (like SQL) and non-recursive generic formats (like
                    CSV) may be represented by a particular XML vocabulary. The formal definition of
                    such a vocabulary might comprise an XSD and a (possibly empty) set of additional
                    constraints expressible as XPath assertions. As a simple example, the vocabulary
                    for representing CSV data might be defined as a schema containing element
                    declarations with names like "table", "row" and "cell" as well as type
                    definitions constraining a table element to have only
                        row children and row elements to have only
                        cell children. An additional constraint might prescribe that
                    every row element has the same number of cell children:
                    
   count(distinct-values(//row/count(cell))) eq 1

                    As a second example, an SQL vocabulary might contain a specific element for each
                    SQL statement, with a content model designed to capture all information which
                    the SQL syntax may convey. 

                 Wiki dialects are non-XML formats representing a node vocabulary (XHTML). The
                    motivation is of course not integration into the info space, but access to a
                    rendering processor. And here a format was added to an existing node vocabulary,
                    whereas integration adds a node vocabulary to an existing format. Nevertheless,
                    it is interesting to notice the popularity which a non-XML/HTML representation
                    of node trees can attain. Standardization work might take this phenomenon into
                    consideration. 

            
            
                Vocabulary-assisted integration

                Vocabulary-based integration is natural for formats which do not themselves
                    generate vocabularies as JSON does. Such a generative format might in principle
                    be mapped to a fixed XML vocabulary, by mapping the names supplied by the format
                    instance to XML data, rather than to XML names.
                    However, if the format has a recursive structure – like JSON – the resulting XML
                    would look unnatural and be inconvenient to evaluate. Such a mapping would have
                    very limited practical value, and it would violate the concept of integration as
                    explained in 
                        a generic pattern of integration.
                    The concept is based on regarding non-XML formats as alternative representations
                    of node trees, as if the node trees were the original information and the format
                    were a means to capture this information. If the node tree looks unnatural, the
                    image presupposes the desire to convey information which is unnaturally
                    structured in the first place, which is absurd. 

                 If JSON is redefined to be the representation of node trees, these node trees
                    should probably capture JSON names by node names. Several approaches of mapping
                    JSON to XML have done that as far as possible (e.g. [couthures], [basex-json], [hunter], [lee], [pemberton]) but they could not achieve
                    two goals: 

                        	
                            Represent any JSON name by an equal node name

                        

                        	
                            Renounce the use of XML nodes containing JSON-related control
                                information

                        

                    
 The first problem arises from the fact that XML names are
                    QNames. The second problem reflects a mismatch of data models: whereas JSON uses
                    two distinct content models, one a map and the other a sequence of anonymous
                    items, XML has a single content model which is sequence-and-name based. The XML
                    model can be used to emulate the JSON models, but it cannot express them
                    natively. Those mapping approaches might be classified as vocabulary-assisted:
                    the bulk of items is named after their JSON counterparts, but a small additional
                    vocabulary is used in order to specify relationships between the nodes and their
                    JSON counterparts. These additional items prevent an evaluation of the node tree
                    from ignoring representations and only seeing the node tree itself. 

            
            
                Native integration

                 JSON is, like XML, recursively defined and generates vocabularies. The ideal
                    way to integrate it into the info space would be native integration: every JSON
                    instance should be the representation of a node tree which natively expresses
                    the JSON content, so that it can be serialized to JSON based on the node
                    properties only, without requiring the presence of additional nodes guiding the
                    serialization. Native integration of JSON is not possible due to differences of
                    the XML and JSON data models: the XML model is not a superset of the JSON model. 

            
        
        
            The extension of XML

            JSON is a very popular generic markup language. If the XML data model is not a
                superset of the JSON model, it must be questioned if the XML data model is qualified
                to define the info space - an information architecture not tied to a particular
                markup language. The XML data model is very expressive and allows representing
                virtually any tree-structured data as long as each node cannot have more than one
                parent. But in three cases (at least) a given structure must be emulated, rather
                than be expressed natively. Calling the data to be represented a source tree
                composed of nodes, these are: 

                    	
                        If a source node has a name which is not a valid QName, the XML node
                            has a different name.

                    

                    	
                         If a source node is anonymous, the XML node must nevertheless have a
                            name. 

                    

                    	
                         If a source node has unordered content, the XML node cannot avoid
                            adding the information of a particular order – the data model does not
                            allow “switching off” the meaningfulness of order. 

                    

                
 The emulation may deal with arbitrary names either by mapping the
                original name to an NCName or by shifting the source name into data (e.g. an
                attribute). Anonymous nodes can be represented by nodes with an arbitrary name. The
                insignificance of order can be conveyed by out-of-band information. As long as one
                can start and end with XML, these workarounds are not perceived as serious issues.
                Likewise, as long as an initial JSON representation can be permanently replaced by
                XML, there is also no problem as the emulation provides semantic equivalence. But if
                there is a need to maintain a relationship between
                node tree and JSON representation, one discovers that there is no way to natively
                express arbitrary JSON data by an XML node tree. 

             (2) and (3) amount to a mismatch between XML and the dominant content model used
                in programming languages: which is a choice between sequence-based (an "array" of
                anonymous items) and key-based content ("map", "hash", etc.: an unordered collection
                of keyed items). XML has one single content model which is a curious hybrid:
                sequence+name based, which means the content is always ordered (array-like), but
                each sequence item has a name, which is key-like but not a key, as it is not
                required to be unique among the siblings. 

             The fact that virtually any tree-structured information can be emulated in XML
                has encouraged the view that the content model is sufficient. The fact that the
                content model is not as generic as it seems on first sight – that it is incapable of
                expressing natively arrays, maps and string-based names – has not yet caught much
                attention. This might change if the concept of an info space gains momentum. The
                concept implies a certain shift of priorities, attaching importance to a native
                representation of non-XML resources by the XML data model. Such a representation is
                required for seamless navigation: navigation which sees the information content (the
                model instance) and is unaware of future or past representations. 

            
                Extension of the XML data model

                 Rennau [rennau] proposed an extension of the XML data model
                    which claims to enable a native representation of JSON data. The proposal
                    introduces the same boolean choice of content organization as is used in common
                    programming language like Java: a choice between the sequence based model (which
                    is the only model in current XML) and an alternative model which is truly
                    map-based: the child elements are unordered, and every child element has a
                    string-typed key – which is a new node property, [key]. The choice between the
                    two content models is made by each complex element, and therefore it is modeled
                    as a second new node property, [model]. It has two values, "sequence" and "map",
                    and the relationship between the two new properties is constrained as follows:
                    (a) an element with a non-null [key] must have a parent element with [model]
                    equal "map"; (b) an element with a null [key] must not have a parent element
                    with [model] equal "map". In other words: "map" elements have unordered children
                    which must have keys, and "sequence" elements have ordered children which must
                    not have keys.

                 Concerning the handling of anonymous items, Rennau proposed the introduction
                    of "unspecific standard names", but this is unsatisfactory, as it renounces the
                    goal of a genuinely native representation: the only natural representation of an
                    anonymous item is an anonymous item. Therefore we should modify the XML data
                    model by allowing anonymous elements. A JSON array would thus be an elegant
                    representation of an element node with [model] equal "sequence" and anonymous
                    child elements. 

                 In summary, the following extensions of the XML data model should be
                    considered, as they promise to overcome the limitations which disqualify the
                    model as foundation of the info space: (a) addition of two new node properties,
                    [model] and [key]; (b) modification of the property [node-name], introducing the
                    possibility of a null value. 

            
            
                Extension of the XML syntax

                 Introducing new node properties implies the necessity to define the
                    representation of these properties in XML syntax. Rennau proposed the use of
                    "pseudo attributes" which look like attributes but do not represent attribute
                    nodes, as they represent node properties: 

                        	
                            udl:model - indicates the value of the [model] property

                        

                        	
                            udl:key - indicates the value of the [key] property

                        

                    
 where the prefix "udl" stands for "unified document language".
                    As a consequence, however, the XML representation of a JSON instance tends to be
                    cluttered with pseudo-attributes, which is perhaps a less important disadvantage
                    as it may seem, as the processing of JSON-supplied data is as elegant as the
                    processing of XML-supplied data (see below, Extension of the XPath/XQuery language) and the very info space
                    architecture encourages the use of JSON notation whereever it seems more
                    attractive than XML notation (see below, Markup integration) . 

                 However, a refusal to express the new node properties with the same
                    immediateness as the other properties is unsatisfactory. Pseudo-attributes are
                    an adequate representation of a node property when they can be expected to be
                    rare, as for example xml:type attributes. However, knowing in
                    advance that the XML representation of JSON-supplied data will produce XML
                    documents which are studded with pseudo-attributes - rendering them hardly
                    readable - we are motivated to go a step further and truly extend the XML
                    syntax, introducing new syntax constructs. The goal is to ensure readable XML
                    representations also of such node trees as are constructed from JSON instances.
                    The following syntax extensions should therefore be considered: 

                        	
                             A special character preceding an element name indicates that its
                                [model] is "map", rather than "sequence". Example: <~foo> 

                        

                        	
                             The key can be expressed within the element tag by the quoted key
                                value. Example: <foo "2012"> 

                        

                        	
                             Anonymous elements which do not have a key use instead of an
                                element name a special character. Example: <*> 

                        

                        	
                             Anonymous elements which do have a key are represented by
                                shifting the quoted key value to the beginning of the tag. Example:
                                <"2012"> 

                        

                    
 These rules would allow an acceptable representation of JSON
                    data in XML syntax. A special advantage is that a given information content –
                    e.g. a web service response – might then be served without
                        changes alternatively in JSON or XML. Example: 
   <~getWeatherResponse>
         <"temperature min">28</"temperature min">
         <"temperature max">32</"temperature max"> 
   </~getWeatherResponse>
                        
   {
      "temperature min" : 28,
      "temperature max" : 32
   }
 To round these considerations off, a further detail of Rennau's proposal
                    which concerns the XML syntax should be retained: for elements which have a
                    parent element with [model] equal "map", the key defaults to the local name.
                    Therefore, a slight modification of the above example would look like this: 
   <~getWeatherResponse>
      <temperatureMin>28</temperatureMin>
      <temperatureMax>32</temperatureMax> 
   </~getWeatherResponse>
 In this variant the child elements are not any more
                    anonymous but have a local name equal to the key. 

            
            
                Extension of the XPath/XQuery language

                 Integration of non-XML resources into the info space is driven by the desire
                    to make them accessible to navigation and evaluation. The extension of the data
                    model by a new [key] property must therefore be mirrored by an extension of the
                    XPath semantics. Rennau proposed the introduction of a third node test, the "key
                    test" which functions in analogy to the name test: selecting elements with a
                    given key, rather than elements with a given name. Being a node test, the key
                    test is combined with navigational axes in the same way as a name test. The
                    syntax of a key test is a special character (proposed: "#") followed by the key
                    value within quotes. Examples:
                    
   $response/#"temperature min"
   $response//#"2012"                        
   $item/ancestor-or-self::#"AC#A-2917"

                    Thanks to the key test, JSON-supplied data can be navigated with the same ease
                    as XML-supplied data, using key tests to select among object members and
                    conventional numerical predicates to select among array items:
                    
   $response//#"weather"/#"temperatures"/*[3]


                 Whereas the key test provides for navigation, Rennau also proposed an
                    extension of XQuery which enables the construction of nodes using JSON syntax.
                    The extension is purely syntactical: an additional syntax which is a JSON-style
                    shorthand notation for the construction of nodes which, due to their properties,
                    correspond to JSON objects and arrays. For example, the following XQuery
                    constructor: 
   <*>
      <"temperature min">{$min}</"temperature min">                        
      <"temperature max">{$max}</"temperature max">
      <"temperatures">{for $v in $values return <*>{$v}</*>}</"temperatures">
   </*>
 can equivalently be written using JSON syntax: 
   {
      "temperature min" : $min,
      "temperature max" : $max,
      "temperatures" : [ $values ]
   }
 The XQuery construction of JSON data using JSON syntax is as convenient as
                    the construction of XML data using XML syntax. Taken together, the proposed
                    extensions of XPath and XQuery ensure a complete integration of JSON into the
                    info space: 

                        	
                             JSON instances can be navigated as easily as any other node
                                trees. 

                        

                        	
                             JSON instances can be constructed using JSON syntax. 

                        

                    

            
        
        
            Markup integration

             Every syntax which is defined to be the representation of a node tree might be
                integrated into XML markup. Provided that any section using non-XML syntax 

                    	
                        identifies the syntax it uses

                    

                    	
                        is clearly delimited

                    

                    	
                        appears in a place where a sequence of elements might appear

                    

                
 the document text is guaranteed to be parsable into a node tree in
                an unambiguous way. Rennau proposed a restricted use of this new possibility which
                allows to provide element contents in non-XML
                syntax. The proposal is to introduce a pseudo-attribute (udl:markup)
                which identifies the syntax used to encode the element content. As a consequence,
                the following text would be a valid XML document: 
   <~getWeatherResponse udl:markup="json">
      "temperature min" : 28,
      "temperature max" : 32
      "temperatures" : [28, 28, 30, 32, 31]
   </~getWeatherResponse>
 Note that the getWeatherResponse element
                has three child elements, as the content of an element with
                    udl:markup='...' is defined to be the nodes resulting from parsing
                the text found between start tag and end tag according to the parsing rules for
                format '...'. 

        
    
    
        Wrapping up

         The info space is an information architecture consisting of distributed resources
            whose information content is defined to be a node tree, understood as an instance of the
            (slightly extended) XDM data model. The resources are identified by URIs and accessed by
            XPath functions (fn:doc, fn:httpDoc, ...) which hide the
            actual data formats and expose the node structure. Taken together, the node structure of
            all accessible resources provides a uniform substrate for navigation and discovery. 

         It should be noted that the concept of a "resource" as used in the info space model
            is different from the use in Fielding's REST model [fielding]. The
            latter defines a resource as a conceptual unit whose mapping to concrete representations
            is a function of time. The resources of the info space are units of information which
            are values, precisely defined in terms of a node tree.
            As such, they are more closely related to Fielding's concept of a resource
            representation than to his concept of a resource. On the other hand, the insistence on a
            well-defined information content is in sharp contrast
            with Fielding's model, in which there is no place for such a thing. Resources of the
            info space are the accessible resource representations (in Fielding's sense) which can
            be resolved to a node tree. As such, the info space is a snapshot of all accessible resource representations (in Fielding's
            sense) which have a media type defined to represent a node tree, according to the
            standardizations endorsed by the W3C. 

         Fielding's REST model is aimed at an architecture for the internet, understood as a
            distributed hypermedia system. His view of resource navigation assumes a model of
            application behaviour in which the rendering of resource representations powers
            subsequent navigation by supplying embedded links. The info space model, on the other
            hand, is unconcerned with application behaviour and paints a picture in which nothing
            appears but information, aggregated into distinct resources and nevertheless coalesced
            into a single, homogeneous substrate of information. Embedded links are predefined
            point-to-point connections. The connectivity of the info space, however, relies on XPath
            navigation, which is like an ubiquitous field of possibility, potentially leading from
            anywhere to anywhere. Therefore the info space is not a net but more like a space: it
            integrates anything (any resource) appearing within it.

         The info space integrates information on a global scale, relying on a 
            uniform data model. The same can be said about RDF [w3c-rdf]. 
            What is the relationship
            between the XML info space and RDF? RDF is about 
            semantic integration,
            establishing the identities of real world resources described
            by the data. The RDF data model is designed to enable the
            assembling of distributed items into synthetic descriptions,
            which are organized by the identities of the described
            resources. 

         The XML info space, on the other hand, is about 
            navigational integration, offering
            it as a possible foundation for semantic integration. The semantic integration
            is left to applications which are supposed to understand
            the trees they are dealing with as a coherent, structured unit - 
            rather than regarding them as a
            "mine" from which to undig self-contained items of information (triples).
            Such a dealing with well-understood resources
            is the typical task of conventional applications. They know
            what to do with, say, /a/b/c taken from one resource and with
            /x/y/z taken from another resource, and how they are related. 
            For such applications the benefit of simple and efficient 
            navigation is probably
            greater than the benefit of further aids how to find out those
            meanings and relationships. Therefore conventional
            applications 
            may profit from the navigational info space
            immensely and probably far less from the semantic space created by RDF.
            Nevertheless, there may be a wonderful synergy between the
            XML space and the RDF space yet to be explored.
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    Introduction


    RESTful Service Description Language (RSDL) is an XML vocabulary for designing and
      documenting hypermedia-driven RESTful Services. RSDL takes a purist hypermedia-driven approach
      to REST design, requiring that a service have a single entry point, and focusing the design on
      resources, links, and media types. By representing the concepts of REST in a formal
      vocabulary, RSDL helps designers of an interface think more clearly about the design process.
      In our work at EMC Corporation, we teach and coach RESTful design, evaluate proposed REST
      interfaces for products and internal services, and produce documentation for these interfaces.
      We created RSDL to make our work more efficient, and we have begun using it as a teaching
      tool, a standard format for specifications that allows us to track design changes in source
      code control, test for design consistency with specification-driven programs, and produce
      documentation.


    The REST community has little consensus on how to document a RESTful service beyond this
      well-known Roy Fielding quote: 

        Any effort spent describing what methods to use on what URIs of interest should be
          entirely defined within the scope of the processing rules for a media type (and, in most
          cases, already defined by existing media types). [Failure here implies that out-of-band
          information is driving interaction instead of hypertext.]

      
While this gives excellent guidance about things that should not be documented,
      it tells us that we should focus on documenting a media type without telling us how to do so.
      Well-designed RESTful services are loosely coupled, allowing a client to use the service with
      no prior knowledge beyond an initial URI and a set of media types. But this gives little
      concrete guidance to a person who is specifying a RESTful service, and needs to know precisely
      what information should be provided to a client, which fundamential concepts should be
      documented for a media type, how dependencies on multiple media types in a single service
      should be represented, where to document semantics specific to the application domain, or how
      to organize all of the information that belongs in a specification. 


    This paper presents RESTful Service Description Language (RSDL, pronounced "risdle"), an
      XML vocabulary that provides a structured way to specify a RESTful service. RSDL is still
      being developed.

  

  
    What should a RESTful service description describe?


    The description for a RESTful service should describe semantics specific to the service
      that go beyond functionality known to a generic REST client. In RSDL, every RESTful service
      has a single entry point, which corresponds to a home resource, and all other resources can be
      discovered from the home resource using links. The structure of a RSDL description enforces
      these design constraints. 


    A RSDL description focuses on describing the following items:

    
      	
        Media types, with documentation and an optional link to a schema or description that
          documents each media type used in a service. This includes the kinds of response bodies
          sent by the server, and how to find links in them and identify specific kinds of
          link.

      

      	
        Resources, designating one resource as the service entry point.

      

      	
        Links for each resource and the resources they refer to.

      

      	
        Methods allowed for each resource, and the associated requests and responses.

      

      	
        HTTP headers, including custom headers.

      

      	
        Authentication mechanisms and identity providers, which can be specified for the
          entire service or at the individual resource level.

      

      	
        URI parameters and URI templates.

      

      	
        HTTP status codes, which are described at the service level (not at the individual
          request level or the resource level), but can be referenced at the request level if need
          be.

      

    


    It is important to clearly understand the relationship between services, resources, links,
      URIs, methods, representations, and media types. A RESTful service is a collection of
      resources, which are identified by URIs. To start using a service, a client needs an entry
      point. A service's published entry point is the URI of the home resource. All other resources
      should be discoverable from the home resource using links, which identify URIs that refer to
      other resources, and can be used for HTTP requests. A client can do a GET to
      obtain a representation of a resource in, say, XML or JSON. A representation is a sequence of
      bytes that represents the current state of a resource; the syntax and semantics of a
      representation are defined by the corresponding media type. Note that a representation is not
      the same thing as a resource, it is merely the data required to represent the resource's
      state. You cannot send HTTP requests to a representation, you send HTTP requests to a
      resource. You cannot parse or generate a resource, you can parse or generate a representation.
      These distinctions are important, and they are reflected in the structure of RSDL. For
      instance, a media type can provide schemas or descriptions that describe the structure of its
      representations. A resource describes the HTTP requests that can be applied to a resource. In
      RSDL, we view links as an abstraction that represents the potential relationship among
      resources, they have a concrete representation in a given media type. If a given resource has
      both an XML representation and a JSON representation, the same links will be represented in
      different ways by the two media types.


    In addition to information that is provided for the benefit of REST clients, some other
      aspects of a REST design should be specified in a structured way simply for the purpose of
      fostering consistent design in the implementation. The design and structure of URIs is a
      particularly important example of this—clients should treat URIs as opaque, but server-side
      implementations need to understand the URIs they respond to, and URIs often contain metadata
      that is useful for someone who is learning an API interactively, so consistent structure in
      URIs is important. The purist side of us would like to leave the structure of URIs completely
      out of the specification, but in practice, the URI formats often link the specification to the
      actual implementation. RSDL allow the structure of a URI to be specified, and variable
      portions of a URI can be specified using a URI template (rfc6570). Our
      documentation stylesheets omit the URI structure in client API documentation for all resources
      except the home resource.



    This information is highly structured, with many cross references and semantic
      constraints, but it is typically documented in formats like HTML, Wiki pages, or word
      processing documents, which offer no aid in getting the structure right. And although this
      information is often reused in many different ways, it is not generally created in formats
      that foster reuse. Beyond that, an XML representation of a RESTful web service is extremely
      useful for teaching RESTful service design, creating and maintain designs over time alongside
      implementation code, guiding the process of design, visualizing and evaluating service designs
      created by others, generating various forms of human and machine-readable documentation,
      providing data for testing clients, and generating stubs for server-side code. The structure
      of RSDL's schema can guide the design process, nudging designs to be more RESTful[1].


    A RESTful service typically needs to document additional information beyond normal HTTP
      semantics. RSDL allows the following to be documented either in schemas or documentation
      associated with a mediatype, or in documentation elements, which allow documentation to be
      written in HTML, DocBook, or other formats, and can be placed throughout a RSDL description.
      This information includes:


    
      	
        Application semantics that are orthogonal to REST per se. This is information that is
          completely unknown to a generic REST client, but this information largely defines what the
          application is all about. This includes the application semantics of most XML elements or
          JSON properties. For instance, in Atom, these semantics include the meaning of container
          elements like feeds, entries, and content, and metadata elements like author, category,
          and contributor, etc. In the HTML media type, these semantics include all intended browser
          behavior implied by the data that does not involve the use of links.

      


      	
        Protocol semantics added by a particular media type. For instance, the Atom Publishing
          Protocol specifies that a POST to a collection URI adds a new member to a collection, a
          side-effect that would be difficult for a generic client to discover if it had no
          knowledge of the media type.

      

    


     The best-known description language for REST is WADL. WADL provides a
      detailed, well-structured description of a REST interface, but the structure of WADL is driven
      by URI patterns and server-side implementation concerns rather than hypermedia-driven design.
      WADL has been criticized for inviting URI-based tight coupling between the client and the
      server, so that changes to server-side code can break existing clients. From a REST
      perspective, the main problem with WADL is that it exposes interfaces using static metadata,
      instead of describing conventions for discovering and using links, and even provides tools to
      create stub code for clients and servers from the WADL description, code that is guaranteed to
      rely on this static metadata. WADL directly exposes URIs and fixed paths instead of relying on
      links, documents specific errors instead of relying on generic HTTP processing, and does not
      distinguish information needed to specify the server from information provided to the client
      interface. 

    In many ways, RSDL is similar to WADL, with a great deal of overlap in the information
      that is represented. But RSDL is designed for hypermedia-driven services. In RSDL, every
      service has a single published entry point, which corresponds to a home resource, and all
      other resources can be discovered from the home resource using links. Like WADL, RSDL
      describes resources and relationships among resources, but RSDL always uses links to describe
      relationships. Like WADL, RSDL describes the methods that can be used for to a given resource,
      but RSDL does not describe expected error codes for each method; instead, it relies on the use
      of generic HTTP status codes; if specific semantics are required, e.g. to document the use of
      a redirect for authentication purposes, RSDL allows the semantics of a given status code to be
      documented globally for the service. Like WADL, RSDL allows schemas that describe expected
      formats for representations, but RSDL also allows descriptions in other formats, including W3C
      XML Schemas, Relax-NG, JSON Schema, HTML descriptions, text-based descriptions, or anything
      else that can be referred to with a URI. 

  

  
    A Sample RSDL Description


    The following RSDL example describes a simple service that supports a collection of
      documents. The service uses several media types: an XML Home document as the entry point, an
      atom feed to represent the collection of documents, an HTML description that describes the
      service, and a media type for the documents used in the service. The schema for RSDL is
      provided in an appendix. Documentation is embedded at
      many points in the description, using a separate documentation module that is included. The
      appendixes provide documentation modules for HTML and
        DocBook, this example uses the HTML
      module.


    
      The Documents Service

<?xml version="1.0" encoding="utf-8"?>
<service name="Documents" 
  identity-provider-ref="idp" 
  xmlns="http://identifiers.emc.com/rsdl"
  xmlns:html="http://www.w3.org/1999/xhtml/">

  <documentation>This RESTful service provides a simple ATOM feed that allows documents to be read,
    created, modified, or deleted. </documentation>

  <start ref="res-home"/>

  <media-types>
    <media-type id="med-document" name="application/vnd.example.document+xml">
      <documentation> The media type for the service described by this RSDL description.</documentation>
      <description href="example.com/mediatypes/documents.rnc" type="rnc"/>
    </media-type>
    <media-type id="med-home-xml" name="application/home+xml">
      <documentation> Home Documents for HTTP Services: XML Syntax </documentation>
      <description href="http://tools.ietf.org/html/draft-wilde-home-xml-01.html" type="html"/>
    </media-type>
    <media-type id="med-atom" name="application/atom+xml">
      <documentation> Atom feeds, updateable using AtomPub conventions, with feed paging.
      </documentation>
    </media-type>
    <media-type id="med-html" name="text/html">
      <documentation> HTML documents. </documentation>
    </media-type>
  </media-types>

  <resources>
    <resource id="res-home" name="home">
      <location uri="/"/>
      <links>
        <link link-relation-ref="rel-documents" resource-ref="res-documents"/>
        <link link-relation-ref="rel-about" resource-ref="res-about"/>
      </links>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-home-xml" entity="resources"/>
          </response>
        </method>
      </methods>
    </resource>

    <resource id="res-documents" name="documents">
      <location uri="/documents"/>
      <links>
        <link link-relation-ref="rel-self" resource-ref="res-documents"/>
        <link link-relation-ref="rel-first" resource-ref="res-documents"/>
        <link link-relation-ref="rel-next" resource-ref="res-documents"/>
        <link link-relation-ref="rel-last" resource-ref="res-documents"/>
        <link link-relation-ref="rel-previous" resource-ref="res-documents"/>

        <link link-relation-ref="rel-alternate" resource-ref="res-document">
          <documentation> 
            In an ATOM feed, we use the alternate link relation to indicate the member
            type. 
          </documentation>
        </link>
      </links>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-atom" entity="atom:feed"/>
          </response>
        </method>
        <method name="POST">
          <request>
            <documentation>Creates a document</documentation>
            <representation media-type-ref="med-document" entity="document"/>
          </request>
          <response>
            <documentation>Returns the newly created document</documentation>
            <representation media-type-ref="med-document" entity="document"/>
          </response>
        </method>
      </methods>
    </resource>

    <resource id="res-document" name="document">
      <documentation> </documentation>
      <location template="/document/{oid}">
        <var name="oid">
          <documentation> Identifier for the document. </documentation>
        </var>
      </location>
      <links>
        <link link-relation-ref="rel-self" resource-ref="res-document"/>
      </links>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-document" entity="res-document"/>
          </response>
        </method>

        <method name="PUT">
          <request>
            <representation media-type-ref="med-document" entity="res-document"/>
          </request>
        </method>

        <method name="DELETE"/>

      </methods>
    </resource>

    <resource id="res-about" name="about" public="true">
      <documentation>An HTML page describing the service.</documentation>
      <location uri="/about"/>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-html" entity="html"/>
          </response>
        </method>
      </methods>
    </resource>

  </resources>

  <link-relations>
    <documentation> Link relations used in the media-type. IANA link relations can be found <ref
        uri="http://www.iana.org/assignments/link-relations/link-relations.xml">here</ref>. Non-IANA
      link relations will be registered on identifiers.example.com. </documentation>

    <link-relation id="rel-about" name="about"/>
    <link-relation id="rel-alternate" name="alternate"/>
    <link-relation id="rel-self" name="self"/>
    <link-relation id="rel-edit" name="edit"/>
    <link-relation id="rel-first" name="first"/>
    <link-relation id="rel-last" name="last"/>
    <link-relation id="rel-next" name="next"/>
    <link-relation id="rel-previous" name="previous"/>
    <link-relation id="rel-parent" name="parent"/>

    <link-relation id="rel-documents" name="identifiers.example.com/linkrel/documents"/>

  </link-relations>

  <headers>
    <header id="hea-authenticate" name="WWW-Authenticate" type="request"/>
  </headers>

  <authentication>
    <mechanism id="aut-http" name="HTTP Authentication" authentication-type="rfc2617">
      <documentation> 
        We use HTTP Authentication as defined in <ref uri="http://tools.ietf.org/html/rfc2617">RFC 2617</ref> 
        with custom schemes. If an unauthenticated user tries to access a protected resource, a 
        <ref status-code="sta-unauthorized"/> status is returned, along with one or more 
        <ref header="hea-authenticate"/> headers, each of which contains an authentication 
        <html:em>challenge</html:em>. The challenges consist of a scheme followed by one or more parameters. 
      </documentation>
      <scheme name="basic">
        <parameter name="realm"/>
      </scheme>       
    </mechanism>
    <identity-provider id="idp" mechanism-ref="aut-http"/>        
  </authentication>

  <status-codes>
    <status id="sta-unauthorized" code="401">
      <documentation> The request requires authentication. When this status code is returned, the
        response contains one or more <ref header="hea-authenticate"/> headers that each contain an
          <ref mechanism="aut-http">authentication challenge</ref>. </documentation>
    </status>
  </status-codes>
</service>

    


    This example will be examined in more detail in the following section.


  

  
    The Structure of a RSDL Description


    In this section, we will explore the structure of a RSDL description, using the example
      from the previous section. 


    
      Service

      The top-level element for a RSDL description is the service element. Here is the
        structure of the service element, in Relax-NG Compact syntax, together with the optional
        attribute used to designate an identity provider for authentication, and a start element
        that identifies the home resource.

      
start = service
service =
    element service {
        id?,
        name,
        identity-provider-ref?,
        documentation?,
        service-start,
        media-types,
        resources,
        link-relations?,
        headers?,
        authentication?,
        status-codes?,
        uri-parameters?
    }
    
service-start = element start { idref }
idref = attribute ref { xsd:IDREF }

identity-provider-ref = attribute identity-provider-ref { xsd:IDREF }    
        


      Consider the following fragment:


      
<service name="Documents"    
  identity-provider-ref="idp"
  xmlns="http://identifiers.emc.com/rsdl"
  xmlns:html="http://www.w3.org/1999/xhtml/">

  <documentation> This RESTful service provides a simple ATOM feed that allows documents to be read,
    created, modified, or deleted. </documentation>

  <start ref="res-home"/>

  !!! SNIP !!!
  
 </service>
        


      The name of a service is provided primarily for human beings who need to
        refer to the service. REST clients do not use a name to identify a service, they enter a
        service using the URI of the home resource.[2]


      The identity-provider-ref attribute refers to an identity provider that can
        be used to authenticate for the service. This attribute is an IDREF that refers
        to an identity provider in the authentication element, which is discussed
        later. If an identity provider is specified, all resources require authentication by
        default, unless declared public (this is described in the section on
        resources). If no identity provider is specified, resources do not require
        authentication by default, but an individual resource can specify an identity
        provider.


      The start element identifies the home resource, which is the published
        entry point for the service. Because every RESTful service should have a single published
        entry point, the start element is required. 


    

    
      Media Types


      In RSDL, media types describe the resource representations used in a REST service. In
        the systems we design, it is quite common for a service to use multiple media types; for
        instance, the example we are discussing is focused on documents, but it also uses XML Home
        Documents to provide a set of available links in the home resource, uses Atom and AtomPub
        with feeds to represent collections, and uses HTML to provide a human-readable description
        of the service. The resource representations for a media type may be in XML, for which there
        are standard schema languages, but they may also use JSON or any other format, and the
        authoritative description for a given media type may be a document available in HTML, text,
        PDF, or some other format. Some media types are shared among multiple specifications, other
        media types have no authoritative description. Two media types may represent the same
        properties in XML and JSON respectively. Because of this, media type descriptions in RSDL
        allow reference to any available schema or description in formats we use, but they do not
        require a schema or a description, and a media type can be documented directly in its
          documentation element. Because some services need both XML and JSON
        representations, we also allow RSDL descriptions to avoid duplication by specifying
        properties in resources rather than in the media types, and documenting the manner in which
        properties are mapped to the corresponding +xml or +json media
        types. This is described in the section on resources. 


      The following schema fragment describes RSDL media types. 



      
media-types = element media-types { documentation?, media-type* }
media-type = element media-type { id?, name, documentation?, description* }
media-type-ref = attribute media-type-ref { xsd:IDREF }

description = element description { type, href, documentation? }
type = attribute type { "rnc" | "rng" | "xsd" | "JSONSchema" | "sedola" | "text" | "html" }
href = attribute href { xsd:anyURI }        
      


      The type attribute of a media type description refers to the language of
        the document referred to by the href attribute. It can be an XML schema (in
        Relax-NG Compact Syntax (rnc), Relax-NG (rng), or W3C XML Schema
          (xsd), a JSON Schema (JSONSchema), a human readable description
        (in text or html), or Sedola (sedola), an XML format
        that provides a structured description of a media type with cross-references into the
        document that defines it.[3]
      



      Here are the media types for our example:


      
  <media-types>
    <media-type id="med-document" name="application/vnd.example.document+xml">
      <documentation> The media type for the service described by this RSDL description.</documentation>
      <description href="example.com/mediatypes/documents.rnc" type="rnc"/>
    </media-type>
    <media-type id="med-home-xml" name="application/home+xml">
      <documentation> Home Documents for HTTP Services: XML Syntax </documentation>
      <description href="http://tools.ietf.org/html/draft-wilde-home-xml-01.html" type="html"/>
    </media-type>
    <media-type id="med-atom" name="application/atom+xml">
      <documentation> Atom feeds, updateable using AtomPub conventions, with feed paging.
      </documentation>
    </media-type>
    <media-type id="med-html" name="text/html">
      <documentation> HTML documents. </documentation>
    </media-type>
  </media-types>        
      


      Note that the media-type for
          application/vnd.example.document+xml provides both inline documentation and a
        schema, the media-type for application/home+xml provides inline
        documentation and a reference to an HTML page, and the media-types for
          application/atom+xml and text/html provide only brief inline
        documentation. 


    


    
      Resources


      Resources are at the heart of RSDL, which provides rich support for them. Here is a
        schema fragment for resources:

      
resources = element resources { id?, documentation?, resource* }
resource =
    element resource {
        documentation?,
        id,
        name,
        identity-provider-ref?,
        public?,
        status?,
        extends?,
        location?,
        properties?,
        links?,
        methods
    }
    
name = attribute name { text }
public = attribute public { "true" }

status = implementation-status?, design-status?
implementation-status =
    attribute implementation-status {
        "future" | "assigned" | "poc" | "partial" | "complete" | "passed"
    }
design-status =
    attribute design-status { "future" | "assigned" | "poc" | "partial" | "complete" | "approved" }
    
# A resource can extend an existing resource definition, inheriting what it already defines.
extends = attribute extends { xsd:IDREF }

location = element location { documentation?, (uri | (uri-template, var*)) }
uri = attribute uri { xsd:anyURI }
uri-template = attribute template { xsd:string }
# uri-parameter-ref indicates that the value is supplied by the client, using a URI parameter.
# If no uri-parameter-ref is present, the value is supplied by the server.
var = element var { documentation?, id?, name, uri?, uri-parameter-ref? }

properties = element properties { documentation?, property* }
property = element property { id?, name, documentation? }

links = element links { documentation?, link* }
link = element link { link-relation-ref, resource-ref, status?, documentation? }
resource-ref = attribute resource-ref { xsd:IDREF }
link-relation-ref = attribute link-relation-ref { xsd:anyURI }

methods = element methods { method* }
method = element method { id?, method-name, status?, request?, response? }
method-name = attribute name { http-method }

request = element request { documentation?, request-uri-parameters?, header-refs?, representation* }
response =
    element response { documentation?, response-status-codes?, header-refs?, representation* }
request-uri-parameters = element uri-parameters { request-uri-parameter }
request-uri-parameter = element uri-parameter { idref }
# When possible, avoid documenting status codes at the individual request level.
# If you have to, declare it globally and refer to it from the request.
response-status-codes =
    element status-codes {
        element status-code { ref }*
    }
# When possible, avoid documenting headers at the individual request level.
# If you have to, declare it globally and refer to it from the request.    
header-refs = element header-refs { documentation?, header-ref* }
header-ref = element header-ref { ref }
representation = element representation { documentation?, media-type-ref, entity? }
entity = attribute entity { text }
http-method = "GET" | "PUT" | "HEAD" | "POST" | "DELETE" | "TRACE" | "OPTIONS" | "CONNECT" | "PATCH"    
      

      Let's look at three resources from our example. The home resource for our example is an
        XML Home Document. In our own designs, we frequently use json-home, or
          xml-home as the home document for a resource, but Atom feeds are also
        popular as home documents, and some services use a single application-domain object as the
        home document. Here is the RSDL description of an XML Home Document resource:

      
    <resource id="res-home" name="home">
      <location uri="/"/>
      <links>
        <link link-relation-ref="rel-self" resource-ref="res-documents"/>      
        <link link-relation-ref="rel-documents" resource-ref="res-documents"/>
        <link link-relation-ref="rel-about" resource-ref="res-about"/>
      </links>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-home-xml" entity="resources"/>
          </response>
        </method>
      </methods>
    </resource>

      In this example, the methods and the links define the interface for the resource. Like
        the name of a service, the name of a resource is not part of the interface. Neither is the
          id, it exists to allow cross-reference in a RSDL description. Nor is the
          location element, which is optional.

      A method specifies an HTTP method name that is supported for the resource in which it
        contains and the request or response associated with the method.
        In the above example, a GET method results in a response that contains the
        representation of an XML Home Document, which was specified in the media types we discussed
        in an earlier section.

      The links each define a transition to another resource. Each link contains a reference
        to a globally declared link relation, discussed later, and the resource to which the link
        resolves. One link element is created for each (link-relation-ref,
          resource-ref) pair. Note that RSDL allows links to be defined only in terms
        of link relations, not in terms of the structure of URIs. A link refers to a resource, not a
        representation; to find the available representations for a resource, look at the resource
        and see what it returns for GET. In this example, the second link contains a
        reference to a globally declared link relation with the id rel-documents, which
        is defined as follows: 

      
      <link-relation id="rel-documents" name="identifiers.example.com/linkrel/documents"/>
      

      It also contains a reference to the resource with the id res-documents, an
        Atom feed which is described below:

      
    <resource id="res-documents" name="documents">
      <location uri="/documents"/>
      <links>
        <link link-relation-ref="rel-self" resource-ref="res-documents"/>
        
        <link link-relation-ref="rel-first" resource-ref="res-documents"/>
        <link link-relation-ref="rel-next" resource-ref="res-documents"/>
        <link link-relation-ref="rel-last" resource-ref="res-documents"/>
        <link link-relation-ref="rel-previous" resource-ref="res-documents"/>

        <link link-relation-ref="rel-alternate" resource-ref="res-document">
          <documentation> 
            In an ATOM feed, we use the alternate link relation to indicate the member
            type. 
          </documentation>
        </link>
      </links>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-atom" entity="atom:feed"/>
          </response>
        </method>
        <method name="POST">
          <request>
            <documentation>Creates a document</documentation>          
            <representation media-type-ref="med-document" entity="document"/>
          </request>
          <response>
            <documentation>Returns the newly created document</documentation>          
            <representation media-type-ref="med-document" entity="document"/>
          </response>
        </method>
      </methods>
    </resource>
  

      This resource is an Atom feed that supports paging and adding new documents. The
        following link relations refer to the IANA standard link relations used for paging:

      
<link-relation id="rel-first" name="first"/>
<link-relation id="rel-last" name="last"/>
<link-relation id="rel-next" name="next"/>
<link-relation id="rel-previous" name="previous"/>
   

      Because this resource supports AtomPub, it has a POST method. Both the request and the
        response refer to the document entity, as defined by the media type with the
        identifier med-document.

            
<method name="POST">
    <request>
        <documentation>Creates a document</documentation>
        <representation media-type-ref="med-document" entity="document"/>
    </request>
    <response>
        <documentation>Returns the newly created document</documentation>
        <representation media-type-ref="med-document" entity="document"/>
    </response>
</method>  
   

      This resource uses the IANA standard alternate link relation to describe
        the type of the collection's members:

      
<link link-relation-ref="rel-alternate" resource-ref="res-document">
   <documentation> 
       In an ATOM feed, we use the alternate link relation to indicate the member type. 
   </documentation>
</link> 
      

      Here is the resource that corresponds to the member type:

      
    <resource id="res-document" name="document">
      <location template="/document/{oid}">
        <var name="oid">
          <documentation> Identifier for the document. </documentation>
        </var>
      </location>
      <links>
        <link link-relation-ref="rel-self" resource-ref="res-document"/>
      </links>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-document" entity="res-document"/>
          </response>
        </method>

        <method name="PUT">
          <request>
            <representation media-type-ref="med-document" entity="res-document"/>
          </request>
        </method>

        <method name="DELETE"/>

      </methods>
    </resource>
    

      Sometimes a resource has different authentication constraints than other resources in
        the same service. In our example, the about resource does not require
        authentication, even though the service has specified authentication globally. This is
        expressed using the public=true attribute:

      
<resource id="res-about" name="about" public="true">
    <documentation>An HTML page describing the service.</documentation>
    <location uri="/about"/>
    <methods>
        <method name="GET">
            <response>
                <representation media-type-ref="med-html" entity="html"/>
            </response>
        </method>
    </methods>
</resource>
      

      The opposite situation is also common - a service may need no authentication on most
        resources, but require authentication for specific resources such as a payment resource, or
        perhaps one resource uses a different kind of authentication from others. Both can be
        expressed using an identity-provider-ref attribute on the resource, specifying
        the authentication to be used.

      The location element is always optional, and is not part of the client
        interface. It specifies a location URI or a URI template that describes the format of a URI
        that resolves to a given resource. Here are two location elements that illustrate both
        possibilities:

      
<location uri="/about"/>            
        

      
<location template="/document/{oid}">
    <var name="oid">
        <documentation> Identifier for the document. </documentation>
    </var>
</location>  
        

      A variable in a URI template sometimes corresponds to a URI parameter that should be
        provided by the client. This can be expressed by adding a uri-parameter-ref
        attribute to the variable:

      
<location template="/document/{oid}">
    <var name="oid" uri-parameter-ref="par-oid"/>
</location>  
        


      URI parameters can also be specified in a request. For instance, if we want to allow an
        Atom feed to be sorted, we could provide a URI parameter to specify the sort in the
          GET request:


      
<method name="GET">
    <request>
        <uri-parameters>
            <uri-parameter ref="par-sortby"/> 
        </uri-parameters>            
    </request>
    <response>
        <representation media-type-ref="med-atom" entity="feed"/>
    </response>
</method>        
        


      On a resource element, the extends attribute allows one
        resource to inherit all items from an existing resource and extend it by adding further
        items or override existing items. For instance, the following description creates an
          invoice resource that inherits everything found in a document
        resource, and adds a link to represent the customer for an invoice:

      
<resource id="res-invoice" name="invoice" extends="res-document">
  <links>
    <link link-relation-ref="rel-customer" resource-ref="res-customer"/>
  </links>  
</resource>
        


      Status attributes on a resource element can be used to track both the
        design status and the implementation status:


            
<resource id="res-document" name="document" design-status="approved" implementation-status="poc">      
      


      property elements can be used to specify properties of a resource. This is
        typically done when more than one media type represents the same resource, in order to
        minimize redundant specification. In this case, the media types should describe how a
        property is mapped to its representation. Note that property elements are defined purely by
        documentation, they do not have a standard type system or a standard set of
        datatypes.


      
<properties>
    <property name="expiration">
        <documentation>A date, representing the expiration date of the document.</documentation>
    </property>   
</properties>        
      

    

    
      Link Relations


      Link relations are declared globally. We recommend that even IANA standard link
        relations be documented for a service, because there are many standard link relations, and
        their meaning is not completely specified, their meaning needs to be specified concretely
        for a given service. Link relations are declared globally and referred to from individual
        resources. If the name of a link relation is not registered with IANA, its name should be a
        URI, such as identifiers.example.com/linkrel/documents.


      
  <link-relations>
    <documentation> Link relations used in the media-type. IANA link relations can be found <ref
        uri="http://www.iana.org/assignments/link-relations/link-relations.xml">here</ref>. Non-IANA
      link relations will be registered on identifiers.example.com. </documentation>

    <link-relation id="rel-about" name="about"/>
    <link-relation id="rel-alternate" name="alternate"/>
    <link-relation id="rel-self" name="self"/>
    <link-relation id="rel-edit" name="edit"/>
    <link-relation id="rel-first" name="first"/>
    <link-relation id="rel-last" name="last"/>
    <link-relation id="rel-next" name="next"/>
    <link-relation id="rel-previous" name="previous"/>
    <link-relation id="rel-parent" name="parent"/>

    <link-relation id="rel-documents" name="identifiers.example.com/linkrel/documents"/>

  </link-relations>        
      

    

    
      Headers


      Headers are declared globally. We recommend that even standard HTTP headers be
        documented for a service, so that clients know what is required.


      
  <headers>
    <header id="hea-authenticate" name="WWW-Authenticate" type="request"/>
  </headers>        
      

    

    
      Authentication


      Authentication mechanisms and identity providers are declared globally. Here is the
        schema fragment for authentication:


      
authentication = element authentication { mechanism*,  identity-provider* }
mechanism = element mechanism { id?, name, authentication-type, documentation?, scheme* }
mechanism-ref = attribute mechanism-ref { xsd:IDREF }
identity-provider = element identity-provider { id, mechanism-ref }
authentication-type = attribute authentication-type { text }
scheme = element scheme { id?, name, documentation?, scheme-parameter* }
scheme-parameter = element parameter { id?, name, documentation? }        
        


      Here is the authentication used in our example:


      
  <authentication>
    <mechanism id="aut-http" name="HTTP Authentication" authentication-type="rfc2617">
      <documentation> 
        We use HTTP Authentication as defined in <ref uri="http://tools.ietf.org/html/rfc2617">RFC 2617</ref> 
        with custom schemes. If an unauthenticated user tries to access a protected resource, a 
        <ref status-code="sta-unauthorized"/> status is returned, along with one or more 
        <ref header="hea-authenticate"/> headers, each of which contains an authentication 
        <html:em>challenge</html:em>. The challenges consist of a scheme followed by one or more parameters. 
      </documentation>
      <scheme name="basic">
        <parameter name="realm"/>
      </scheme>
      <identity-provider id="idp" mechanism-ref="aut-http"/>       
    </mechanism>
  </authentication>        
      



    

    
      Status Codes



      Status codes are declared globally. In order to avoid tight coupling, we do not provide
        a direct mechanism for documenting status codes for an individual request (the documentation
        for a request can refer to globally declared status codes as necessary). We recommend that a
        service document any uncommon status codes or uncommon uses of status codes at the service
        level so that clients can be prepared to handle them. Details of error conditions can be
        reported with draft-nottingham-http-problem-04 conventions using the
          http-problem element, as specified in the schema


      
status-codes = element status-codes { documentation?, status-code* }
status-code = element status { code, id, documentation?, http-problem? }
status-code-ref = attribute ref { xsd:IDREF }
code = attribute code { HTTP-status-enum }
HTTP-status-enum =
    "100"
    | "101"
    | "102"
    | "200"
    | "201"
    | "203"
    | "204"
    | "205"
    | "206"
    | "207"
    | "208"
    | "301"
    | "302"
    | "303"
    | "304"
    | "305"
    | "306"
    | "307"
    | "308"
    | "400"
    | "401"
    | "402"
    | "403"
    | "404"
    | "405"
    | "406"
    | "407"
    | "408"
    | "409"
    | "410"
    | "411"
    | "412"
    | "413"
    | "414"
    | "415"
    | "416"
    | "417"
    | "418"
    | "420"
    | "422"
    | "423"
    | "424"
    | "425"
    | "426"
    | "428"
    | "429"
    | "431"
    | "444"
    | "449"
    | "450"
    | "451"
    | "494"
    | "495"
    | "496"
    | "497"
    | "499"
    | "500"
    | "501"
    | "502"
    | "503"
    | "504"
    | "505"
    | "506"
    | "507"
    | "508"
    | "509"
    | "510"
    | "511"
    | "598"
    | "599"        
      


    

    
      URI Parameters


      URI parameters are declared globally, and can be referenced from requests
        in methods.


      
  <uri-parameters>
    <uri-parameter id="par-sortby" name="sortby" datatype="string">
      <documentation>
        Specifies a sort order for the collection.
      </documentation>
    </uri-parameter>
  </uri-parameters>         
      

    

    
      Documentation Modules


      The content allowed within a documentation element is defined by a separate
        module that is imported.


      
include "documentation.rnc"        
      


      We have defined modules for HTML and for DocBook. A documentation element can
        have a title, which is treated much like a section header, and an inline
        attribute. Documentation that contains code examples, tables, multiple sections, or large
        amounts of text can be marked inline="false" so that a stylesheet can convert
        it to endnotes, a popup window, or whatever representation is appropriate to the format the
        stylesheet produces.


      Here is the first part of the HTML documentation module:


      
namespace html = "http://www.w3.org/1999/xhtml/"
namespace docbook = "http://docbook.org/ns/docbook"

documentation = element documentation { inline?, doc-title?, html }

inline = attribute inline { ( "true" | "false" ) }
doc-title = element title { text }

html =  html-content*
html-content = (html-element | text | ref)
html-element = element html:* { html-attribute*, html-content* }
html-attribute = attribute * { text? }


      Documentation frequently needs to refer to items from the RSDL description itself, so we
        support typed references interspersed with documentation:


      
ref = element ref {
  (  attribute idref { xsd:IDREF }
  | attribute uri { xsd:anyURI }
  | attribute media-type { xsd:IDREF }
  | attribute header { xsd:IDREF }
  | attribute mechanism { xsd:IDREF }
  | attribute identity-provider { xsd:IDREF }
  | attribute scheme { xsd:IDREF }
  | attribute scheme-parameter { xsd:IDREF }
  | attribute status-code { xsd:IDREF }
  | attribute uri-parameter { xsd:IDREF }
  | attribute resources { xsd:IDREF }
  | attribute resource { xsd:IDREF }
  | attribute var { xsd:IDREF }
  | attribute property { xsd:IDREF } 
  | attribute header { xsd:IDREF } 
  | attribute method { xsd:IDREF } 
  ),
  text?  # Uses the name of the referred item if not provided
}       
      


      We have already seen an example that uses ref elements in the
          documentation element for a mechanism:


      
  <authentication>
    <mechanism id="aut-http" name="HTTP Authentication" authentication-type="rfc2617">
      <documentation> 
        We use HTTP Authentication as defined in <ref uri="http://tools.ietf.org/html/rfc2617">RFC 2617</ref> 
        with custom schemes. If an unauthenticated user tries to access a protected resource, a 
        <ref status-code="sta-unauthorized"/> status is returned, along with one or more 
        <ref header="hea-authenticate"/> headers, each of which contains an authentication 
        <html:em>challenge</html:em>. The challenges consist of a scheme followed by one or more parameters. 
      </documentation>
      <scheme name="basic">
        <parameter name="realm"/>
      </scheme>
      <identity-provider id="idp" mechanism-ref="aut-http"/>      
    </mechanism>
  </authentication>        
        

    

  

  
    Initial Experience


    RSDL is quite new. We have recently started using it for some REST projects in the
      Information Intelligence Group at EMC Corporation. In this section, we would like to share our
      experiences so far.


    We have found RSDL a valuable teaching tool in the hands of a teacher who is comfortable
      editing XML. On two projects, one of the authors was involved with an early design that was
      having difficulty ramping up the design, and responded by editing a RSDL description on a
      shared screen during a phone call with an engineer from the project. In each case, it was easy
      to copy similar designs from existing RSDL descriptions and modify them, then provide the RSDL
      description to the engineer as an initial skeleton for the design. With a standard description
      language, we believe we will be able to grow a library of common REST design patterns that can
      be copied and modified to design a REST interface.


    Before RSDL, we maintained our REST specifications largely in Wikis, and a single design
      was frequently distributed across many Wiki pages. As a specification matured, it was
      difficult to keep these pages in sync, with accurate cross-references. More than one page
      might purport to represent the same design, different pages might represent the same
      information in more than one way, and the Wiki pages did little to enforce REST conventions.
      RSDL makes it much easier to version a design. By checking a RSDL description into source code
      control, reviewers can see changes in the design specification along with code changes, and it
      is always possible to retrieve the design specification that corresponds to a particular
      version of the code.


    Before RSDL, user documentation was created from information in these Wikis, initially by
      converting it to DocBook. RSDL allows this to be done using an XSLT transformation. We expect
      to integrate RSDL into our documentation tool chain. 


    While the structure of a URI should not be provided to clients, we have found that it is
      important for actually implementing a service. For instance, if the URI structure is included,
      skeleton code could be generated to create stubs that can be used to implement a server, using
      a REST framework such as JAX-RS for Java. 


    We have been experimenting with REST clients that perform QA testing using a RSDL
      description. One of us wrote a REST client that takes a RSDL file as input and issues HTTP
      requests, navigating the service, and ensuring that each response corresponds to the RSDL
      description and reporting any deviations. In effect, the test client infers the design from
      the actual implementation, and compares it to the design specified by the RSDL description. As
      a result, we found missing resources and links in the implementation, and resources that had
      been implemented but not specified, and methods that should not be available on a resource. We
      also found code that did not properly handle edge cases for data provided via URI templates
      (in the future, we may develop a fuzzer to test for this kind of problem). We have used this
      test client in our build process. When a new resource is implemented, or an existing one is
      changed, we can test to see if the RSDL was also updated appropriately. If not, the build
      fails. Because both the build process and the documentation are synchronized with the
      specification, we can guarantee that the specification, the code, and the documentation are
      kept in sync.



  

  
    Future Work


    This section describes some tools that have not yet been written, or in very early stages,
      that we are considering implementing.


    RSDL Lint is an XSLT transform that checks a RSDL description for internal consistency. In
      its current form, it ensures that an IDREF refers to an element of the
      appropriate type, ensures that identifiers follow our in-house standards, screens for media
      types that we do not allow in our interfaces, and warns of items that cannot be reached from
      the home resource by navigation. It can be integrated into the build process, raising either
      errors or warnings. We expect to expand the functionality of RSDL Lint significantly.


    When documenting REST APIs, we often want to capture the results of concrete scenarios
      running on a server and show the entire sequence of calls, including the URIs, requests, and
      responses. We are writing a tool executes a message flow using an XML vocabulary that refers
      to the components of a RSDL description. This tool generates HTML to document the requests and
      responses of the message flow. As the specification evolves, or the data in the server
      changes, the message flow can be run again to create up-to-date documentation. 


    We plan to experiment with domain-specific editors and browsers for RSDL, including the
      ability to select templates that implement standard RESTful design patterns so that they can
      be modified.

  

  
    Conclusions


    RSDL provides a formal notation that can be used to think more clearly about the model for
      a RESTful service. It is an XML vocabulary designed for loosely-coupled, hypermedia-driven
      RESTful design, and supports the rich structure and cross references of a REST service. We
      find it useful as a teaching tool, a design tool, and a way to represent known design patterns
      that can be copied and modified in a new RESTful service. RSDL can be used to generate
      documentation in various formats. 

    As a machine-readable description, RSDL can be used for software-based testing of design
      consistency constraints, dynamic testing of the implementation based on the design, and in a
      variety of other tools. These tools can be integrated with the build process, identifying
      mismatches between the specification and the implementation. By versioning a RSDL description
      together with source code, reviewers can see changes in the design specification along with
      code changes, and it is always possible to retrieve the design specification that corresponds
      to a particular version of the code.

    


  

  
    RSDL Schema

    The following schema, in RELAX-NG compact syntax, defines RSDL.

    

default namespace rsdl = "http://identifiers.emc.com/rsdl"

include "documentation.rnc"

start = service
service =
    element service {
        id?,
        name,
        identity-provider-ref?,
        documentation?,
        service-start,
        media-types,
        resources,
        link-relations?,
        headers?,
        authentication?,
        status-codes?,
        uri-parameters?
    }
    
id = attribute id { xsd:ID }
idref = attribute ref { xsd:IDREF }

service-start = element start { idref }
identity-provider-ref = attribute identity-provider-ref { xsd:IDREF }

media-types = element media-types { documentation?, media-type* }
media-type = element media-type { id?, name, documentation?, description* }
media-type-ref = attribute media-type-ref { xsd:IDREF }
description = element description { type, href, documentation? }
type = attribute type { "rnc" | "rng" | "xsd" | "JSONSchema" | "sedola" | "text" | "html" }
href = attribute href { xsd:anyURI }

resources = element resources { id?, documentation?, resource* }
resource =
    element resource {
        documentation?,
        id,
        name,
        identity-provider-ref?,
        public?,
        status?,
        extends?,
        location?,
        properties?,
        links?,
        methods
    }
    
name = attribute name { text }
public = attribute public { "true" }

status = implementation-status?, design-status?
implementation-status =
    attribute implementation-status {
        "future" | "assigned" | "poc" | "partial" | "complete" | "passed"
    }
design-status =
    attribute design-status { "future" | "assigned" | "poc" | "partial" | "complete" | "approved" }
# A resource can extend an existing resource definition, inheriting what it already defines.

extends = attribute extends { xsd:IDREF }

location =
    element location {
        documentation?,
        (uri | (uri-template, var*))
    }
uri-template = attribute template { xsd:string }
# URI refers to a link relation. If absent, it is a local link relation, identified by name.
# uri-parameter-ref indicates that the value is supplied by the client, using a URI parameter.
#    If no uri-parameter-ref is present, the value is supplied by the server.
var = element var { documentation?, id?, name, uri?, uri-parameter-ref? }

properties = element properties { documentation?, property* }
property = element property { id?, name, documentation? }

links = element links { documentation?, link* }
link = element link { link-relation-ref, resource-ref, status?, documentation? }
resource-ref = attribute resource-ref { xsd:IDREF }
link-relation-ref = attribute link-relation-ref { xsd:anyURI }

methods = element methods { method* }
method = element method { id?, method-name, status?, request?, response? }
method-name = attribute name { http-method }
request = element request { documentation?, request-uri-parameters?, header-refs?, representation* }
response =
    element response { documentation?, response-status-codes?, header-refs?, representation* }
request-uri-parameters = element uri-parameters { request-uri-parameter }
request-uri-parameter = element uri-parameter { idref }
response-status-codes =
    element status-codes {
        element status-code { ref }*
    }

header-refs = element header-refs { documentation?, header-ref* }
header-ref = element header-ref { ref }

representation = element representation { documentation?, media-type-ref, entity? }
entity = attribute entity { text }

http-method = "GET" | "PUT" | "HEAD" | "POST" | "DELETE" | "TRACE" | "OPTIONS" | "CONNECT" | "PATCH"

link-relations = element link-relations { documentation?, link-relation* }
link-relation = element link-relation { documentation?, id, status, link-relation-name, href? }
link-relation-name = attribute name { xsd:anyURI }

headers = element headers { header* }
header = element header { id?, name, header-type, documentation? }
header-type = attribute type { "request" | "response" | "general" | "entity" }

authentication = element authentication { mechanism*, identity-provider? }
mechanism = element mechanism { id?, name, authentication-type, documentation?, scheme* }
mechanism-ref = attribute mechanism-ref { xsd:IDREF }
identity-provider = element identity-provider { id, mechanism-ref }
authentication-type = attribute authentication-type { text }
scheme = element scheme { id?, name, documentation?, scheme-parameter* }
scheme-parameter = element parameter { id?, name, documentation? }

status-codes = element status-codes { documentation?, status-code* }
status-code = element status { code, id, documentation?, http-problem? }
status-code-ref = attribute ref { xsd:IDREF }
code = attribute code { HTTP-status-enum }
HTTP-status-enum =
    "100"
    | "101"
    | "102"
    | "200"
    | "201"
    | "203"
    | "204"
    | "205"
    | "206"
    | "207"
    | "208"
    | "301"
    | "302"
    | "303"
    | "304"
    | "305"
    | "306"
    | "307"
    | "308"
    | "400"
    | "401"
    | "402"
    | "403"
    | "404"
    | "405"
    | "406"
    | "407"
    | "408"
    | "409"
    | "410"
    | "411"
    | "412"
    | "413"
    | "414"
    | "415"
    | "416"
    | "417"
    | "418"
    | "420"
    | "422"
    | "423"
    | "424"
    | "425"
    | "426"
    | "428"
    | "429"
    | "431"
    | "444"
    | "449"
    | "450"
    | "451"
    | "494"
    | "495"
    | "496"
    | "497"
    | "499"
    | "500"
    | "501"
    | "502"
    | "503"
    | "504"
    | "505"
    | "506"
    | "507"
    | "508"
    | "509"
    | "510"
    | "511"
    | "598"
    | "599"

http-problem = element problem { problemType, title, detail, supportId, more }
problemType = element problemType { xsd:anyURI }
title = element title { text }
detail = element detail { text }
supportId = element supportId { xsd:anyURI }
more = element more { foreign-element* }
foreign-element = element * - rsdl:* { any-attribute*, (foreign-element* | text)* }
any-attribute = attribute * { text? }

uri-parameters = element uri-parameters { documentation?, uri-parameter* }
uri-parameter =
    element uri-parameter { id?, name, documentation, datatype, value-range?, default-value? }
uri-parameter-ref = attribute uri-parameter-ref { xsd:IDREF }

datatype =
    attribute datatype {
        "string"
        | "boolean"
        | "decimal"
        | "float"
        | "double"
        | "duration"
        | "dateTime"
        | "time"
        | "date"
        | "hexBinary"
        | "base64Binary"
        | "anyURI"
        | "integer"
        | "language"
        | "ID"
        | "IDREF"
        | "integer"
        | "long"
        | "short"
        | "byte"
    }

value-range = element value-range { text }
default-value = element default { text }

uri = attribute uri { xsd:anyURI }

# ref elements are used in the documentation modules
ref =
    element ref {
        ((attribute idref { xsd:IDREF }
          | attribute uri { xsd:anyURI }
          | attribute media-type { xsd:IDREF }
          | attribute header { xsd:IDREF }
          | attribute mechanism { xsd:IDREF }
          | attribute identity-provider { xsd:IDREF }
          | attribute scheme { xsd:IDREF }
          | attribute scheme-parameter { xsd:IDREF }
          | attribute status-code { xsd:IDREF }
          | attribute uri-parameter { xsd:IDREF }
          | attribute resources { xsd:IDREF }
          | attribute resource { xsd:IDREF }
          | attribute var { xsd:IDREF }
          | attribute property { xsd:IDREF }
          | attribute header { xsd:IDREF }
          | attribute method { xsd:IDREF }),
         text?)
        # Uses the name of the referred item if not provided
        
    }

    

  

  
    HTML module for RSDL Documentation

    
namespace html = "http://www.w3.org/1999/xhtml/"

documentation = element documentation { inline?, doc-title?, html }

inline = attribute inline { ( "true" | "false" ) }
doc-title = element title { text }

html =  html-content*
html-content = (html-element | text | ref)
html-element = element html:* { html-attribute*, html-content* }
html-attribute = attribute * { text? }      
    

  

  
    DocBook module for RSDL Documentation


    
namespace docbook = "http://docbook.org/ns/docbook"

documentation = element documentation { inline?, doc-title?, docbook }

inline = attribute inline { ( "true" | "false" ) }
doc-title = element title { text }

docbook =  docbook-content*
docbook-content = (docbook-element | text | ref)
docbook-element = element docbook:* { docbook-attribute*, docbook-content* }
docbook-attribute = attribute * { text? }
      
    

  

  
    An XSLT Stylesheet for RSDL

    The following stylesheet converts a RSDL description to an HTML page.

    
<?xml version="1.0"?>
<xsl:stylesheet version="1.0" xmlns:xs="http://www.w3.org/2001/XMLSchema"  
    xmlns:xsl="http://www.w3.org/1999/XSL/Transform" xmlns:html="http://www.w3.org/1999/xhtml/"
    xmlns:rsdl="http://identifiers.emc.com/rsdl">
  <xsl:output method="html" encoding ="utf-8" indent="no"/>
  <xsl:strip-space elements="*"/>

  <xsl:key name="status" match="//rsdl:status-codes/rsdl:status" use="@code" />
    
  <xsl:template match="/rsdl:service">
    <html>
      <head>
        <title><xsl:call-template name="title"/></title>
        <xsl:call-template name="style"/>
      </head>
      <body>
        <div class="outline index">
          <xsl:call-template name="index"/>
        </div>
        <div class="outline reference">
          <xsl:call-template name="reference"/>
        </div>
      </body>
    </html>
  </xsl:template>

  <xsl:template name="title">
    <xsl:value-of select="@name"/> REST Service
  </xsl:template>

  <xsl:template name="style">
    <style type="text/css">
      body { margin: 0; padding: 0 0 0 16em; }
      h1, h2 { color: Navy; }
      h3 { color: Blue; }
      table { border-collapse: collapse; margin-bottom: 1em; }
      th, td { border: 1px solid; padding: 0.35em; vertical-align: top; }
      th { color: White; background-color: CornflowerBlue; text-align: left; border-color: Black; }
      td { border-color: DarkBlue; }
      .outline { vertical-align: top; padding: 1em; }
      .index { position: fixed; top: 0; left: 0; width: 16em; height: 96%; overflow: auto; font-size: smaller; }
      .reference { height: 100%; overflow: auto; }
      div { overflow: scroll; }
      .homeResource { 
        font-weight: bold; 
        font-size: smaller; 
        background-color: Green; 
        color: Yellow; 
        padding: 0.3em;
        margin-left: 1em;
        border-radius: 1em; 
      }
      #hint { 
        display: none; 
        font-size: small; 
        font-weight: normal;
        white-space: nowrap; 
        background-color: LightYellow; 
        color: DimGrey;
        border: 1px solid DimGrey;
        border-radius: 0.5em;
        padding: 0.5em; 
        margin-right: 0.5em;
      }
      #full { color: Green; margin-right: 0.2em; }
      #full:hover ~ #hint { display: inline; }
      #no { color: Red; margin-right: 0.2em; }
      #no:hover ~ #hint { display: inline; }
      #partial { color: Coral; margin-right: 0.3em; }
      #partial:hover ~ #hint { display: inline; }
      .one-piece { white-space: nowrap; text-wrap: none; }
      .center { text-align: center; }
      .button { 
        background-color: LightGrey; 
        color: Black; 
        font-size: smaller;
        border: 1px solid DarkGrey; 
        border-radius: 0.35em; 
        padding: 0.35em;
        text-decoration: none;
      }
      .header-suffix { font-size: small; }
    </style>
  </xsl:template>
  
  <xsl:template name="index">
    <xsl:call-template name="index-resources"/>
    <xsl:call-template name="index-media-types"/>
    <xsl:call-template name="index-link-relations"/>
    <xsl:call-template name="index-uri-parameters"/>
    <xsl:call-template name="index-custom-headers"/>
    <xsl:call-template name="index-status-codes"/>
    <xsl:call-template name="index-authentication-mechanisms"/>
  </xsl:template>
  
  <xsl:template name="index-resources">
    <h3>Resources</h3>
    <xsl:for-each select="//rsdl:resources/rsdl:resource">
      <xsl:sort select="@name"/>
      <a class="item">
        <xsl:attribute name="style">
          top: <xsl:value-of select="4 + position()"/>em;
        </xsl:attribute>
        <xsl:attribute name="href">#<xsl:value-of select="@id"/></xsl:attribute>
         <code><xsl:value-of select="@name"/></code>
      </a>
      <xsl:call-template name="home-resource"/>
      <br/>
    </xsl:for-each>
  </xsl:template>
  
  <xsl:template name="home-resource">
	  <xsl:if test="@id = /rsdl:service/@home-resource">
	    <span class="homeResource">Home resource</span>
	  </xsl:if>
  </xsl:template>
  
  <xsl:template name="index-media-types">
    <h3>Media Types</h3>
    <xsl:for-each select="//rsdl:media-types/rsdl:media-type">
      <xsl:sort select="@name"/>
      <a class="item">
        <xsl:attribute name="style">
          top: <xsl:value-of select="4 + position()"/>em;
        </xsl:attribute>
        <xsl:attribute name="href">#<xsl:value-of select="@id"/></xsl:attribute>
         <code><xsl:value-of select="@name"/></code>
      </a>
      <br/>
    </xsl:for-each>
  </xsl:template>
    
  <xsl:template name="index-link-relations">
    <h3>Link Relations</h3>
    <xsl:for-each select="//rsdl:link-relations/rsdl:link-relation">
      <xsl:sort select="@name"/>
      <a class="item">
        <xsl:attribute name="style">
          top: <xsl:value-of select="4 + position()"/>em;
        </xsl:attribute>
        <xsl:attribute name="href">#<xsl:value-of select="@id"/></xsl:attribute>
         <code><xsl:value-of select="@name"/></code>
      </a>
      <br/>
    </xsl:for-each>
  </xsl:template>
    
  <xsl:template name="index-authentication-mechanisms">
    <xsl:if test="//rsdl:authentication/rsdl:uri-mechanism">
      <h3>Authentication Mechanisms</h3>
      <xsl:for-each select="//rsdl:authentication/rsdl:mechanism">
        <xsl:sort select="@name"/>
        <a class="item">
          <xsl:attribute name="style">
            top: <xsl:value-of select="4 + position()"/>em;
          </xsl:attribute>
          <xsl:attribute name="href">#<xsl:value-of select="@id"/></xsl:attribute>
           <code><xsl:value-of select="@name"/></code>
        </a>
        <br/>
      </xsl:for-each>
    </xsl:if>
  </xsl:template>
    
  <xsl:template name="index-status-codes">
    <xsl:if test="//rsdl:status-codes/rsdl:status">
      <h3>Status Codes</h3>
      <xsl:for-each select="//rsdl:status-codes/rsdl:status">
        <xsl:sort select="@code"/>
        <a class="item">
          <xsl:attribute name="style">
            top: <xsl:value-of select="4 + position()"/>em;
          </xsl:attribute>
          <xsl:attribute name="href">#<xsl:value-of select="@id"/></xsl:attribute>
           <code><xsl:value-of select="@code"/></code>
        </a>
        <br/>
      </xsl:for-each>
    </xsl:if>
  </xsl:template>
    
  <xsl:template name="index-custom-headers">
    <xsl:if test="//rsdl:custom-headers/rsdl:custom-header">
      <h3>Headers</h3>
      <xsl:for-each select="//rsdl:custom-headers/rsdl:custom-header">
        <xsl:sort select="@name"/>
        <a class="item">
          <xsl:attribute name="style">
            top: <xsl:value-of select="4 + position()"/>em;
          </xsl:attribute>
          <xsl:attribute name="href">#<xsl:value-of select="@id"/></xsl:attribute>
           <code><xsl:value-of select="@name"/></code>
        </a>
        <br/>
      </xsl:for-each>
    </xsl:if>
  </xsl:template>
    
  <xsl:template name="index-uri-parameters">
    <xsl:if test="//rsdl:uri-parameters/rsdl:uri-parameter">
      <h3>URI Parameters</h3>
      <xsl:for-each select="//rsdl:uri-parameters/rsdl:uri-parameter">
        <xsl:sort select="@name"/>
        <a class="item">
          <xsl:attribute name="style">
            top: <xsl:value-of select="4 + position()"/>em;
          </xsl:attribute>
          <xsl:attribute name="href">#<xsl:value-of select="@id"/></xsl:attribute>
           <code><xsl:value-of select="@name"/></code>
        </a>
        <br/>
      </xsl:for-each>
    </xsl:if>
  </xsl:template>

  <xsl:template name="reference">
    <h1><xsl:call-template name="title"/></h1>
    <xsl:call-template name="resources"/>
    <xsl:call-template name="media-types"/>
    <xsl:call-template name="link-relations"/>
    <xsl:call-template name="uri-parameters"/>
    <xsl:call-template name="custom-headers"/>
    <xsl:call-template name="status-codes"/>
    <xsl:call-template name="authentication-mechanisms"/>
  </xsl:template>
  
  <xsl:template name="resources">
    <h2>Resources</h2>
    <xsl:for-each select="//rsdl:resource">
      <xsl:sort select="@name"/>
      <hr/>
      <h3>
        <a>
          <xsl:attribute name="name"><xsl:value-of select="@id"/></xsl:attribute>
        </a>
        <xsl:call-template name="implemented"/>
        <code><xsl:value-of select="@name"/></code>
        <xsl:call-template name="home-resource"/>
      </h3>
      <xsl:apply-templates select="rsdl:documentation"/>
      <xsl:call-template name="authentication"/>
      <xsl:apply-templates select="*[local-name() != 'methods' and local-name() != 'documentation']"/>
      <xsl:call-template name="methods"/>
    </xsl:for-each>
  </xsl:template>
  
  <xsl:template name="authentication">
    <xsl:choose>
      <xsl:when test="/service/@identity-provider-ref and @public = 'true'">
        <xsl:call-template name="no-authentication"/>
      </xsl:when>
      <xsl:when test="@identity-provider-ref">
        <xsl:call-template name="identity-provider">
          <xsl:with-param name="id" select="@identity-provider-ref"/>
        </xsl:call-template>
      </xsl:when>
      <xsl:when test="/service/@identity-provider-ref">
        <xsl:variable name="id" select="/service/@identity-provider-ref"/>
        <h4>Authentication</h4>
        <p>
          <xsl:apply-templates select="//authentication/identity-provider[@id = $id]"/>
        </p>
      </xsl:when>
      <xsl:otherwise>
        <xsl:call-template name="no-authentication"/>
      </xsl:otherwise>
    </xsl:choose>
  </xsl:template>
  
  <xsl:template name="no-authentication">
    <xsl:if test="//rsdl:authentication/rsdl:mechanism">
      <h4>Authentication</h4>
      <p>This resource requires no authentication.</p>
    </xsl:if>
  </xsl:template>
  
  <xsl:template name="identity-provider">
    <xsl:param name="id"/>
    <xsl:variable name="idp" select="//rsdl:authentication/rsdl:identity-provider[@id = $id]"/>
    <xsl:variable name="mechanismId" select="$idp/@mechanism-ref"/>
    <xsl:variable name="mechanism" select="//rsdl:authentication/rsdl:mechanism[@id = $mechanismId]"/>
    <h4>Authentication</h4>
    <table>
      <tr>
        <th>Mechanism</th>
        <th>Identity Provider</th>
      </tr>
      <tr>
        <td>
          <a>
            <xsl:attribute name="href">#<xsl:value-of select="$mechanismId"/></xsl:attribute>
            <xsl:apply-templates select="$mechanism/@name"/>
          </a>
        </td>
        <td>
          <xsl:apply-templates select="$idp/rsdl:documentation"/>
        </td>
      </tr>
    </table>
  </xsl:template>
   
  <xsl:template name="implemented">
    <xsl:choose>
      <xsl:when test="@status = 'full'">
        <span id="full">&#x2714;</span><span id="hint">Fully implemented</span>
      </xsl:when>
      <xsl:when test="@status = 'partial'">
        <span id="partial">?</span><span id="hint">Partially implemented</span>
      </xsl:when>
      <xsl:otherwise>
        <span id="no">&#x2718;</span><span id="hint">Not implemented</span>
      </xsl:otherwise>
    </xsl:choose>
  </xsl:template>
    
  <xsl:template match="rsdl:documentation">
    <xsl:apply-templates select="text()|*"/>
  </xsl:template>

  <xsl:template match="rsdl:authentication">
    <xsl:variable name="mechanism" select="@mechanism-ref"/>
    <h4>Authentication</h4>
    <p>
      <a>
        <xsl:attribute name="href">#<xsl:value-of select="$mechanism"/></xsl:attribute>
        <xsl:value-of select="//rsdl:authentication/rsdl:mechanism[@id = $mechanism]/@name"/>
      </a>.&#160; <xsl:apply-templates select="*"/>
    </p>
  </xsl:template>
  
  <xsl:template match="*">
    <xsl:element name="{local-name()}">
      <xsl:apply-templates select="*|@*|text()"/>
    </xsl:element>
  </xsl:template>
      
  <xsl:template match="text()">
    <xsl:value-of select="."/>
  </xsl:template>

  <xsl:template match="rsdl:ref">
    <xsl:choose>
      <xsl:when test="@resource and ancestor::rsdl:resource/@id = @resource">
        <code>
          <xsl:value-of select="@resource"/>
        </code>
      </xsl:when>
      <xsl:otherwise>
		    <xsl:choose>
		      <xsl:when test="@resource">
            <xsl:variable name="id" select="@resource"/>
            <xsl:call-template name="ref-by-id">
              <xsl:with-param name="id" select="$id"/>
              <xsl:with-param name="name" select="//rsdl:resources/rsdl:resource[@id = $id]/@name"/>
            </xsl:call-template>
		      </xsl:when>
          <xsl:when test="@status-code">
            <xsl:variable name="id" select="@status-code"/>
            <xsl:call-template name="ref-by-id">
              <xsl:with-param name="id" select="$id"/>
              <xsl:with-param name="name" select="//rsdl:status-codes/rsdl:status[@id = $id]/@code"/>
            </xsl:call-template>
          </xsl:when>
          <xsl:when test="@uri-parameter">
            <xsl:variable name="id" select="@uri-parameter"/>
            <xsl:call-template name="ref-by-id">
              <xsl:with-param name="id" select="$id"/>
              <xsl:with-param name="name" select="//rsdl:uri-parameters/rsdl:uri-parameter[@id = $id]/@name"/>
            </xsl:call-template>
          </xsl:when>
          <xsl:when test="@custom-header">
            <xsl:variable name="id" select="@custom-header"/>
            <xsl:call-template name="ref-by-id">
              <xsl:with-param name="id" select="$id"/>
              <xsl:with-param name="name" select="//rsdl:custom-headers/rsdl:custom-header[@id = $id]/@name"/>
            </xsl:call-template>
          </xsl:when>
          <xsl:when test="@mechanism">
            <xsl:variable name="id" select="@mechanism"/>
            <xsl:call-template name="ref-by-id">
              <xsl:with-param name="id" select="$id"/>
              <xsl:with-param name="name" select="//rsdl:authentication/rsdl:mechanism[@id = $id]/@name"/>
            </xsl:call-template>
          </xsl:when>
          <xsl:when test="@media-type">
            <xsl:variable name="id" select="@media-type"/>
            <xsl:call-template name="ref-by-id">
              <xsl:with-param name="id" select="$id"/>
              <xsl:with-param name="name" select="//rsdl:media-types/rsdl:media-type[@id = $id]/@name"/>
            </xsl:call-template>
          </xsl:when>
		      <xsl:otherwise>
            <a>
  		        <xsl:attribute name="href">
  		          <xsl:value-of select="@uri"/>
  		        </xsl:attribute>
  		        <xsl:apply-templates select="*|text()"/>
            </a>
		      </xsl:otherwise>
		    </xsl:choose>
      </xsl:otherwise>
    </xsl:choose>
  </xsl:template>

  <xsl:template name="ref-by-id">
    <xsl:param name="id"/>
    <xsl:param name="name"/>
    <a>
      <xsl:attribute name="href">#<xsl:value-of select="$id"/></xsl:attribute>
      <xsl:choose>
        <xsl:when test="text()">
          <xsl:apply-templates select="*|text()"/>
        </xsl:when>
        <xsl:otherwise>
          <code>
            <xsl:value-of select="$name"/>
          </code>
        </xsl:otherwise>
      </xsl:choose>
    </a>
  </xsl:template>
  
  <xsl:template name="methods">
    <xsl:if test="rsdl:methods/rsdl:method">
      <xsl:variable name="showStatus" select="rsdl:methods/rsdl:method/@status"/>
      <h4>Supported Methods</h4>
      <table>
        <tr>
          <xsl:if test="$showStatus">
            <th>Status</th>
          </xsl:if>
          <th>Name</th>
          <xsl:if test="rsdl:methods/rsdl:method/rsdl:request">
            <th>Request</th>
          </xsl:if>
          <xsl:if test="rsdl:methods/rsdl:method/rsdl:response">
            <th>Response</th>
          </xsl:if>
        </tr>
        <xsl:for-each select="rsdl:methods//rsdl:method">
          <tr>
            <xsl:if test="$showStatus">
              <td class="center">
                <xsl:call-template name="implemented"/>
              </td>
            </xsl:if>
            <td>
              <code><xsl:value-of select="@name"/></code>
            </td>
            <xsl:if test="../rsdl:method/rsdl:request">
              <td>
                <xsl:apply-templates select="rsdl:request/*"/>
              </td>
            </xsl:if>
            <xsl:if test="../rsdl:method/rsdl:response">
              <td>
                <xsl:apply-templates select="rsdl:response/*"/>
              </td>
            </xsl:if>
          </tr>
        </xsl:for-each>
      </table>
    </xsl:if>
  </xsl:template>
  
  <xsl:template match="rsdl:status-codes">
    <em>Status code<xsl:if test="count(rsdl:status-code) &gt; 0">s</xsl:if>:</em>&#160;
    <xsl:for-each select="rsdl:status-code">
      <xsl:variable name="statusId" select="@status-code-ref"/>
      <a>
        <xsl:attribute name="href">#<xsl:value-of select="$statusId"/></xsl:attribute>
        <code><xsl:value-of select="//rsdl:status-codes/rsdl:status[@id = $statusId]/@code"/></code>
      </a>
      <xsl:if test="position() &lt; count(../rsdl:status-code)">, &#160;</xsl:if>
    </xsl:for-each>
    <br/>
  </xsl:template>
    
  <xsl:template match="rsdl:header">
    <xsl:variable name="id" select="@header-ref"/>
    <em>Header:</em>&#160;
    <a>
      <xsl:attribute name="href">#<xsl:value-of select="$id"/></xsl:attribute>
      <code>
        <xsl:apply-templates select="//rsdl:custom-headers/rsdl:custom-header[@id = $id]/@name"/>
      </code> 
    </a>
    <br/>
  </xsl:template>
    
  <xsl:template match="rsdl:representation">
    <xsl:variable name="id" select="@media-type-ref"/>
    <xsl:if test="../rsdl:documentation">
      <br/>
    </xsl:if>
    <em>Media type:</em>&#160;<code>
    <a>
      <xsl:attribute name="href">#<xsl:value-of select="$id"/></xsl:attribute>
      <xsl:value-of select="//rsdl:media-types/rsdl:media-type[@id = $id]/@name"/>
    </a>
    </code>
    <xsl:if test="@entity">, entity: <code><xsl:value-of select="@entity"/></code></xsl:if>
    <xsl:if test="@entry">
      <xsl:variable name="resId" select="@entry"/>
      <xsl:text>, entry:</xsl:text>&#160; 
      <code>
        <a>
          <xsl:attribute name="href">#<xsl:value-of select="$resId"></xsl:value-of></xsl:attribute>
          <xsl:value-of select="//rsdl:resources/rsdl:resource[@id = $resId]/@name"/>
        </a>
      </code>
    </xsl:if>
    <xsl:if test="rsdl:documentation">
      <br/>&#160;&#160;&#160;&#160;<xsl:apply-templates select="rsdl:documentation"/>
    </xsl:if>
    <br/>
  </xsl:template>
  
  <xsl:template match="rsdl:links">
    <xsl:if test="rsdl:link">
      <h4>Links to other resources</h4>
      <xsl:variable name="showStatus" select="rsdl:link/@status"/>
	    <table>
	      <tr>
	        <xsl:if test="$showStatus"> 
            <th>Status</th>
	        </xsl:if>
	        <th>Relation</th>
	        <th>Resource</th>
          <xsl:if test="rsdl:link/rsdl:documentation">
	          <th>Description</th>
          </xsl:if>
	      </tr>
	      <xsl:for-each select="rsdl:link">
	        <xsl:sort select="@resource-ref"/>
          <xsl:variable name="resId" select="@resource-ref"/>
          <xsl:variable name="relId" select="@link-relation-ref"/>
	        <tr>
            <xsl:if test="$showStatus">
              <td class="center">
                <xsl:call-template name="implemented"/>
              </td>
            </xsl:if>
	          <td>
	            <code>
                <a>
                  <xsl:attribute name="href">#<xsl:value-of select="$relId"></xsl:value-of></xsl:attribute>
                  <xsl:value-of select="//rsdl:link-relations/rsdl:link-relation[@id = $relId]/@name"/>
                </a>
	            </code>
	          </td>
	          <td>
	            <code>
	              <a>
	                <xsl:attribute name="href">#<xsl:value-of select="$resId"></xsl:value-of></xsl:attribute>
	                <xsl:value-of select="//rsdl:resources/rsdl:resource[@id = $resId]/@name"/>
	              </a>
              </code>
	          </td>
            <xsl:if test="../rsdl:link/rsdl:documentation">
  	          <td>
  	            <xsl:apply-templates select="rsdl:documentation/*|rsdl:documentation/text()"/>
  	          </td>
            </xsl:if>
	        </tr>
	      </xsl:for-each>
	    </table>
    </xsl:if>
  </xsl:template>
    
  <xsl:template match="rsdl:location">
    <xsl:choose>
      <xsl:when test="../@id = /rsdl:service/@home-resource">
        <h4>Location</h4>
        <p>
          Reach this resource at <code><xsl:value-of select="@href"/></code>.
        </p>
      </xsl:when>
      <xsl:when test="@template and rsdl:var[@uri-parameter-ref]">
        <h4>URI Parameters</h4>
        <table>
          <tr>
            <th>Name</th>
            <th>Description</th>
          </tr>
          <xsl:for-each select="rsdl:var">
            <xsl:sort select="@name"/>
            <xsl:variable name="id" select="@uri-parameter-ref"/>
            <tr>
              <td><code><xsl:value-of select="@name"/></code></td>
              <td><xsl:apply-templates select="//rsdl:uri-parameters/rsdl:uri-parameter[@id = $id]/rsdl:documentation"/></td>
            </tr>
          </xsl:for-each>
        </table>
      </xsl:when>
    </xsl:choose>
  </xsl:template>

  <xsl:template name="authentication-mechanisms">
    <xsl:if test="//rsdl:authentication/rsdl:mechanism">
      <hr/>
      <h2>Authentication Mechanisms</h2>
      <xsl:for-each select="//rsdl:authentication/rsdl:mechanism">
        <xsl:sort select="@name"/>
        <h3>
          <a>
            <xsl:attribute name="name"><xsl:value-of select="@id"/></xsl:attribute>
          </a>
          <code><xsl:value-of select="@name"/></code>
        </h3>
        <xsl:apply-templates select="rsdl:documentation"/>
        <xsl:for-each select="rsdl:scheme">
          <xsl:sort select="@name"/>
          <xsl:apply-templates select="." />
        </xsl:for-each>
      </xsl:for-each>
    </xsl:if>
  </xsl:template>

  <xsl:template match="rsdl:scheme">
    <h4>Scheme: <em><xsl:value-of select="@name"/></em></h4>
    <xsl:if test="rsdl:documentation">
      <p><xsl:apply-templates select="rsdl:documentation"/></p>
    </xsl:if>
    <xsl:if test="rsdl:parameter">
      <table>
        <tr>
          <th>Parameter</th>
          <th>Description</th>
        </tr>
        <xsl:for-each select="rsdl:parameter">
          <xsl:sort select="@name"/>
          <tr>
            <td><code><xsl:value-of select="@name"/></code></td>
            <td><xsl:apply-templates select="rsdl:documentation"/></td>
          </tr>
        </xsl:for-each>
      </table>
    </xsl:if>
  </xsl:template>
         
  <xsl:template name="status-codes">
    <xsl:if test="//rsdl:status-codes/rsdl:status">
      <hr/>
      <h2>Status Codes</h2>
      <xsl:for-each select="//rsdl:status-codes/rsdl:status">
        <xsl:sort select="@code"/>
        <h3>
          <a>
            <xsl:attribute name="name"><xsl:value-of select="@id"/></xsl:attribute>
          </a>
          <code><xsl:value-of select="@code"/></code>
        </h3>
        <xsl:apply-templates/>
      </xsl:for-each>
    </xsl:if>
  </xsl:template>

  <xsl:template name="custom-headers">
    <xsl:if test="//rsdl:custom-headers/rsdl:custom-header">
      <hr/>
      <h2>Headers</h2>
      <xsl:for-each select="//rsdl:custom-headers/rsdl:custom-header">
        <xsl:sort select="@name"/>
        <h3>
          <a>
            <xsl:attribute name="name"><xsl:value-of select="@id"/></xsl:attribute>
          </a>
          <code><xsl:value-of select="@name"/></code>&#160;&#160;<span class="header-suffix">(<xsl:value-of select="@type"/>)</span>
        </h3>
        <xsl:apply-templates/>
      </xsl:for-each>
    </xsl:if>
  </xsl:template>

  <xsl:template name="media-types">
    <hr/>
    <h2>Media-types</h2>
    <xsl:for-each select="//rsdl:media-types/rsdl:media-type">
      <xsl:sort select="@name"/>
      <h3>
        <a>
          <xsl:attribute name="name"><xsl:value-of select="@id"/></xsl:attribute>
        </a>
        <code><xsl:value-of select="@name"/></code>
      </h3>
      <xsl:apply-templates/>
    </xsl:for-each>
  </xsl:template>
  
  <xsl:template match="rsdl:description">
    <br/>
    <xsl:choose>
      <xsl:when test="@type = 'html'">
        <a>
          <xsl:attribute name="href">
            <xsl:value-of select="@href"/>
          </xsl:attribute>
          More information
        </a>
      </xsl:when>
      <xsl:when test="@type = 'sedola'">
        <a>
          <xsl:attribute name="href">
            <xsl:value-of select="@href"/>
          </xsl:attribute>
          Service registration
        </a>
      </xsl:when>
      <xsl:when test="@type = 'xsd'">
        <a>
          <xsl:attribute name="href">
            <xsl:value-of select="@href"/>
          </xsl:attribute>
          XML Schema
        </a>
      </xsl:when>
      <xsl:when test="@type = 'rnc'">
        <a>
          <xsl:attribute name="href">
            <xsl:value-of select="@href"/>
          </xsl:attribute>
          Relax NG Schema
        </a>
      </xsl:when>
    </xsl:choose>
  </xsl:template>

  <xsl:template name="link-relations">
    <hr/>
    <h2>Link Relations</h2>
    <xsl:for-each select="//rsdl:link-relations/rsdl:link-relation">
      <xsl:sort select="@name"/>
      <h3>
        <a>
          <xsl:attribute name="name"><xsl:value-of select="@id"/></xsl:attribute>
        </a>
        <code><xsl:value-of select="@name"/></code>
      </h3>
      <xsl:apply-templates/>
    </xsl:for-each>
  </xsl:template>
  
  <xsl:template name="uri-parameters">
    <xsl:if test="//rsdl:uri-parameters/rsdl:uri-parameter">
      <hr/>
      <h2>URI Parameters</h2>
      <xsl:for-each select="//rsdl:uri-parameters/rsdl:uri-parameter">
        <xsl:sort select="@name"/>
        <h3>
          <a>
            <xsl:attribute name="name"><xsl:value-of select="@id"/></xsl:attribute>
          </a>
          <code><xsl:value-of select="@name"/></code>
        </h3>
        <xsl:apply-templates/>
      </xsl:for-each>
    </xsl:if>
  </xsl:template>

  <xsl:template match="rsdl:properties">
    <xsl:if test="rsdl:property">
      <h4>Properties</h4>
      <table>
        <tr>
          <th>Name</th>
          <th>Description</th>
        </tr>
        <xsl:for-each select="rsdl:property">
          <xsl:sort select="@name"/>
          <tr>
            <td><code><xsl:value-of select="@name"/></code></td>
            <td><xsl:apply-templates select="rsdl:documentation"/></td>
          </tr>
        </xsl:for-each>
      </table>
    </xsl:if>
  </xsl:template>
    
</xsl:stylesheet>      
    

  

  
    RSDL Description for the Planets Service

    The following example is taken from RWS, chapter 5.

    
<?xml version="1.0" ?>
<service name="Maps" 
  xmlns:html="http://www.w3.org/1999/xhtml/" xmlns="http://identifiers.emc.com/rsdl"
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://identifiers.emc.com/rsdl rsdl.xsd"
  >
  
  <documentation>
    This is an example from the book RESTful Web Services, chapter 5.
  </documentation>
  
  <start ref="res-planets"/>  

  <media-types>
    <media-type id="med-xhtml" name="application/xhtml+xml">
      <documentation>
        We are defining an XHTML <html:em>microformat</html:em> by adding meaning using the <html:code>class</html:code>
        attribute to elements. For example, adding <html:code>class="planets"</html:code> to the 
        <html:code>ul</html:code> element, we can turn a list into a list of planets. 
      </documentation>
      <description type="html" href="http://tools.ietf.org/html/rfc3236" />
    </media-type>
    <media-type id="med-png" name="image/png">
      <description type="html" href="http://www.iana.org/assignments/media-types/image/png" />
    </media-type>
  </media-types>
  
  <resources>
    <resource id="res-planets" name="planets">
      <location  uri="/"/>
      <links>
        <link link-relation-ref="rel-place" resource-ref="res-place"/>
      </links>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-xhtml" entity="html"/>
          </response>
        </method>
      </methods>
    </resource>
    
    <resource id="res-place" name="place">
      <location template="/{planet}/[{scoping-information}/][{place-name}]{?show}">
        <var name="planet" uri-parameter-ref="par-planet"/>
        <var name="scoping-information" uri-parameter-ref="par-scoping-information"/>
        <var name="place-name" uri-parameter-ref="par-place-name"/>
        <var name="show" uri-parameter-ref="par-show"/>
      </location>
      <links>
        <link link-relation-ref="rel-map" resource-ref="res-map"/>
        <link link-relation-ref="rel-point" resource-ref="res-point"/>
        <link link-relation-ref="rel-place" resource-ref="res-place"/>
      </links>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-xhtml" entity="html"/>
          </response>
        </method>
      </methods>
    </resource>
    
    <resource id="res-point" name="point">
      <location template="/{planet}/{latitude},{longitude}">
        <var name="planet" uri-parameter-ref="par-planet"/>
        <var name="latitude" uri-parameter-ref="par-latitude"/>
        <var name="longitude" uri-parameter-ref="par-longitude"/>
      </location>
      <links>
        <link link-relation-ref="rel-place" resource-ref="res-place"/>
        <link link-relation-ref="rel-point" resource-ref="res-point"/>
      </links>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-xhtml" entity="html"/>
          </response>
        </method>
      </methods>
    </resource>
    
    <resource id="res-map" name="map">
      <location template="/{map-type}{scale}/{planet}/{latitude},{longitude}">
        <var name="map-type" uri-parameter-ref="par-map-type"/>
        <var name="scale" uri-parameter-ref="par-scale"/>
        <var name="planet" uri-parameter-ref="par-planet"/>
        <var name="latitude" uri-parameter-ref="par-latitude"/>
        <var name="longitude" uri-parameter-ref="par-longitude"/>
      </location>
      <links>
        <link link-relation-ref="rel-image" resource-ref="res-image"/>
        <link link-relation-ref="rel-map" resource-ref="res-map"/>
      </links>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-xhtml" entity="html"/>
          </response>
        </method>
      </methods>
    </resource>
    
    <resource id="res-image" name="image">
      <location template="/{map-type}{scale}/{planet}/images/{latitude},{longitude}.png">
        <var name="map-type" uri-parameter-ref="par-map-type"/>
        <var name="scale" uri-parameter-ref="par-scale"/>
        <var name="planet" uri-parameter-ref="par-planet"/>
        <var name="latitude" uri-parameter-ref="par-latitude"/>
        <var name="longitude" uri-parameter-ref="par-longitude"/>
      </location>
      <methods>
        <method name="GET">
          <response>
            <representation media-type-ref="med-png"/>
          </response>
        </method>
      </methods>
    </resource>
  </resources>

  <link-relations>
    <link-relation id="rel-place" name="place">
      <documentation>
        The target resource is a related place. Links of this type are found by looking for <html:code>a</html:code>
        elements with <html:code>class="place"</html:code>. Additionally, you can find search links to places via
        the <html:code>form</html:code> element with <html:code>id="searchPlace"</html:code>.
      </documentation>
    </link-relation>
    <link-relation id="rel-point" name="point">
      <documentation>
        The target resource is a related point on a planet. Links of this type are found by looking for 
        <html:code>a</html:code> elements with different values for the <html:code>class</html:code> attribute,
        like <html:code>coordinates</html:code>, <html:code>map_nav</html:code>, <html:code>zoom_in</html:code>, 
        and <html:code>zoom_out</html:code>.
      </documentation>
    </link-relation>
    <link-relation id="rel-map" name="map">
      <documentation>
        The target resource is a map related to the current resource. Links of this type are found by looking for 
        <html:code>a</html:code>
        elements with <html:code>class="map"</html:code>.
      </documentation>
    </link-relation>
    <link-relation id="rel-image" name="image">
      <documentation>
        The target resource is an image related to the current resource. Links of this type are found by looking for 
        <html:code>img</html:code>
        elements with <html:code>class="map"</html:code>.
      </documentation>
    </link-relation>
  </link-relations>
  
  <uri-parameters>
    <uri-parameter id="par-planet" name="planet" datatype="string">
      <documentation>
        Human friendly name of a planet, like <html:code>Earth</html:code>.
      </documentation>
    </uri-parameter>
    <uri-parameter id="par-place-name" name="place-name" datatype="string">
      <documentation>
        Human friendly name of a place, like <html:code>Mount%20Rushmore</html:code>.
      </documentation>
    </uri-parameter>
    <uri-parameter id="par-scoping-information" name="scoping-information" datatype="string">
      <documentation>
        A hierarchy of <ref uri-parameter="par-place-name">place names</ref> like 
        <html:code>/USA/New%20England/Maine/</html:code>.
      </documentation>
    </uri-parameter>
    <uri-parameter id="par-map-type" name="map-type" datatype="string">
      <documentation>
        The type of map, like <html:code>satellite</html:code>.
      </documentation>
    </uri-parameter>
    <uri-parameter id="par-scale" name="scale" datatype="string">
      <documentation>
        Dot followed by an integer, like <html:code>.1</html:code>. A bigger number indicates more details.
      </documentation>
    </uri-parameter>
    <uri-parameter id="par-show" name="show" datatype="string">
      <documentation>
        Things to search for near a given place, like <html:code>diners</html:code>.
      </documentation>
    </uri-parameter>
    <uri-parameter id="par-latitude" name="latitude" datatype="float">
      <documentation>
        Latitude on a planet, like <html:code>24.9195</html:code>.
      </documentation>
    </uri-parameter>
    <uri-parameter id="par-longitude" name="longitude" datatype="float">
      <documentation>
        Longitude on a planet, like <html:code>17.821</html:code>.
      </documentation>
    </uri-parameter>
  </uri-parameters>  
</service>      
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Notes
It cannot, of course, force a design to be RESTful, and we are confident that RSDL
          will also be used to create poor designs, but RSDL enforces some important constraints,
          makes it easier to get some important aspects of RESTful design right, and makes it easier
          to create RESTful designs collaboratively and verify them using software. A good notation
          can facilitate good design, but it does not magically produce good design. 

      
View note in Notes section
Some REST designers object to naming services or resources because the names are not
            part of the interface. We believe that names are important because human beings need a
            convenient way to refer to things that they are discussing, and they can be helpful
            metadata in some systems that use RSDL descriptions.

        
View note in Notes section
We use sedola to describe standard media types such as Atom and
            HTML in the same structured way. If we were writing these media types ourselves, we
            would use RSDL to specify the service, and generate Sedola from the RSDL
            description.

        
View note in Notes section

	[1]It cannot, of course, force a design to be RESTful, and we are confident that RSDL
          will also be used to create poor designs, but RSDL enforces some important constraints,
          makes it easier to get some important aspects of RESTful design right, and makes it easier
          to create RESTful designs collaboratively and verify them using software. A good notation
          can facilitate good design, but it does not magically produce good design. 

      

	[2]Some REST designers object to naming services or resources because the names are not
            part of the interface. We believe that names are important because human beings need a
            convenient way to refer to things that they are discussing, and they can be helpful
            metadata in some systems that use RSDL descriptions.

        

	[3]We use sedola to describe standard media types such as Atom and
            HTML in the same structured way. If we were writing these media types ourselves, we
            would use RSDL to specify the service, and generate Sedola from the RSDL
            description.
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      Abstract

        Query optimizers often mystify database users: sometimes queries
        run quickly and sometimes they don’t. An intuitive grasp of what
        will work well in an optimizer is often gained only after trial,
        error, inductive logic (i.e. educated guessing), and sometimes
        propitiatory sacrifice. This paper tries to lift the veil by
        describing work on Lux, a new indexed XQuery search engine built
        using Saxon and Lucene, which is freely available under an
        open-source license. Lux optimizes queries by rewriting them as
        equivalent (but usually faster) indexed queries, so its results are
        easier for a user to understand than the abstract query plans
        produced by some optimizers. Lucene-based QName and path indexes
        prove useful in speeding up XQuery execution by Saxon.
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    Why another XML search engine?

    
      So first: why? There are a number of excellent XQuery databases
      available, both commercial and free ones, even open source.  Some of
      our motivation was historical; for a variety of reasons we ended up
      with a number of applications built on top of a Solr/Lucene data store.
      We keep XML in these indexes, and we can define XPath indexes, but our
      query syntax is limited to Lucene's simple query languages, which are
      not at all XML aware.  So we wanted to be able to use XQuery in an
      efficient way with these pre-existing data stores.
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      The diagram shows the PubFactory architecture.  Interactions with the
      DB are done using its native API.  For MarkLogic and eXist, this is
      all XQuery.  Solr's APIs are a mixture of Lucene query language and a
      thin Java API that wraps a number of HTTP REST calls.  When using an
      XML-aware database, The XML Indexer component is not required.  We
      created this component to work with Solr, which provides full text
      indexes and typed indexes (for strings, numbers, dates, geolocations
      and so on).
    

    
      This system design has a lot of nice features: it enabled us to
      accomplish most of what we needed with a leaner technology stack, and
      we gained a degree of power and flexibility by doing so, since we had
      Java programmers on staff who could fill in the missing bits.  But
      having done this we also had to grapple with some missing conveniences
      that those programmers were somewhat reliant on.
    

    
      We knew from the beginning that we would miss the ad
      hoc query capabilities that both MarkLogic, and eXist,
      which we had been using, provided.  We had come to rely on CQ and the
      eXist sandbox: what would take their place?  The Solr admin query
      interface is a truly impoverished replacement for these.  In fact it
      has recently gotten a facelift, but the query interface is
      essentially unchanged: you have no opportunity to operate on the
      results beyond selecting which fields are returned.  Worse still, all
      of our indexes would have to be computed in advance.  MarkLogic
      provides a great feature for ad hoc querying,
      which I think they call the "universal index." This index provides
      for lookup by word (ie full text search) and value (exact match)
      constrained by the name of containing elements and attributes.
    

    
      So Lux was really born out of this need for an ad
      hoc query capability, something akin to what Micah Dubinko
      presented at Balisage last year in Exploring
      the Unknown.  Our first thought was something like this: "Hey,
      Saxon provides an XQuery capability, and Solr provides indexing and
      storage: all we need to do is marry them, and presto! We'll have an
      indexed XQuery tool." It turned out though that there was a lot more
      work required to produce a usable version of that than it appeared at
      first blush.  This is the story.
    

  

  
    Lux Architecture

    
      A quick overview of the Lux internal software design provides context
      for the XQuery indexing optimizations that are the main topic of this
      paper.
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        	Evaluator
 
        	the highest-level abstraction in Lux.  It contains the
        other objects listed below (and the underlying Saxon objects) and
        provides a central access point for all Lux functionality, but in
        particular provides the evaluate(query) method.
      


      

      
        	Compiler
 
        	compiles XQuery expressions into an executable form


      

      
        	SaxonTranslator

        	translates expressions from Saxon's internal Expression
        tree structure to Lux's AbstractExpression tree structure.


      

      
        	PathOptimizer

        	rewrites AbstractExpression to make use of Lux indexes


      

      
        	FunctionLibrary

        	Provides index-aware XQuery functions


      

      
        	XmlIndexer

        	Indexes XML documents, generating Lucene field values


      

      
        	Searcher

        	Searches the Lucene index, returning matching documents stored there


      

      
        	XML Highlighter

        	Highlights terms in a document matching a search query


      

      
        	Query Parser

        	Parses queries in Lux's extended Lucene query language and its XML form


      

    

  

  
    Query optimization with indexes

    
      When executing queries in a setting with a large amount of data,
      indexes are critical.  A properly indexed query may execute in less
      than a millisecond while the same query, unoptimized, could easily
      take so long that it would effectively never complete.  In Lux,
      queries are implicitly executed with the entire contents of the index
      as their context: more precisely, wherever there is an absolute
      expression (a path rooted at "/"), Lux inserts, conceptually, a call
      to collection(), the function that returns all
      documents.  This approach has been adopted in other databases; we've
      attempted to provide a familiar environment.
    

    
      Sometimes users exercise control over the indexes that are generated
      and how they are used to resolve queries.  XSLT's key functionality
      is an example of this.  In other cases, like SQL databases, users
      specify the indexes and hope they've chosen the right ones that will
      nudge the optimizer to speed up their queries. And sometimes indexes
      are created and used with little or no user intervention at all. This
      is an ideal situation when it works, but nearly impossible to get
      right all the time in a general case where queries are expressed in a
      complex language such as XQuery. There are two main difficulties:
      knowing which indexes might be useful enough to justify the cost of
      creating them, and then actually applying those indexes to optimize
      queries.
    

    
      Our philosophy is to provide as much automatic help as possible, so
      the user doesn't have to think, but to get out of the way when the
      user tells us they want manual control.
      

        	
          Provide basic indexes that can be applied automatically and
          relied on to provide value for a wide range of queries.
        


        	
          Give the user clear information about the output of the
          optimizer. Sometimes the optimizer can be tricked by otherwise
          insignificant syntactic constructs, like variables. If the user
          is made aware of this, they can often rectify the situation by
          rewriting their queries.
        


        	
          Allow the user to specify indexes explicitly: users can be relied
          on to know when there are especially interesting sequences to be
          indexed.
        


        	
          Provide users with query constructs that reference the indexes
          directly. This way users can take over when the optimizer fails.
        


      

      This paper addresses the first point primarily, exploring some
      challenges we overcame providing the built-in indexes and optimizing
      queries to use them, but it's important not to lose sight of the
      bigger picture as well.
    

    
      It has become standard practice to index XML with the following kinds of
      indexes:
      

        	QName indexes


        	Path indexes


        	Full text indexes


        	QName value and/or text indexes


        	XPath indexes


      

      These kinds of indexes are provided by MarkLogic,
      eXist
      and BaseX,
      SQL
      Server (Primary XML index covers paths and values; full text
      is available, and Secondary index provides XPath), Oracle
      and DB2,
      to name a few popular systems.  A review of the indexing capabilities
      of these and other tools is beyond the scope of this paper, but it is
      apparent that the index types described above are well-represented in
      the field.
    

    
      Lux currently provides path, full text, element/attribute full text,
      and xpath indexes.  We've done some work on an element/attribute
      value index as well.  The optimizer generates search expressions
      using the path indexes, and in some cases, the full text indexes and
      XPath indexes.  The user can make explicit use of all the indexes for
      search, optimized counting, and sorting by calling index-aware
      functions provided in the Lux function library.
    

    
      There are a variety of optimizations using indexes we could imagine
      applying in order to make a query go faster: Filtering the input
      collection to include only "relevant" documents is the main one, and
      it sounds simple enough, but there are a lot of specific cases to be
      considered, and there is a real danger of over-optimizing and getting
      incorrect results.  Optimizations tend to have a patchwork character,
      and in order to stay on top of things, it's important to have a
      formal framework we can use to prove to ourselves that the
      optimizations are correct; that they preserve the correct results.
    

    
      Formal setting

      
        Because XQuery is a functional language, it's natural to think of
        queries as functions, and to apply the formalisms of functional
        logic. In this light, query optimizations can be described formally
        as a special kind of homomorphism [1] over
        the space of all queries.  A function is generally defined as a
        mapping from one set to another: in this case from sequences of
        documents to sequences of items. So in this terminology, two
        queries are homomorphic if they represent the same mapping from
        documents to items.  We won't take this formal setup very far, but
        we note that homomorphism is preserved by composition. In other
        words if two optimizations are "correct" independently, applying
        both of them will still be "correct", in the sense of preserving
        correct results, and we can apply them in whichever order we
        choose.  This is important because it enables us to work on query
        transformations independently, without worrying that making changes
        in one place will suddenly cause problems to crop up somewhere
        completely different.
      

      
        Defining optimization as a mapping from queries to queries has
        another nice property: it means we can fairly easily show the user
        what the optimized query is: it's just a different (hopefully
        faster) query that returns the same result.  This is different from
        the situation in some systems, where optimizations are completely
        opaque to the user, or are presented as a kind of abstract "query
        plan" that bears little or no resemblance to an actual query.  Of
        course the user needs to be able to understand the optimized XQuery
        form, but given that they wrote the original XQuery, it shouldn't
        be too much of a stretch for them.
      

    
    
      Filtering the context

      
        It is often the case that query expressions return an empty sequence
        when evaluated in the context of a given document.  For example, the
        query //chapter[.//videoobject]/title returns the titles
        of all (DocBook) chapters containing references to videos.  Suppose
        our database contains 1000 books broken into a document for every
        chapter.  Only a small fraction of these may actually contain videos,
        but a naïve unoptimized implementation might have to load every one
        of those documents into memory, parse them, evaluate the query on
        them, only to return nothing. One of the main goals of the optimizer
        is to filter the context early in the process, using indexes, so that
        all this unnecessary work can be avoided.
      

      
        We said that we operate on the whole database by replacing "/" with
        collection().  We can think of every query to be optimized then as
        some function whose single argument is the sequence of all
        documents.  What we'd like to be able to do is to filter out all
        documents from that sequence that have no chance of contributing to
        the query results.  Intuitively we know that the result of

        

          collection()//chapter[.//videoobject]/title
        



        will be the same as the result of:

        

          collection('chapters with videos (and titles)')//chapter[.//videoobject]/title
        



        Some XQuery expressions, and in particular path expressions, have
        the nice property of commuting with sequences: that is, their
        result sequence will be the sequence formed by applying the
        expression to each element of the input sequence in turn.  Or, more
        concisely:

        

          f(s1,s2,s3,...) === (f(s1), f(s2), f(s3), ...)
        



        Combining this with the fact that sequences don't nest, we get that
        (for these functions):

        

          f(S) === f(s∈S | f(s) is not empty) 
        



        which just basically says that we only need to run the query on
        documents that will return results - we can skip all the other ones
        since they are irrelevant.

      

      
        This is very useful.  What it means is that if we can come up with
        some index query that selects only those documents that return
        results for a given XQuery, then we can use that to filter the
        documents "up front," and save a lot of processing.  Actually it's
        OK to retrieve more documents than we need, but the game is to
        retrieve as few as possible without missing any important ones.  
      


      
        So that's goal #1 of the optimizer: for any XQuery, produce an
        index query that minimizes the number of documents required to be
        retrieved.  How do we do that?  The strategy is to devise indexes,
        and queries, that match XQuery primitives like QNames and simple
        comparisons, and then to combine those primitive queries when they
        appear as part of more complex, composite expressions, like
        sequences, boolean operators, set operators, FLWOR expressions and
        so on. In particular what the Lux optimizer does is to perform a
        depth-first walk of the syntax tree of a query, pushing, popping,
        and combining index queries on a stack as it goes.  The
        pseudo-logic of optimize(xquery) goes something like
        this:

        

            if (xquery has no children)
              push a corresponding primitive index query
            else 
              let current-query = match-all
              for each child expression
                pop the child-query
                if (child is absolute (contains a Root sub-expression: /))
                  replace the Root with search(child-query)
                else
                  let current query = combine (current-query, child-query)
              push current-query
        

    

    
      Path Indexes

      
        Let's look more closely at optimizing queries with path expressions
        in them, since these expressions are uniquely characteristic of
        querying tree-structured data like XML.  We've implemented
        different kinds of structure-related indexes, and it's interesting
        to compare what each one buys, and what it costs.
      

      
        The most basic approach that captures some document structure is
        just to index all the names of all the elements and attributes (the
        QNames) in each document.  If we do that, we can easily make sure
        not to go looking for videos in documents that don't have them.  
      

      
        But the simple QName index doesn't really capture anything about
        relationships of nodes within a document.  It feels like it ought
        to be possible to search chapter titles independently from
        searching book titles or section titles, for example, even if they
        are all tagged with <title>, as in DocBook.  A natural thing
        to do is to index the complete path of every named node. We've done
        this by treating each path as a kind of "sentence" in which each
        node name is a single word or token. Then using phrase queries and
        similar queries based on token-proximity, we can express
        constraints like a/child::b, a//b (and
        others) much more precisely.  With the simple QName index, it isn't
        possible to write a query even for //a//b that won't
        match other irrelevant documents as well (such as
        <b><a/></b>).
      

      
        Here's a concrete example:
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        The figure shows a syntax tree for the example expression roughly
        as it would be expressed by the Saxon parser, in blue rectangles,
        and in orange it shows the corresponding Lucene pseudo-query that
        is generated by Lux.  Parent queries are formed by joining together
        child queries using the recursive process described above.  The
        combine() method alluded to there is somewhat complex for path
        queries.  Its job is to characterize the relationship between two
        child expressions and to generate as precisely as possible (ie
        matching as few documents as possible, without missing any) a query
        corresponding to the parent expression.  For the simple boolean
        queries that are generated when only QName indexes are in use, this
        is generally just a matter of deciding whether the children should
        be AND-ed together or OR-ed together.  The choice is typically
        dictated by the character of the parent expression: most are
        restrictive and generate AND-queries, but some, like "or", "|", and
        "union" conjoin their child expressions and generate OR-queries.
      

      
        Joining path queries also requires computing a distance between two
        subexpressions.  The optimizer computes this distance when visiting
        path expressions (a/b) and predicates (a[b]), translating
        non-adjacent path axes like descendant, and intervening wildcard
        steps like /*/*/ into corresponding phrase distances in the Lucene
        proximity query.
      

      
        Once the optimizer has generated a Lucene query corresponding to an
        XQuery expression, it replaces the collection() (or /) expression
        with a call to Lux's search function, passing it the generated query
        as its argument.
      

      
        One benefit of the Lux architecture is that it optimizes
        expression trees that have already been optimized to some extent by
        Saxon.  Saxon reduces a number of equivalent expressions to a
        simpler canonical form, making it easier to perform the analysis
        needed for optimization.  There are some drawbacks to this approach
        as well: Saxon converts some expressions (like atomized sequences)
        into internal forms that have no direct correspondence with
        XQuery expressions, so some clever inferencing is required in those
        cases to create an equivalent XQuery.
      

      
        Of course we can keep on devising more and more precise indexes.
        Consider indexing every occurrence of every path, so that we keep a
        count of each path as well: that should give us a handle on queries
        involving positional predicates like //title[2].  We
        often want to know if there is a second same-named element since it
        might violate a schema that requires a singleton.  Indexing paths
        as phrases in Lucene doesn't really lend itself well to maintaining
        this kind of statistic since the tokens in that case are QNames.
        But if we index each complete path as a token (i.e. "/a/b/c" as a
        single token, rather than "a b c" as three tokens associated by
        position-proximity), then the index will maintain a term count for
        us.
      

      
        We have made some experiments with these "path occurrence" queries.
        The path queries become token queries, possibly involving
        wildcards, rather than phrase queries.  The performance of the
        resulting queries is roughly the same as the phrase-like queries
        described before.  The promise of indexing positional predicates
        proves difficult to realize, though.  In Lucene, the primary
        function of term frequency counts is to compute relevance-ranking
        scores: using them to filter queries is much more involved,
        requiring some deeper spelunking into Lucene's internals, but this
        is a promising avenue for future work.
      


    

    
      Other optimizations

      The optimizer knows a few other tricks, beyond simply ignoring
      irrelevant documents.
      

      
        Special Functions

        
          In general, function calls are opaque to the optimizer, but it
          does apply special optimizations for a few built-in XPath
          functions: root(), exists(),
          empty(), count() and
          subsequence().
        

        
          count(), exists(), and
          empty() can be evaluated using indexes only, without
          loading documents, when it can be determined that their arguments
          are faithfully modeled by an appropriate query.  When this
          inference can be made, the speedup is are often dramatic, so we
          go to some lengths to track a few properties that characterize
          the precision of the Lucene query that the optimizer generates.
        
      
        
          If we can prove that a given Lucene query retrieves *only* the
          documents that produce XQuery results, no more and no fewer, then
          we call the query minimal.  A minimal query
          is the best we can do in terms of filtering the context set for
          the query.  When their arguments' queries are minimal,
          exists() and empty() are replaced by an
          index-aware analogue, lux:exists(), which simply
          checks whether any documents match a (Lucene) query (or its
          negation, in the case of empty()).
        

        
          Another useful property that some queries have is that they only
          return one result per document.  We call these
          singular.  It's useful to track singularity
          since a minimal, singular query can be counted efficiently, using
          indexes only.  It's not always possible to tell whether a query's
          result will be singular, but in some cases it is.  In particular,
          if a query returns only documents (or root element nodes), then
          it will be singular.  Lux recognizes that the root()
          function is singular, and counts paths ending with
          /root() in an efficient manner.
        

        
          The subsequence($seq,$start,$length) function provides
          a fixed window into a larger sequence.  We can rely on the XQuery
          processor's lazy evaluation to avoid retrieving documents beyond
          the right edge of the window.  When the windowed sequence is
          singular, we can also avoid loading the documents to the left of
          the window by telling the Lucene searcher to skip the number of
          documents indicated by subsequence's second argument.  Also note
          that Saxon does us the favor of translating numeric predicates
          ($sequence[10]) into subsequence function calls, so the same
          optimization applies to those.
        

      
      
        Sorting

        
          Sorting a sequence using an XQuery "order by" clause typically
          requires the entire sequence to be loaded into memory in order to
          evaluate the ordering expression for use in sorting, even if only
          a subset of the documents will eventually contribute to the
          overall query result (they may be filtered by subsequence() for
          example). We can do better when the ordering expression has been
          indexed.
        

        
          Lux can populate a Lucene field for any user-supplied XPath
          expression, and exposes these fields in XQuery via the
          lux:key (formerly lux:field-values)
          function.  When the optimizer finds a
          lux:key($field) call used as an ordering expression,
          the field argument is used to order the Lucene query result.  In
          general results can be ordered much more quickly this way.  Such
          optimizations are applicable for single-valued fields with string
          and numeric values.  They support empty least/greatest, and can
          handle multiple fields.
        

      
      
        Range Comparisons

        
          Lux optimizes range comparisons (=, !=, <, <=, >, >=, eq,
          ne, gt, ge, le, lt) when one of the operands is a constant, and
          the other is a call to lux:key() or can be proven to match an
          indexed expression.  For example, if there is a string-valued
          index called "book-id" on //book/@id, the expression
          //book[@id="isbn9780123456789"] would be optimized
          into something like:
          lux:search("book-id:isbn9780123456789"), and
          evaluated using indexed lookup. There will be additional clauses
          to the generated query, such as path constraints.  Also, equality
          tests may be optimized using the built-in full text indexes.  In
          the example above, a word-based query such as:
          <@id:isbn9780123456789 would be generated, which
          would find the given isbn, ignoring text normalizations such as
          case, in any id attribute.  These text queries are less selective
          than the query based on the XPath index, but can often be
          selective enough, depending on the structure of the documents.
        

      
      
        FLWOR expressions and variables

        
          There are no special optimizations related to these constructs,
          but they do present special problems.  Lux doesn't make any
          attempt to apply constraints from where clauses, but since Saxon
          converts most where clauses to predicates, this isn't a
          significant drawback.  Variables are handled by keeping track of
          variable bindings while the try is being optimized, and applying
          any query constraints from a variable's bound expression to its
          containing expression as if it were simply expanded in place.
        

      
    

    
      Results

      
        Correctness

        
          It's critical to ensure that an "optimized" query returns the same
          results as the original, but it's not always so easy to prove that
          a given optimization is homomorphic.  Sometimes we think we've done
          so, but a counterexample arises. If we were better mathematicians,
          perhaps we wouldn't need to, but as engineers, we take a pragmatic
          approach and build lots of tests.
        

        
          XQTS was a great help, in resolving query translation issues, and
          somewhat helpful in testing the optimizer.  But it isn't targeted
          at testing queries to be run over large numbers of documents, so
          we created our own test suite to ensure that our optimizations do
          in fact improve query speed. In the course of doing this, we
          uncovered numerous bugs, even though we had a nearly 100% pass
          rate on XQTS.  You just can't have enough unit tests.
        

      
      
        Indexing Performance

        
          Of course the whole point of this exercise is to improve query
          performance.  No paper about optimization would be complete
          without some measurements.  And we have been able to make
          improvements.  In some ways it's uninteresting to look at
          specific performance comparisons with and without index
          optimizations, since the improvement (when there is one) can
          usually be made arbitrarily large simply by adding more documents
          to the database.  There are a few inferences to be drawn from the
          numbers, though.
        

        
          Note on the test data: we used Jon Bosak's hamlet.xml (courtesy
          of ibiblio.org) to generate a set of 6636 documents, one for each
          element in the play's markup.  So there are a single PLAY
          document, five ACT documents, and so on, in our test set.
        

        
          We evaluated the cost, in bytes, of enabling various indexing
          options.  The size of the indexes is an important consideration
          since it has an effect on memory consumption and on the amount of
          disk I/O the system will need to perform when updating and
          merging.  For the Hamlet test set, the relative sizes of the
          index fields are given in the following table, in bytes, and as a
          percentage of the size required to store the XML documents.
        

        
          
            
              	Index Option
              	Size (in bytes)
              	% of xml
            

          
          
            	XML Storage
            	1,346,560
            	100%
          

          
            	Full Text
            	1,765,376
            	100%
          

          
            	Node Text
            	1,770,496
            	100%
          

          
            	Paths
            	122,880
            	100%
          

          
            	QNames
            	88,064
            	100%
          

        




        
          The Full Text index includes all of the text, but no node name
          information.  The Node Text index indexes each text token
          together with its element (or attribute) context.  Note that the
          sizes of the QName and Path indexes are fairly low relative to
          the size of the documents themselves (also: the QName index isn't
          needed if we have a Path index).  The next section shows the
          effect of these indexes on query performance.
        

      
      
        Query Performance

         
          The table below shows the time, in milliseconds, to evaluate a
          certain query with different indexes enabled.  The queries were
          repeated 500 times in order to smooth out the noise in the
          measurements.  The column labeled baseline
          represents an unfiltered baseline where every query is evaluated
          against every document.  The qname column
          filtered documents using qname indexes, and the
          path shows results for path indexes.  The
          %change and difference
          columns show the difference between qname and path indexing;
          positive values indicate greater times for qname indexes.  The
          queries have been sorted in descending order by this difference.
        

        
          
            
              	query
              	baseline
              	qname
              	path
              	%change
              	difference
            

          
          
            	/LINE
            	444
            	262
            	185
            	29.19
            	76.48
          

          
            	//ACT/TITLE/root()//SCENE/TITLE/root()//SPEECH/TITLE/root()
            	338
            	31
            	2
            	92.01
            	28.52
          

          
            	/ACT['content'=SCENE]
            	318
            	32
            	8
            	75.12
            	24.04
          

          
            	/ACT//SCENE
            	366
            	40
            	18
            	55.62
            	22.25
          

          
            	/ACT[SCENE='content']
            	372
            	29
            	8
            	70.46
            	20.43
          

          
            	/ACT[.='content']
            	360
            	30
            	9
            	68.08
            	20.42
          

          
            	/ACT/SCENE[.='content']
            	333
            	29
            	9
            	67.47
            	19.57
          

          
            	/ACT/SCENE
            	359
            	35
            	15
            	55.61
            	19.46
          

          
            	count(//ACT/SCENE/ancestor::document-node())
            	151
            	20
            	0
            	95.59
            	19.12
          

          
            	number((/ACT/SCENE)[1])
            	17
            	23
            	5
            	74.62
            	17.16
          

          
            	/ACT/text()
            	379
            	18
            	8
            	56.25
            	10.13
          

          
            	/*[self::ACT/SCENE/self::*='content']
            	366
            	16
            	6
            	60.85
            	9.74
          

          
            	/ACT//*
            	323
            	20
            	10
            	47.62
            	9.52
          

          
            	/ACT
            	342
            	17
            	9
            	46.84
            	7.96
          

          
            	/*[self::ACT/SCENE='content']
            	321
            	13
            	5
            	60.95
            	7.92
          

          
            	//ACT|//SCENE
            	497
            	37
            	35
            	7.69
            	2.85
          

          
            	//ACT
            	334
            	24
            	21
            	11.47
            	2.75
          

          
            	//ACT[exists(SCENE)]
            	334
            	21
            	18
            	11.97
            	2.51
          

          
            	(/)[.//ACT]
            	390
            	35
            	33
            	7.07
            	2.47
          

          
            	//ACT[empty(SCENE)]
            	521
            	27
            	24
            	8.86
            	2.39
          

          
            	for $doc in //ACT order by lux:field-values('sortkey', $doc) return $doc
            	385
            	39
            	37
            	5.27
            	2.06
          

          
            	for $doc in //ACT order by $doc/lux:field-values('sortkey'),
            $doc/lux:field-values('sk2') return $doc
            	525
            	26
            	24
            	7
            	1.82
          

          
            	//ACT[.//SCENE]
            	328
            	37
            	36
            	4.17
            	1.54
          

          
            	//ACT/@*
            	265
            	21
            	20
            	6.27
            	1.32
          

          
            	subsequence (//ACT, 1, 10)
            	275
            	18
            	17
            	5.96
            	1.07
          

          
            	(//ACT)[1]
            	8
            	14
            	13
            	7.54
            	1.06
          

          
            	//ACT[not(SCENE)]
            	291
            	19
            	18
            	4.51
            	0.86
          

          
            	not(//ACT/root()//SCENE)
            	169
            	1
            	0
            	50.89
            	0.51
          

          
            	(for $doc in collection() return string ($doc/*/TITLE))[2]
            	8
            	10
            	10
            	3.9
            	0.39
          

          
            	//ACT/SCENE[1]
            	416
            	22
            	21
            	1.08
            	0.24
          

          
            	for $doc in //ACT order by $doc/lux:field-values('sortkey') return $doc
            	280
            	24
            	24
            	0.84
            	0.20
          

          
            	not(//ACT)
            	16
            	1
            	1
            	18.88
            	0.19
          

          
            	/node()
            	236
            	157
            	157
            	0.1
            	0.16
          

          
            	/*/ACT
            	314
            	22
            	21
            	0.15
            	0.03
          

          
            	(/)[.//*/@attr]
            	459
            	0
            	0
            	-180.29
            	0.00
          

          
            	//*[@attr]
            	414
            	0
            	0
            	-6.53
            	0.00
          

          
            	//*/@attr
            	322
            	0
            	0
            	53.42
            	0.00
          

          
            	//ACT/@id
            	338
            	0
            	0
            	27.49
            	0.00
          

          
            	//AND
            	382
            	0
            	0
            	-18.86
            	0.00
          

          
            	//lux:foo
            	455
            	0
            	0
            	75.42
            	0.00
          

          
            	//node()/@attr
            	322
            	0
            	0
            	32.51
            	0.00
          

          
            	/ACT[@id=123]
            	435
            	0
            	1
            	-135.83
            	0.00
          

          
            	/ACT[SCENE/@id=123]
            	452
            	0
            	0
            	-24.56
            	0.00
          

          
            	count(/)
            	287
            	0
            	1
            	-197.15
            	0.00
          

          
            	count(//ACT/ancestor::document-node())
            	152
            	0
            	0
            	66.07
            	0.00
          

          
            	count(//ACT/root())
            	165
            	0
            	0
            	-49.56
            	0.00
          

          
            	empty((/)[.//ACT and .//SCENE])
            	15
            	0
            	0
            	67.55
            	0.00
          

          
            	empty(/)
            	13
            	0
            	0
            	-176.63
            	0.00
          

          
            	empty(//ACT)
            	14
            	0
            	0
            	-377.25
            	0.00
          

          
            	empty(//ACT) and empty(//SCENE)
            	14
            	0
            	0
            	-67.5
            	0.00
          

          
            	empty(//ACT/root())
            	470
            	0
            	0
            	37.91
            	0.00
          

          
            	empty(//ACT/root()//SCENE)
            	448
            	0
            	0
            	-78.32
            	0.00
          

          
            	exists((/)[.//ACT and .//SCENE])
            	10
            	0
            	0
            	-185.37
            	0.00
          

          
            	exists(/)
            	13
            	0
            	0
            	69.54
            	0.00
          

          
            	exists(//ACT)
            	10
            	0
            	0
            	-53.78
            	0.00
          

          
            	exists(//ACT) and exists(//SCENE)
            	11
            	0
            	0
            	64.64
            	0.00
          

          
            	exists(//ACT/root())
            	363
            	0
            	0
            	0.86
            	0.00
          

          
            	exists(//ACT/root()//SCENE)
            	377
            	0
            	0
            	79.15
            	0.00
          

          
            	not((/)[.//ACT and .//SCENE])
            	4
            	0
            	0
            	4.59
            	0.00
          

          
            	not(//ACT) and empty(//SCENE)
            	5
            	0
            	1
            	-205.65
            	0.00
          

          
            	not(//ACT/root())
            	352
            	0
            	0
            	-17.33
            	0.00
          

          
            	(for $doc in collection() return data($doc//TITLE))[2]
            	15
            	9
            	9
            	-0.69
            	-0.06
          

          
            	subsequence (//ACT, 1, 1)
            	13
            	11
            	11
            	-1.52
            	-0.17
          

          
            	//ACT[exists(.//SCENE)]
            	347
            	34
            	35
            	-0.9
            	-0.31
          

          
            	not(/)
            	15
            	1
            	2
            	-35.76
            	-0.36
          

          
            	//ACT[not(empty(.//SCENE))]
            	340
            	23
            	23
            	-1.84
            	-0.42
          

          
            	//*/ACT/SCENE
            	396
            	35
            	35
            	-1.4
            	-0.49
          

          
            	(/)[.//ACT][.//SCENE]
            	340
            	24
            	24
            	-2.89
            	-0.69
          

          
            	count(//ACT/root()//SCENE)
            	315
            	34
            	35
            	-3.99
            	-1.36
          

          
            	//ACT[SCENE='content']
            	324
            	32
            	33
            	-4.3
            	-1.38
          

          
            	//SCENE[last()]
            	623
            	45
            	46
            	-3.24
            	-1.46
          

          
            	//SCENE[1]
            	626
            	37
            	39
            	-4.57
            	-1.69
          

          
            	/ancestor-or-self::node()
            	285
            	239
            	241
            	-0.77
            	-1.84
          

          
            	//ACT/TITLE | //SCENE/TITLE| //SPEECH/TITLE
            	425
            	55
            	57
            	-3.87
            	-2.13
          

          
            	/PLAY/(ACT|PERSONAE)/TITLE
            	342
            	19
            	21
            	-11.31
            	-2.15
          

          
            	/*
            	288
            	310
            	312
            	-0.73
            	-2.26
          

          
            	count(//ACT)
            	222
            	19
            	21
            	-12.14
            	-2.31
          

          
            	//SCENE[2]
            	571
            	57
            	60
            	-4.65
            	-2.65
          

          
            	//ACT[count(SCENE) = 0]
            	253
            	18
            	21
            	-17.2
            	-3.10
          

          
            	/descendant-or-self::SCENE[1]
            	452
            	26
            	30
            	-13.43
            	-3.49
          

          
            	//ACT[.='content']
            	368
            	27
            	31
            	-13.13
            	-3.55
          

          
            	/self::node()
            	292
            	309
            	314
            	-1.58
            	-4.88
          

          
            	number((/descendant-or-self::ACT)[1])
            	364
            	19
            	25
            	-30.09
            	-5.72
          

          
            	/
            	312
            	347
            	362
            	-4.45
            	-15.44
          

          
            	
            	288.23
            	34.52
            	31.15
            	9.76
            	
          

        



        
          It is clear that the path index is providing some benefit when
          the queries contain paths with multiple named steps.  In other
          cases there is sometimes some increase in query time - it's not
          entirely clear why, but the absolute value of this increase tends
          to be small.  It may be that there is some further improvement
          possible by avoiding the use of positional queries when there are
          not any useful path constraints in the query.
        

      
      
        Note on benchmarking

        
          Some reviewers expressed the desire for comparative performance
          benchmarks with other database systems.  We've known since
          at least 1440 that "comparisons are odious," or, according
          to Dogberry, in a later gloss, "odorous."  One would like the
          data, but we don't feel well-placed to provide an objective
          benchmark comparing our system against others.  The best I can
          offer is that we observe comparable performance with other
          indexed XQuery systems, and simply note that the key factor for
          performance is to extend the cases where indexes can be applied.
        

      
    
  

  
    Conclusions

    
      We described an XML search engine, Lux, based on Saxon and Lucene.
      We gave an overview of how it optimizes queries, and we explored its
      Path indexes in more depth.  Measurements show a substantial benefit
      from using these indexes. For many queries the Path index can provide
      additional benefit beyond what the QName index does, with a small
      additional cost in terms of index size.  We also described some other
      index-based optimizations that Lux applies.
    

    
      The indexing techniques described here are not unique to
      Lux. Although we're not aware of any existing use of proximity
      queries to match path constraints, it's a natural enough idea and is
      almost certainly in use in other systems as well. The main innovation
      here is the application of XML-unaware indexing technology to
      accelerate XML-aware queries, and the new combination of existing
      open source software packages to provide a reliable and powerful
      indexing and query system.  Leveraging existing technology decreases
      the amount of code that needs to be maintained and tested, and leads
      to a high quality product with less effort than might otherwise be
      required.
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  I have spent a lot of time this week thinking about what I
    understand is known in artificial intelligence as the
    hill-climbing problem. (Some in the audience will have heard me
    talk about this topic before; I apologize for the
    repetition.)[1]
  

  Imagine some space of variables — two variables are easiest to
    visualize — and some  evaluation
    function that evaluates every position in that space and provides
    a value. If we have two variables in the space, and a third value
    giving a quality value for each point in the two-dimensional
    space, we get a surface in space.  The challenge in the
    hill-climbing problem, as AI people formulate it, is to find the
    best (highest) location in that space.
  

  We can of course imagine a lot of variants of the problem, with
    complications of various sorts.  We might need to find the best
    location given a specific starting point, or
    to find the best location given specific constraints on
      where we can go and how much it costs to go there, 
    and so forth. but the simple case will suffice for purposes of
    this discussion. We imagine that we are in some location in a
    multi-dimensional space and we want to seek the best location.
  

  Now, if we face a situation like this in real life, we look around
    us and survey the terrain to see where the highest point in the
    area can be found.  And once there, we can survey the terrain
    again and find, perhaps, a higher point.  Once we see a point we
    want to go to, we can plan a route to it. The problem is less
    straightforward from the standpoint of a program, because the only
    way to assess the height (or quality score) of any point is to go
    there and evaluate the scoring function.  (This is what it means
    for the program to be at a particular
    location.)  If we put ourselves in the program’s position, we must
    imagine that we can look at the world only through a periscope, or
    that we are blindfolded: we cannot see much of anything. We have
    some way to sense height (we can evaluate the scoring function for
    our current location), but we have no easy way to see what other
    location in the neighborhood would have a higher, or lower score,
    than our current location. Pause for a moment, now, and think of
    an algorithm. You are blindfolded, with a voice-activated,
    voice-output altimeter, and your job is to find the top of the
    highest hill in the neighborhood.  How do you go about it?

  The simplest algorithm, and the one that I expect three-fourths of
    the audience just thought of, is something like this: Try moving
    right one step, and check the altimeter.  If we find the we have
    one downhill, go back to the starting point (i.e., move left one
    step). Then try moving one step forward, or in any randomly
    selected direction. Again, try the altimeter, and again, if we are
    are going downhill, then come back.  Essentially, the algorithm
    is: Go uphill, in any direction; never go downhill.
    

  If we follow this algorithm, we are assured that we will never end
    up at a spot that’s worse than our starting point. It’s not hard
    to see that this approach works fine for some spaces; whenever the
    space is occupied by a simple surface with a single optimum
    location, something like a dome, then this simple algorithm —
    never go downhill — will get us to the global optimum.  Also, it’s
    easy to implement, easy to understand, and its simplicity makes it
    easy to know that we got the implementation right. In a more
    complicated space, however — imagine the surface of the moon, or
    any reasonably realistic mountain landscape on earth, where the
    surface is pitted with craters or ravines and has many, many peaks
    — this simple algorithm has a fatal flaw. It traps us in a
    local optimum. We go uphill, and we will reach the peak of the
    hill we were on when we started.  But we will completely miss the
    much, much better location we could have reached, if only we had
    been willing to go downhill just a little bit first. If we had
    been willing to step across the Pecos River here, we could have
    climbed El Capitan.[2] So we could have done much better, but our algorithm
    didn’t allow us to.
  

  I think about this problem because a few years ago I acquired the
    unsettling conviction that, when it comes to technology adoption,
    most users follow what is essentially that simple algorithm: They
    never want to go downhill. They never want to accept any pain in
    order to get some benefit. Jean Paoli formulated this idea
    concisely some years ago, and I think of this as Paoli’s
    Principle. (And since Jean Paoli, my co-editor on the XML 1.0
    specification, managed to sell one product group after another at Microsoft
    on the use of SGML and XML, when he talks about how to sell
    things, I think we should listen.) He said if you ask someone to
    put in five cents of effort in the first fifteen minutes, then
    they want a nickel back after fifteen minutes. They’ve got to at
    least break even; it’s much better if they get ten cents back, and
    better still if they get a quarter or a dollar. But you’ve got
    fifteen minutes, or you’ve got an hour. You have a very short time
    for them to break even on the time and effort they have invested.
    If they can see that they have gotten enough benefit for the
    effort they have put in, they’ll continue.
  

  It’s easy to be irritated by this, especially when we see it in
    other people, because in reality we know that if we want to find a
    global optimum, to find the highest peak in a given land mass,
    then you have to be willing to cross a few valleys. You cannot
    climb Everest without crossing some valleys to get to the foot of
    Everest. An unwillingness ever to go downhill, an unwillingness to
    invest any sizable amount of time and effort before that time and
    effort begins to pay off, traps people and organizations in
    short-term thinking, just as it traps companies in
    quarterly-balance thinking. If a company insists on seeing a
    return on any investment within a quarter, then that company will
    never find the money to pay for long-term investments, which in
    this case means anything that will pay off in some period greater
    than three months.
  

  It’s extremely difficult for countries that can’t do long-term
    investment to produce intellectual products that require thirty
    years of investment or effort. It is exceptionally difficult in
    some countries to do critical editions of major authors, because
    critical editions of major authors don’t happen in six months.
    It’s a fortunate case if it takes only a decade.  Dictionaries are
    even worse.  No one makes a major historical dictionary of any
    important language in ten years. The great standard dictionary of
    Middle High German, for example, began as an index to a
    pre-existing dictionary. The compiler thought it was going to take
    him two years; it took twelve. And no one has been willing to
    invest that kind of time in a Middle High German dictionary since,
    for the very simple reason that academics, in Germany as in the
    US, have a similar kind of short-term pressure. One can’t start a
    Middle High German dictionary as an assistant professor, because
    it cannot be finished in time for the author to get tenure. And if
    the author doesn’t get tenure, they will never be able to finish
    the dictionary. But if the scholar waits until they have tenure,
    then they are too late: now, they will not finish the dictionary
    before they die.[3]
  

  This kind of short-term thinking seems to be exactly what Matt
    Patterson was talking about in his talk Patterson01. He gave a vivid (and I think to some
    of us deeply disturbing) account of the demographic fact that
    users of technology want quick payoffs. They want an easy on-ramp;
    they want to avoid all threshold difficulties. And with regard to
    the adoption of technologies, that desire plays out in ways that
    may make some of us unhappy. It can be very upsetting to
    contemplate the refusal of other people to use technology that we
    use and that we like and that we think would solve many important
    problems for them. Their reluctance to expend effort to invest the
    time it takes to learn how to use the technology and then to apply
    them can seem unwise and obstinate and can induce all sorts of
    bad-tempered behavior on our part.
  

  But if we are honest, some of us at least will realize that with
    respect to at least some technologies we ourselves also follow
    that rule: We explore new technology by looking at it for an hour
    or a day or fifteen minutes or a week, and then we either decide that
    we’re going to continue or we cut our losses by stopping. I spent
    an hour once trying to understand better how XML gets processed in
    conventional programming languages by trying to work through the
    first examples in a book on XML processing in Python. At the end
    of the hour my Python interpreter had still not managed to find
    the SAX interface, so I had not managed to get a single example
    working. My hour was up and I stopped. And the next time I had
    time to work on this larger project, I took up the next book on the
    shelf and I spent an hour working through the first few examples
    of XML processing in Java, and it worked, and I continued to use
    Java.[4]
  

  That means I spent time focusing on one programming language
    rather than another, based not on any intelligent comparison of
    the strengths of the two programming languages, nor on the quality
    of their implementations. Essentially, my choice of programming
    language was based on a completely irrelevant property of one
    particular implementation running on one particular operating
    system (and possibly the initial problem only resulted from a
    malconfiguration of that system). But life is sometimes too short
    to do all the homework that we should do, or even all of those
    things that we should do that we also think would be fun to do and
    that we’d like to do.  So sometimes our decisions are based on
    irrelevant properties and short-term thinking.
  

  That same topic came up again in another context this week.
    Andreas Tai gave, I thought, an admirably calm and evenhanded
    account of the dynamics of one instance of this phenomenon, in an
    area that is important to all of us both for contemporary
    accessibility and for long-term preservation Tai01. You can see, perhaps, why the hill-climbing
    problem and problems of optimization have seemed a useful way to
    organized my thoughts about the Balisage conference this week.
  

  Another metaphor can also be useful sometimes in thinking about
    optimization. How can we get a better place to live? If we don’t
    like our house or we think it might be nice to have a nicer house,
    we have a variety of options:
    

      	
	We can move. We can abandon the house we live in and move to
	  another place.
	

      

      	
	We can change our house a little bit, possibly in simple
	  ways:  vacuum the carpet, pick up the mess, make it neat.
	  Now it’s more attractive, how interesting. Maybe I don’t
	  have to move after all.
	

      

      	
	Maybe we need to knock out a wall, maybe we need to renovate the
	  bathroom, maybe we need to patch the foundations.
	

      

      	
	In some cases, we may need to lay new foundations and then
	  carefully separate the existing house from its old foundations
	  and move it onto the new foundations and drop it.[5]
	

      

      	
	Or we can add onto the house.

	That means we don’t need to change things in the house we’ve
	  got. We could have a bigger house just by adding a new room.
	  We lay new foundations for that room. And maybe the old part
	  of the house is kind of funky and the new part of the house
	  is different, better insulated for example. Or we could even
	  build outbuildings that are physically not contiguous to the
	  old house but are still in the same place.

      

    

  All of those are possible.

  And all of those have been instantiated in talks at this
    conference. On Wednesday Sanders Kleinfeld showed us a carefully
    reasoned argument for moving house, moving to a new place Kleinfeld01. Just now Tommie Usdin gave us a
    similarly carefully reasoned explanation for why this conference
    is going to move to a new place.[6]
  

  But sometimes we just need to clean up a few things, or buy
    some new furniture. Sometimes, when you stop and think about it,
    the current house looks pretty good. Brent Nordin’s talk this
    morning about the history of Canada’s model building codes Nordin01 made me think “Wow! You know, some
    of those technologies actually work the way we hoped they would.
    They work well for the things that they were meant for, and for
    some others.  Something went right!” Peter Flynn showed that
    XML can coexist happily with other markup languages and can be
    used to solve important and useful literate programming challenges
    Flynn02.  There have been several papers that
    talk in interesting ways about change tracking and textual
    variation or information variation — this was not always the
    main focus but they stick in my mind for their commonalities: on
    Monday at the user-interface symposium, Charles O’Connor and
    his co-authors presented (among other things) a very nice
    description of the ways in which standard string comparison
    functions, and in particular the technique of finding the longest
    common substring, fall short of what you really need in an
    editorially oriented change tracking system OConnor01. On Tuesday, Tristan Mitchell and Nigel
    Whitaker’s paper on change tracking in ISO standards illustrated
    the same point and talked about how to record changes in a way
    that was useful for editors thinking about the text Mitchell01. This morning Daniel Röwenstrunk
    talked about work on the Freischütz Digital Project and the work
    they have done on the encoding of variations in the incredibly
    complicated world of XML encoding of musical material Kepper01.  And Ari Nordström showed the continuing
    relevance of the old rule that many, many problems in computing
    can be solved if you can just introduce one more layer of
    indirection — in this case for semantic profiling Nordstrom01.

  And we continue to explore new ways of achieving old goals of
    reuse and single-source use of data. Eliot Kimber talked this
    morning specifically about an architecture for generating slide
    presentations Kimber01; Alan Bilansky gave us
    a thoughtful consideration of the issues that arise in slide
    preservation and the trade-offs between preserving detailed
    information about some aspects of slides, and discarding that
    information in the interests of being able to preserve anything at
    all Bilansky01. And this morning Jerome
    MacDonough gave us a deceptively calm account of the absolutely
    terrifying prospects that open up in front of anyone who thinks
    hard about what it is going to mean to preserve computer games for
    people who are going to be born two hundred years from now McDonough01. I’m astonished that
    he is as calm and collected as he is. Many people faced with
    prospects like that would have run screaming; you’re a strong man!
  

  Liam Quin talked about a community building effort of the kind of
    many of us have participated before, that is going to be very
    important in making sure that publishing and those who are
    responsible for the commercial propagation of our cultural
    heritage can live in this new world. So I thank Liam for his talk
    about the new W3C Publishing Activity Quin01.
    And Tony Graham’s work on decision making in XSL FO Graham01 seems to illustrate an important case:
    sometimes all you have to do to make a house a better place to
    live is to fix the problems that arise, and sometimes it’s just a
    question of sitting down and doing it.

  It’s very useful if you’re going to do that to make sure you
    understand what is going on.  You want to pause for reflection and
    you want to begin by gathering the facts. We have a number of
    papers that seem to me to make their contribution by gathering the
    facts without leaping to conclusions about what they mean. Let’s
    start with the facts. Thank you, David Lee, for dealing with the
    myths of fat markup Lee01. Thank you, Peter
    Flynn, for actually asking authors what it is they think a user
    interface is going to do Flynn02. Thank you,
    Mary Holstege, for showing how we can actually turn our tools to
    look at themselves (in the way that Gadamer and every other of
    every other writer in the history of hermeneutics would recognize
    as impossible), how to allow our tools to examine themselves in a
    useful way, even for such pragmatic tasks as figuring out where to
    put our QA effort Holstege01.
  

  Of course, sometimes when we look at the facts, we may decide that
    we need to change our ways. Sometimes the best way to become
    happier with our house is not to move or change anything in the
    house, but to change the way we think. And in this vein Simon
    St.Laurent gave a characteristically erudite and thought-provoking
    analysis of two ways of thinking about and building systems StLaurent01. As I understood his line of thought,
    he believes we’ve leaned too far in the direction of industrial
    standardization and rigidity in our systems, and we have spent too
    little time building systems to encourage and care for and
    preserve variation and individuality. We can believe that that
    leaning toward rigidity and industrial standardization is inherent
    in our technologies (I think he may be inclined to believe that
    but in fact he stopped short of actually saying it), or we can
    believe that it’s a matter of how we use our technologies. Either
    way, it’s an important thing to think about.
  

  David Dubin and his colleagues talked about what I think is a
    related difference Dubin01.
    Sometimes the goal of a specification or a specification community is to prescribe
    common practice, in the hopes of achieving network effects and
    interoperability. And sometimes, on the other hand, the goal of a
    specification is to achieve a better understanding of existing practice and
    better fit for local variations of usage. I take them to be
    talking about the same dichotomy that Simon St. Laurent was
    exploring, between a style oriented toward industrial mass
    production on the one hand and what we can call a more Gothic
    style on the other.
  

  Or you can just add on to the house.
  

  In technology, instead of just cleaning things up or renovating
    inside, you can say, in effect: let’s leave the house alone. Let’s
    build another building.  Or: let’s build an extension. Instead of
    changing technologies that we would like to improve, we can layer
    something on top of them. And then we don’t have to change those
    technologies. This can be convenient, since change is (as we keep
    seeing in various ways) often painful.  One of the nice things
    about layering in technologies is that, depending on how we feel
    about the lower levels in your layering, we can use layering to
    exploit properties we like in the lower levels, or to hide the
    lower level so we no longer have to think about it.
  

  This year I think the papers we’ve heard about XForms provide the
    single biggest block of examples of judicious technology-layering.
    As a vocabulary, XForms is designed to be embedded into an
    appropriate host document language —
    any host document language. XForms thus
    avoids the need to change a host vocabulary by revision. There is
    no need for the designers of the host language to have integrated
    forms support into the language; XForms can be added on later
    without disturbing the rest of the language.  Just by
    adding something new XForms opens up a huge number of
    possibilities. Steven Pemberton gave an introduction to XForms on
    Monday Pemberton02. Mustapha Maalej and Anne
    Brüggemann-Klein from Munich reported on some really beautiful
    technical work that makes some things possible in XForms that I
    have wanted to do often and have never known how to do Bruggemann-Klein01. I’m very grateful to them for
    that.  Ari Nordström talked about using XForms in practice Nordstrom02. Éric Sigaud and Éric van der
    Vlist also talked about using XForms forms in practice Cotton01 — we have this nice balance between
    theory and practice here, where did that come from?
  

  During the conference itself, Tobias Niedl (again working with
    Anne Brüggemann-Klein) talked about the possibilities for XForms
    implementations in an HTML5 environment Niedl01. And the other day Stephen Cameron and
    William Velásquez outlined approaches to building design
    frameworks using XForms Velasquez01. Other forms of layering can also be
    seen in other talks here this week. On Monday, George Bina talked
    about building an authoring customization layer on top of Oxygen
    Bina01. That technique can be used to build
    an authoring layer over any editor that is sufficiently
    sophisticated to be heavily customizable. Different editors will
    of course offer different opportunities for customization: it’s a
    good example of the virtues of layering.
  

  Jonathan Robie and his co-authors give us another good example
    Robie01: the Restful Service Description Language
    layers on top of XML and HTTP.[7] People sometimes complain about the reinvention of the
    wheel, but what I always think is: if enough
    of us spend enough time reinventing the wheel
    it increases the likelihood that sometime, some day,
      somebody manages to get the axle in the middle! So
    the wheel works better! 
    
  

  I’m not sure I understood all of the details but I believe that
    Michael Sokolov’s paper fits here too Sokolov01. One way to look at his work is to say
    that he has layered a form of indexing into, or onto, Saxon’s
    XQuery processor. Or we can turn it around and say that he has
    layered an XQuery processor on top of the Lucene full-text
    indexer. Either way, it is very cool work.
  

  And speaking
    of cool,    
    Michael Kay and O’Neil Delpratt have layered an XSLT 2.0 processor
    on top of Javascript Delpratt01. How cool is that!
    Among other things, an XSLT processor layered on top of Javascript will
    insulate users of XSLT from the people who control the browser, in ways that give
    us more control over our own fate.
    I don’t mind nearly as much my web
    application running in a Javascript interpreter,
    as I would mind having to
    write the damn thing in Javascript.[8]
  

  It’s unusual, I realize, to conceive of a layering solution as
    involving the insertion of a lower level beneath existing
    technology, as opposed to a higher level above it, but we have an
    example of that inversion here as well. We owe this unusual
    example to Dimitre Novatchev, who has made a career out of seeing
    in common technologies properties that others have not perceived
    Novatchev01. It may be a good thing that
    nobody was sitting immediately beside me when I understood his
    technique for defining recursive functions in XPath 3.0.  As many
    in the audience know quite well, XPath 3.0 only has anonymous
    functions.  And the one thing I understand about recursion is that
    to make it comprehensible, it requires named functions.[9] 
    It’s a good thing no one was sitting close beside me
    because when your head explodes that way sometimes shrapnel
    escapes and other people can get hurt.  It’s one of the risks we
    take, reading Dimitre Novatchev: we are in grave danger of
    learning something unexpected.  Anonymous recursive functions
    without the Y combinator:  we heard it here first.

  And then there is the possibility of laying new foundations for the
    house, and moving the existing superstructure over onto them. XML
    technology offers us a very good example of this technique. XPath
    1.0, some of you will recall, has expressions which evaluate to
    node sets. These are defined as sets of nodes, by definition
    unordered. But the only place most users ever saw node sets was
    (is) in the context of XSLT implementations. And XSLT specifies
    that node sets will always be processed by XSLT in document order.
    XPath 2.0, by contrast, does not node sets.  Its expressions
    evaluate to sequences. But all of the expressions that used to
    work, still work. They all have pretty much the same observed
    behavior. But if you ask formally what exactly is happening, what
    does this expression mean, the foundation has changed. 
    Those changes to the foundations help make other things work
    better, and — because almost all user-visible behavior 
    is unchanged — they do not inconvenience users, or cause
    users to shy away from XPath 2.0.
  

  There are other examples of the same new-foundations approach,
    farther back, in more abstract fields. As far as I know,[10] it never occurred to a single mathematician before the
    middle of the 19th century to think about the possibility of
    defining axioms for arithmetic. Axioms are for geometry.
    Arithmetic doesn’t need axioms — arithmetic doesn’t work
    that way! But David Hilbert and Gottlob Frege and Giuseppe Peano
    and Alfred North Whitehead and Bertraind Russell poured new
    foundations for mathematics, and carefully picked up the building,
    and carried it over, and dropped it onto a logical foundation that
    essentially wasn’t where it had grown. One of the chief criteria
    for those new foundations was that they should allow as much
    mathematics as possible to continue to work in a recognizable way.
    Now, changing the foundations often seems — as in the case
    of XPath that I just mentioned — to involve defining new
    semantics for things that already exist, and this is often rather
    mysterious. As Tommie observed on Tuesday, the word semantics quite
    often denotes precisely those things that we don’t actually know
    how to define or to do Usdin01.
  

  Micah Dubinko showed us yesterday some of the difficulties
    that can arise when you try to provide foundations for certain
    kinds of things (in his case, semantic applications) Dubinko01.  John Cowan has thought about
    foundational questions and they have led him to reintroduce in an
    XML context the idea of architectural forms originally introduced
    for HyTime in an SGML context Cowan01. 
    Maybe he has the axle in the right place. That would be 
    interesting.
    It was certainly interesting that even in such a determinedly simple 
    context as this one, we immediately got both push and
    pull styles of transformation. I have to think about what that means.
  

  Sometimes, though, new foundations just feel right, without need for long thought
    about the new location of the axle. No one who considers the
    declarations necessary to define DITA using DTDs, and then also
    considers the declarations shown by George Bina and Eliot Kimber
    in their fill-in talk on defining Relax NG schemas for DITA, can
    think that what they describe was anything but a good move. When
    you go from this big [gesture] to
    this big [gesture], it suggests
    very strongly that you have gotten at least some of the basic
    primitive notions right.
  

  Because one of the characteristics of good fundamental notions is
    that they allow you to say things concisely.
  

  At Balisage, one of the most obvious places to look for talks
    about new foundations is to look at the talks considering markup
    that’s not shaped like trees: standoff markup, overlapping markup,
    and so forth.  Yves Marcoux, who did a remarkable job at making a
    very abstract theorem about serialization of graphs comprehensible
    first to his co-authors and then to you, deserves special praise
    Marcoux01. We’ve had several talks about APIs
    for standoff annotation. Peter Bouda and his co-authors talked
    about the Poio API and GraF-XML format Bouda01.
    Nils Diewald reported on work he did with Maik Stührenberg on an
    API to make it easier to work with the X-Standoff format Diewald01. Maik Stührenberg himself talked about
    X-Standoff 2.0, in particular the features added to support
    spatial and temporal annotation Stuhrenberg01.
    I think those are analogous to the kind of annotation that Micah
    would like to add to RDF triples. The work on XStandoff 2.0 also
    seemed to me to exemplify the use of schema languages to
    explicitly license and enable variation in documents and styles,
    and not to constrain them tightly.  If Simon St. Laurent is
    correct that we have been too rigid in defining many of our
    vocabularies, Maik Stührenberg’s work on XStandoff 2.0 may be an
    indication that the fault lies in our system thinking and not
    necessarily in our schema languages. Another fundamental change,
    less radical in some ways but extremely radical at the practical
    level, is the introduction of streaming and streaming processing
    that Abel Braaksma talked about on Thursday in another fill-in
    slot.
  

  But we have heard reports on a number of even more dramatic, even
    deeper re-foundations. To start, at the very beginning of the
    conference, Rob Cameron and Nigel Medforth and their colleagues
    reported on work that turns the basic notions of parsing inside
    out, or sideways, and shows that it is possible to achieve
    dramatic speedups by rethinking fundamental questions Cameron01. What a dynamite, dynamite talk! And then
    today, Michael Kay invited us to follow the lines of thought taken
    by his students in Ftan, about how one might go about building an
    XML-like system if we were starting in 2013 instead of having
    started in 1996, or 1986, or 1973 Kay01. That
    thought experiment feels to me a little bit like laying out a nice
    new clean set of foundations and moving the house a fair distance.
    Later in the day we got from Alain Couthures a different kind of
    rethinking about foundations, that felt more like repouring the
    foundation with the house remaining in situ Couthures01.  His extensions to the Document Object
    Model felt a little disorienting to me, but perhaps at some level
    his changes are less disruptive — some of the inhabitants of
    the house may not even notice that the house has acquired new
    foundations. If we exploit the gaps in the specification of the
    DOM as he suggested, we can work with a much broader range of data
    types. And if you’re not sure why you would want to do, all you
    have to do is think about the talk that Hans-Jürgen Rennau gave
    the next day, that deep and thought-provoking consideration of
    what it is that is most important in our current technologies and
    how to preserve and protect and extend those advantages Rennau01. There is an old joke that says that the
    programming language Prolog was first implemented in about 1971 by
    Colmerauer and colleagues in Marseilles, and then designed two
    years later by Robert Kowalkski in Edinburgh.[11] 
    Once the design had been published, people started to
    understand the language. This week, I felt a little bit as 
    though Hans-Jürgen Rennau had provided the theoretical 
    underpinnings that helped motivate Alain Couthures’s work. 
    Alain  Couthures’s suggestions would be one
    way, although not the only way, to proceed along the lines that Hans-Jürgen
    Rennau laid out. Steven Pemberton also found found a way to
    exploit a joint, an open space in the definitions of our current
    system Pemberton01.  
    It is easy for naïve readers to believe that
    dereferencing a URI invariably requires that we contact
    the server identified in the URI, via an HTTP request, and 
    take exactly what that server gives us back. But
    that’s not necessarily true. Web architecture tells us that that
    server is the authoritative source of information about the
    resource denoted by that URI,
    but if the client had to contact that server every time it
    dereferened the URI, then proxies would be
    impossible. But on the contrary, the Web is designed to make 
    proxies possible, not impossible. And a
    proxy that provides XML lenses and allows us to read
    arbitrary data as if it were XML, sounds like a great way to
    achieve world domination to me:  a kind of XML injection attack.  I
    think I could live with world domination. At the very least I
    could certainly live with being able to read CSS and XPath and
    other expression languages and handle them using XSLT templates,
    as I would be able to do if they had been written in XML 
    angle-bracket syntax from the beginning. But they weren’t:
    it turns out that not everyone wants to write
    things in angle-bracket syntax: it requires too much work.
    It has too high a threshold, too steep an on-ramp. 
    (Remember that theme? This is where we came
    in.) I notice in passing that the grammatical annotations Steven
    Pemberton introduces into his Van Wijngaarden syntax seem
    remarkably similar in spirit to the schema annotations that John
    Cowan introduces into his Examplotron schemas to guide the
    implicit transformation Cowan01. And I like that echo, too.  I have to
    think about it, about what it means.
  

  As we think about how to improve our house and
    where to site it, let us remember a principle that is attributed to Frank
    Lloyd Wright. Never, he is supposed to have said, 
    never build a house on the top
    of a hill.  Build the house at the bottom of the hill, or at least a little
    way down from the top.
    Save the top of the hill as a place to walk to, occasionally, for the
    view. The top of the hill, in this account, is a place where we can go
    to take a wider view of things than we normally do, that can make it a
    place to think, to reflect on our situation, to make plans for how to improve
    our situation. You don’t want the house to be at the top of the hill,
    because then
    you have no place to go for that wider view that the top of the hill
    affords. If you see that view all the time, it doesn’t provide the same
    benefit, because the benefit comes partly from the wider view and
    partly from the alternation between the wider view at the top of the
    hill and the narrower view 
    that is what we see when we focus on the work immediately before us.
    Mary
    Holstege said the other day that one reason to come to Balisage is
    to step
    back a bit from our day job.
    It is appropriate perhaps that for some years
    now, we have come to a city with a hill, for this exercise in
    stepping back from things and taking a wider view, in reflecting on our
    situation, and in making plans to improve our situation. Thank you all for
    making Balisage a place where we can do all those things.
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Notes
My thanks to Roger Sperberg and to Tonya Gaylord for their
	help in preparing this piece for publication.  Some sentences
	have been reformulated for clarity and ease of reading, but
	for the most part the substance of these remarks remains
	unchanged.  In some cases I have added footnotes to correct
	factual errors in the text.
      

    
View note in Notes section
I seem to be playing a little fast and loose with Texas
	geography here.  The text is probably correct to suggest that
	El Capitan would be a better result than we could reach if we
	were on the other side of the Pecos River, but in fact El
	Capitan is not the highest point in Texas; that’s Guadalupe
	Peak, nearby. El Capitan is the eighth highest.
      

    
View note in Notes section
This account is accurate as far as it goes, but
	incomplete. It took more than a century, but eventually an
	editor of Middle High German texts, a scholar skilled in the
	ways of grantsmanship, found a way to arrange for funding and
	to start a project of which he knows he cannot live to see the
	completion. We will have a new dictionary
	of Middle High German, thanks to the work of Kurt
	Gärtner.

    
View note in Notes section
The experience has perhaps made me a little less of an
	XSLT/XQuery bigot than I would otherwise be, but in the end,
	my exploration of XML processing in conventional programming
	languages merely makes me wonder why I would want to use
	conventional programming languages when I’ve got XSLT and
	XQuery. But at least the examples worked with Java.

    
View note in Notes section
That happened, actually, at a house I was visiting
	      over the weekend before the conference. I thought it was
	      very rare but it appears not to be nearly as rare as I
	      had thought.

	  
View note in Notes section
Balisage has taken place in Montréal each August from
	its beginnings through 2013; in 2014 it will move to a new
	location.

    
View note in Notes section
In some ways their talk could also be regarded as an
	example of moving to a new house entirely: they didn’t try to
	change the existing Web application description languages,
	they just said “That one doesn’t work for us, we’ll
	build a new one.”

    
View note in Notes section
Admittedly, even running in XSLT layered over
	Javascript is likely to make me a little crazy, but
	that’s nothing compared to the craziness of
	writing an application directly in that language of 
	twisty little passages all alike, where the
	book most frequently recommended to serious programmers is 
	a book by Douglas Crockford called Javascript:  
	  the Good Bits (a notably
	short work), which describes the small, quiet,
	clean language inside of Javascript, trying to get out.
	Without such a book, programmers would miss that
	small clean language, because it’s living incognito
	and gives very little sign of itself.

    
View note in Notes section
It is possible, I have been told by people with Ph.D.s in
	computer science, to use recursion without naming the
	function, using the Y Combinator. Since I’m interested in this
	kind of thing I have asked pretty much every Ph.D. in computer
	science I’ve run across for several years if they will explain
	it to me. And I have yet to find a Ph.D. in computer science who
	claims to understand it themselves, let alone to understand it
	well enough to be willing to explain it to me over
	coffee.

    
View note in Notes section
I am not, however, a historian of mathematics.

    
View note in Notes section
I have been unable to find any written version of this
	joke suitable for quotation; it appears to be a reflection
	of the fact that Kowalski’s account of the philosophy of
	logic programming Kowalski was better 
	known to Anglophone computer scientists than the initial report
	by the Francophone designers of Prolog, who seem to have
	published more about work done using Prolog than about the
	development of Prolog itself Colmerauer.
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      Abstract
Igel is a small XQuery-based web application for
        examining a collection of document grammars; in particular,
        for comparing related document grammars to get a better
        overview of their differences and similarities. In its initial
        form, Igel reads only DTDs and provides only simple lists of
        constructs in them (elements, attributes, notations, parameter
        entities). Our continuing work is aimed at making Igel provide
        more sophisticated and useful information about document
        grammars and building the application into a useful tool for
        the analysis (and the maintenance!) of families of related
        document grammars. 
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    Introduction

    
      Igel is a small XQuery-based web application for examining a
      collection of document grammars; in particular, for comparing related
      document grammars to get a better overview of their differences and
      similarities. Igel is a product of collaboration between the Institut
      für Deutsche Sprache (IDS) and Black Mesa Technologies. (The I
      and the G of the name can be thought of as standing for "IDS" and
      "grammar", and the E and L were added to make the German word Igel
      'hedgehog'.)
    

  

  
  
    Requirements

    
      IDS creates, maintains, and exploits a number of corpora of modern German,
      including DeReKo (Deutsches Referenzkorpus, kupietz2010),
      the German Reference Corpus, about 6.1 billion running words of text[1] from 
      many different publishers and including
      documents from 1964 to the present. Over the years, IDS has developed and
      used a number of formats for representing corpora, including a local
      customization of XCES the XML Corpus Encoding Standard, itself a
      customization for corpus-linguistic work of the Text Encoding Initiative's
      TEI P3 and TEI P4 tag sets) and most recently I5, a reformulation of their
      existing vocabulary on the basis of TEI P5. The migration process to I5 is
      described in luengen2012.
    

    In the context of collaborations with other institutions
      which are also using variants of TEI P5, IDS has a requirement
      to develop a sound understanding of how the different variants
      of TEI P5 relate to each other. Igel is designed to provide
      accessible tools for answering this question, from the simple
      (what elements in vocabulary A are missing
      from vocabulary B? what elements do they
      have in common?) to the more complex (which parts of content
      model C are actually needed to cover the
      data in collection D?). 

  
  
  
  
    Design and current status of Igel tools

    
      The main work of Igel is done by a collection of XQuery functions
      which operate on an XML representation of the document grammars
      involved. Given a suitable XML representation, it is very easy to
      write XQuery expressions to list all the elements and attributes
      declared in a given document grammar or to display the definition of a
      common element in several grammars.
    


    
    
      Functionality

      
        The current version of Igel has only basic functionality:
      

      
        	
        
          From a control panel, an administrator can supply the URI of a document
          grammar and have it added to the collection.
        

      

        	
          
            From a list of document grammars in the collection,
            the user can select one or more for closer examination and 
            comparison.
          

        

        	
          
          
            For any selection of document grammars, the user can get a list of
            declared element types, attributes, notations, entities, parameter
            entities, etc., showing which constructs are shared and which are
            unique to individual grammars.  This makes it easy to see the 
            union, intersection, and set difference between the lists of
            constructs in different grammars.
          

        

        	
          
            For any given element, attribute, etc., the user can display the
            declarations for that construct from all selected grammars. This
            allows convenient examination of the declarations by a knowledgeable
            human.  Parameter entities are expanded in place with appropriate labels
            at the beginning and end of each entity reference; this allows both
            the form of the declaration and the effective declaration to be
            examined.
          

        

      

      For additional functionality not currently present but which we plan
      to add, see below.

    

    
    
      XML representation of document grammars

      
        The basic requirement for studying document grammars using XQuery is
        that we must have an XML representation for the document grammars.
      

      
        DTDs, as is well known, do not use XML but use a non-XML notation
        inherited from SGML and ISO 8879. There are a number of XML
        representations for DTDs, like NekoDTD (clark_neko),
        SWI-Prolog (wielemaker_prolog) or
        DTDinst (clark_dtdinst) , but most interesting
        production DTDs make extensive use of parameter entities
        to simplify understanding and maintenance of the document grammar and
        none of the commonly used XML representations of DTDs provide the
        necessary access both to the parameter-entity structure of the grammar
        and to the expanded declarations. Wayne Wohler's DTD4DTD
        (wohler1994) does provide access to both physical and
        logical structures, but goes rather far in the opposite direction:
        its element structure is so directly modeled on the form of the grammar
        in ISO 8879 (down to elements to contain the whitespace in the original)
        that it is not particularly convenient to process.  It is also 
        rather difficult to produce for a parser which has restructured
        the grammar in order to eliminate the many reduce/reduce conflicts and ambiguities
        in the grammar.
        
      

      
        Some schema languages commonly used today (e.g. XSD and Relax NG) do
        have standard XML representations, but these representations are also not
        well suited to the kind of grammatical comparisons Igel is designed to
        support. The declaration of an element, for example, may refer to a
        complex type or a pattern declared elsewhere in the schema and may
        thus not be interpretable in isolation. The chains of dependencies can
        be arbitrarily long. The user of Igel, however, has the same
        requirement for these document grammars as for DTDs: both the expanded
        structure of the declaration and the maintenance-oriented short-hands
        need to be accessible.
      

      
        So for the moment, at least, Igel uses an idiosyncratic XML
        representation derived from the first author's unpublished work on
        SGML representations of DTDs in the early 1990s. A yacc/lex parser
        named dpp (for DTD pre-processor) parses DTDs and produces XML output
        in which parameter-entity boundaries are made visible as milestone
        elements. XSLT stylesheets can be used to transform this
        representation of the DTD into another in which parameter entities are
        represented as nesting elements, but in practice those stylesheets
        have proven to be unnecessary most of the time in practice; many
        operations are slightly simpler when parameter entities are visible as
        milestones and not as normal nesting elements.
      

      
        The dpp parser is not an integral part of Igel; instead, dpp is made
        available as a service on an HTTP server, and Igel loads DTDs by
        calling that service with appropriate arguments. The dpp service then
        returns the XML representation of the DTD, which Igel loads into the
        XML database.
      

      
        A current limitation of dpp is that it does not allow parameter-entity
        boundaries in every location where they are legal according to ISO
        8879 and the XML specification, because the DTD grammar as written in
        ISO 8879 has a large number of reduce/reduce conflicts. So support for
        explicit entity boundaries in dpp has been developed ad hoc, by
        tweaking the grammar until dpp succeeded in parsing a number of well
        known DTDs with extensive use of parameter entities (specifically the
        SGML DTD of ISO 8879 Annex E, HTML 4.01, XHTML 1.0, the NLM Journal
        Archiving Tag Set, TEI P3, and TEI P4).
      

      
        A current limitation of the XML representation of document grammars
        used is that it is not yet documented.  Since the XML representation is
        only used internally and is not exposed to the user, the lack of
        documentation is a burden primarily for those responsible for 
        maintaining and extending Igel and related tools.
      

    

    
    
      Implementation

      
        The initial implementation of Igel used Sausalito, an open-source
        XQuery engine adapted from Zorba by the commercial firm 28msec, and
        deployed on 28msec's free public demonstration server my28msec.com,
        at the address http://igel.my28msec.com/.
      

      
        Sausalito, however, is now being retired as a commercial product by
        28msec, so Igel has been reformulated as a BaseX application using the
        BaseX http interface. A conventional Apache web server handles
        security and communication with the user. PHP modules accept user
        input, translate it into calls on BaseX functions, and direct the
        BaseX output to the user.
      

      At the time this document was written, the current version of Igel
        was on the web at http://clarin.ids-mannheim.de/igel/.
      

    
  

  
  
    Future work

    
      Several important parts of Igel remain to be implemented; some of
      these will, we hope, be completed and available for demonstration in
      Montreal.
    

    
      	
        For a given document grammar, list elements declared but not used
          elsewhere and elements used (referred to) but not declared.
        

      

      	
        For a given element in a given set of document grammars, list
          ancestors, parents, children, and descendants.

      

      	
        For a given parameter entity in a given set of document grammars,
          list other parameter entities this one refers to directly or
          indirectly; list other parameters which refer directly or indirectly
          to this one.

      

      	
         For a given element or parameter entity in a given
          document grammar, list other elements and/or parameter
          entities which "compete" against this one in the sense of
          XSD 1.1. (For any X and
            Y, X and
            Y compete against each other in
          content-model expressions like (X | Y),
            (X*, Y), (Y+, X), and (X?,
            Z*, Y). If X and
            Y are parameter entities denoting
          classes of elements and compete against each other, adding
          the same element to both X and
            Y will result in a determinism error
          in a DTD, or a unique-particle attribution error in XSD.)
        

      

      	
        
          From a content model, generate a drawing of a finite-state automaton
          that accepts the language defined by the model; display in the user's
          web browser.  
        

        
          This task (and the others involving drawing diagrams) is easy with an
          XQuery engine that has an interface to GraphViz [2]; Sausalito
          has such an interface, which allows an XQuery application to generate
          diagrams by creating an XML representation of the GraphViz input
          format, calling an extension function, and receiving SVG back. BaseX,
          however, does not have a native GraphViz interface, so we must find
          another way to generate our FSA diagrams. Recent developments within
          the BaseX community look promising, but we have not yet investigated
          them for use within Igel.[3] 
        

      

      	
        
          For a given set of elements in a given set of document grammars,
          read a body of XML documents and report on the frequency with which
          different parts of the content models are used. That is, provide
          information on the degree to which the document grammar overgenerates
          by allowing structures not actually present in the sample data.  
        

        
          Draw a weighted FSA for the content models in question, color-coding
          frequently used, rarely used, and unused arcs and nodes.    
        

      

      	
        For any two content models X and Y, test whether X is a subset of
          superset of Y; if not, generate expressions describing the
          intersection of X and Y, the difference of X and Y, and the difference
          of Y and X.
        

        
          Draw FSAs for all expressions involved.
        

      

      	
        
          Support XSD and Relax NG schemas. The document grammars of most
          pressing interest to IDS currently are DTD-based, so that is where the
          effort on Igel has been concentrated. In the long run, however, it
          would be good to make Igel handle XSD and Relax NG schemas.  
        

      

      	
        
          For a given notation, list the elements or attributes in the
          selected document grammars which use that notation.  
        

      

      	
        
          For any given attribute name, list the elements it's declared for
          and the type it has for each element.  
        

      

      	
        
          For any given value, list all attributes or elements which have that
          value as their default.  
        

      

      	
        
          For a given document grammar, draw a parent/child graph for all
          elements.  
        

      

      	
        
          For a given document grammar, draw a reference graph for all
          parameter entities.  
        

      

      	
        
          Provide alternate deployment options for Igel.  
        

        
          Some projects are already committed to another XQuery processor;
          provide a deployable Igel package for eXist (and optionally other
          XQuery processors).          
        

        
          It's convenient to have a web interface for Igel, but not all projects
          will find it convenient to configure a Web server to handle the user
          interface.  Provide an Oxygen-based interface to Igel.
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    Introduction

Markup specialists and their predecessors have wasted decades creating works that open possibilities in the short run but close them in the long run.  The continuous headaches of versioning and differentiating vocabularies are a symptom of our failure, of the brittleness we have so enthusiastically embraced.


Seven years ago, speaking on an XML panel at a Web conference, I told attendees to go experiment with vocabularies, and try new paths.  The browser universe was too constrained, I said, too bound up with ideas about validation, whether HTML or XML or something else.  No one seemed enthusiastic about that advice, and I had startled myself to have recommended it so seriously. 


There was no escape, though - it was the right advice, and continues to be.


Much of the markup world has actually turned to experimenting, building very different structures around their work.  They mix social organization that distributes decision-making more widely with technical approaches, many of them applying old tools but reflecting enhancements to processing environments.



	Original Sin: Deep in the Standards

Markup made mistakes early.  The culture of agreements first, processing later, appeared in the earliest standards, indeed in the ISO approach to standardization.  As Len Bullard described the attitude more recently: 

Contracts have to care.  If they don’t then the humans won’t. 
xml-dev, 4/9/13 10:36pm


That paranoia, that intrinsic doubt about what humans will do, has percolated deep into markup technologies.



  The Legalistic Applications of SGML

	
	SGML required documents to come with an declaration of their structure.  Brittleness was built into the system.  Documents were not meant to exist by themselves, but rather as part of an SGML application, defined as such:

	
4.279 SGML Application: Rules that apply SGML to a text processing application.  An SGML application includes a formal specification of the markup constructs used in the application, expressed in SGML.  It can also include a non-SGML definition of semantics, application conventions, and/or processing.		
	

	NOTES

	1. The formal specification of an SGML application normally includes document type definitions, data content notations, and entity sets, and possibly a concrete syntax or capacity set.... (SGML Handbook, 126)

	

The SGML Handbook notes that SGML applications needn't actually be "applications" as most computer users expect them:

	
Indeed, there are publishing situations where an SGML application can be useful with no processing specifications at all (not even application-specific ons [sic]), because each user will specify unique processing in a unique system environment.  The historical explanation for this phenomenon is that in publishing (unlike, say, word processing before the laser printer), the variety of potential processing is unlimited and should not be constrained.  
		
 
		SGMLhand, page 130

But while processing should not be constrained, document structure must be.  SGML documents must contain a DOCTYPE declaration, which must in turn reference (or include) a DTD, and those DTDs rapidly became the battleground over which the users of SGML fought.




  Ground Rules: XML


Those battles - or perhaps it is nicer to say negotiations - carried over into the XML world.  Although XML allowed documents to go forth boldly naked without a DTD, the expected approach for its use still involved prior agreement.  Citing Lewis Carroll's Humpty Dumpty, the W3C's Dan Connolly warned of the dangers of diverse semantics:


For any document to communicate successfully from author to readers, all parties concerned must agree that words all choose them to mean. [sic] Semantics can only be interpreted within the context of a community. For example, millions of HTML users worldwide agree that <B> means bold text, or that <H1> is a prominent top-level document heading...

 When communities collide, ontological misunderstandings can develop for several reasons...


The best remedy is to codify private ontologies that serve to identify the active context of any document. This is the ideal role for a well-tempered DTD. Consider two newspapers with specific in-house styles for bylines, captions, company names, and so on. Where they share stories on a wire service, for example, they can identify it as their story, or convert it according to an industry-wide stylebook.


Evolution, page 120.


Phrasing things more positively, Jon Bosak and Tim Bray described the work ahead and why people were eager to do it:



	What XML does is less magical but quite effective nonetheless. It lays down ground rules that clear away a layer of programming details so that people with similar interests can concentrate on the hard part—agreeing on how they want to represent the information they commonly exchange. This is not an easy problem to solve, but it is not a new one, either.


	Such agreements will be made, because the proliferation of incompatible computer systems has imposed delays, costs and confusion on nearly every area of human activity. People want to share ideas and do  business without all having to use the same computers; activity-specific interchange languages go a long way toward making that possible. Indeed, a shower of new acronyms ending in "ML" testifies to the inventiveness unleashed by XML in the sciences, in business, and in the scholarly disciplines.



xml2nd, page 92.


Businesses and developers took up that challenge, and thousands of committees blossomed.  XML "solved" the syntactic layer, and it was time to invest millions in defining structure.




    Pinning Down Butterflies with URIs

The world of agreements wasn't enough for XML's keepers at the W3C. Tim Berners-Lee's Semantic Web visions required globally unique identifiers for vocabularies.  In the period when Berners-Lee considered XML a key foundation for that work, that meant spackling URIs into markup to create globally unique markup identifiers and build them into vocabularies.


As the SGML community had ventured into hypertext, they too had found difficulties in sharing structures across vocabularies and recognizing those structures.  They lacked pretensions of building a single global system, however, and had proposed a very different route: architectural forms.


Architectural forms permit DTD writers to use their own element type names for HyTime structures.   Not only is the architectural form notion fundamental to HyTime, it is a new and useful SGML coding technique that can, if used wisely, ease the standardization of tagging practices by steering a route between the Scylla of excessing rigidity and the Charybdis of excessive freedom that threaten such standards when they must serve large, disparate groups of users. 

...A standard intended for widespread use [among disparate vocabularies] thus cannot conveniently enforce particular tag names.


Hypermedia, page 79.


While there was some work done to bring architectural forms to XML - most visibly David Megginson's XAF - architectural forms lost a bitter battle inside the W3C.  While confidentiality makes it difficult to tell precisely what happened, public sputtering suggests that architectural forms' vision of adaptation to local schemas did not not appeal to the Director of the W3C's intention of building globally-understood vocabularies identified by URIs.  Instead, the XML world was given a mandate to create vocabularies with globally unique identifiers.


Architectural forms were a limited set of transformations, still deeply intertwined with the contractual expectations of DTDs.  The stomping they received at the W3C, however, was a sign of static expectations to come.





The First Hit is Free: Augmented Infosets and the PSVI

As more and more developers took Bosak and Bray's promises seriously, XML reached field after field, migrating far beyond the document-centered territory SGML had considered its home.  While the ideas of agreement and validation were popular in many areas, DTDs did not feel like an appropriate answer to many developers.  Many developers' expectations had been shaped by databases, strongly typed languages, and fields that wanted more intricate specifications of content.


The W3C responded with XML Schema, a pair of specifications defining a language for specifying deterministic document structures and content, supporting associated processing.  Like its DTD predecessor, XML Schema's validation process modified the document, adding default values for attributes (the classic case). Going beyond what DTDs had done, it also annotated the infoset of the reported document with type information accessible to later processing.


While press releases are not usually a great place to learn about the details of specifications, they are an excellent place to learn about what those specifications are meant to do.  In the case of XML Schema, there are even a few to choose from.  At the outset, 1999's press release was excited about the potential for establishing standards for many kinds of transactions:


Many applications can benefit from the development of schemas:


	Databases must, for example, communicate detailed information about the legal values of particular fields in the data being exchanged.


	
Publishing and syndication services must be able to describe the properties of headlines, news stories, thumbnail images, cross-references, etc.


	
For electronic commerce, schemas can be used to define business transactions within markets and between parties, and to provide rules for validating business documents. 




When XML is used to exchange technical information in a multi-vendor environment, schemas will allow software to distinguish data governed by industry-standard and vendor-specific schemas.... 


XMLschemaDraft


In 2001, when the XML Schema Recommendations arrived, the press release described schemas as finally fulfilling the promises XML had previously made:


"XML Schema makes good on the promises of extensibility and power at the heart of XML," said Tim Berners-Lee, W3C Director. "In conjunction with XML Namespaces, XML Schema is the language for building XML applications."


By bringing datatypes to XML, XML Schema increases XML's power and utility to the developers of electronic commerce systems, database authors and anyone interested in using and manipulating large volumes of data on the Web. By providing better integration with XML Namespaces, it makes it easier than it has ever been to define the elements and attributes in a namespace, and to validate documents which use multiple namespaces defined by different schemas.


XMLschemaPR


It wasn't just that XML Schemas would "make good on the promises of extensibility and power", but, as later specifications demonstrated, that they would provide a foundation for further work in processing XML as strongly typed data.  The Post-Schema Validation Infoset, effectively a type-annotated version of documents that passed validation, became the foundation on which XSLT 2.0 and XQuery would build.  XML itself didn't require that you use schemas of any kind, but the core toolset incorporated more and more assumptions based on schema capabilities, without any separation of concerns.  "XML" practice clearly incorporated XML schema practice.


XML Schema had a key place in TimBL's own vision of the Semantic Web, as shown at [SemWebArch].  Perhaps namespaces were more important to him, given their foundation in URIs, but XML Schema also helped drive namespaces deeper into XML with qname content.  Over time, however, Berners-Lee has largely lost interest in XML, and the Semantic Web has regularly looked elsewhere for syntax.


As schema proponents had hoped, the technology took off, becoming a central component in a rapidly growing "Web Services" ecosystem, largely built with tools that made it (relatively) easy to bind XML data to program structures using the type information provided by schemas.  Schemas served not only as documentation and validation tools but as tools for structuring code.  (They also served as configuration for XML editors of various kinds.)


However, as the limitations and intrusions of XML Schema became clearer, alternate approaches appeared.  RELAX NG was in many ways a simpler and better thought-out approach to creating comprehensive schemas, while Schematron's rule-based approach offered a very different kind of testing.  Examplotron built on Schematron's ideas to create a very different model of a schema, re-establishing the value of using sample documents for conversations about document interchange.






  
    Old Magic: Learning About Conversation from Architecture

 The model of prior agreement, of prior structure, isn't unique to markup.  It emerged from bureaucratic models that had grown in both commerce and government during the Industrial Revolution, a period that mixed social tumult with insistence on standardization of products and process.  "Top-down" approaches became the norm in a world where manufacturing and engineering reorganized themselves around design and calculation.


Markup emerged from the industrial mind-set common to even the most idealized computing models.  Its creators had grown up in a world dominated by industrial models of production, and computers themselves matched that command-and-control drive toward efficiency.  Despite the general triumph of the industrial model, it has never really bothered to answer its critics.  It hasn't had to - material plenty and the race to keep up have distracted us - but those critics still have things to teach us, even about markup.


John Ruskin in the 19th century and Christopher Alexander in the 20th offer an alternative to industrial models, an opportunity to humanize practice.  Unsurprisingly for work centered on human capabilities, conversation is a key tool.  Ruskin extends the building conversation to include the lowliest workers, while Alexander pushes further to include current and future users of buildings and structures.


	The Nature of Gothic

New fields like to flatter themselves by styling themselves after older ones.  While computing is often engineering (or plumbing) minus the structured training, it more typically compares itself to architecture. Like architecture, it hopes to achieve some form of grace in both its visible and invisible aspects, creating appealing structures that will remain standing.  While we may have calmed down a bit from the heroic architect model of Howard Roark in The Fountainhead, markup language creators still expect to be able to lay things out as plans and have them faithfully executed by others who will live up to our specifications.


Writing a century before computing's emergence, John Ruskin's The Nature of Gothic (a chapter of The Stones of Venice) offered a very different view of the proper relationship between craftsman and architect. This is long, but even Ruskin's asides have parallels to computing practice, so please pause to study this quote more than its Victorian prose might otherwise tempt you to do:



SAVAGENESS. I am not sure when the word "Gothic" was first generically applied to the architecture of the North but I presume that, whatever the date of its original usage, it was intended to imply reproach, and express the barbaric character of the nations among whom that architecture arose... As far as the epithet was used scornfully, it was used falsely; but there is no reproach in the word, rightly understood; on the contrary, there is a profound truth, which the instinct of mankind almost unconsciously recognizes. It is true, greatly and deeply true, that the architecture of the North is rude and wild; -but it is not true, that, for this reason, We are to condemn it, or despise. Far otherwise: I believe it is in this very character that it deserves our profoundest reverence. 

...go forth again to gaze upon the old cathedral front, where you have smiled so often at the fantastic ignorance of the old sculptors: examine once more those ugly goblins, and formless monsters, and stern statues, anatomiless and rigid; but do not mock at them, for they are signs of the life and liberty of every workman who struck the stone; a freedom of thought, and rank in scale of being, such as no laws, no charters, no charities can secure; but which it must be the first aim of all Europe at this day to regain for her children.


Let me not be thought to speak wildly or extravagantly. It is verily this degradation of the operative into a machine, which, more than any other evil of the times, is leading the mass of the nations everywhere into vain, incoherent, destructive struggling for a freedom of which they cannot explain the nature to themselves....

We have much studied and much perfected, of late, the great civilized invention of the division of labor; only we give it a false name. It is not, truly speaking, the labor that is divided; but the men:—Divided into mere segments of men—broken into small fragments and crumbs of life; so that all the little piece of intelligence that is left in a man is not enough to make a pin, or a nail, but exhausts itself in making the point of a pin, or the head of a nail. Now it is a good and desirable thing, truly, to make many pins in a day; but if we could only see with what crystal sand their points were polished,—sand of human soul, much to be magnified before it can be discerned for what it is,—we should think there might be some loss in it also.

...Enough, I trust, has been said to show the reader that the rudeness or imperfection which at first rendered the term “Gothic” one of reproach is indeed, when rightly understood, one of the most noble characters of Christian architecture, and not only a noble but an essential one. It seems a fantastic paradox, but it is nevertheless a most important truth, that no architecture can be truly noble which is not imperfect. And this is easily demonstrable. For since the architect, whom we will suppose capable of doing all in perfection, cannot execute the whole with his own hands, he must either make slaves of his workmen in the old Greek, and present English fashion, and level his work to a slave’s capacities, which is to degrade it; or else he must take his workmen as he finds them, and let them show their weaknesses together with their strength, which will involve the Gothic imperfection, but render the whole work as noble as the intellect of the age can make it.

	
	The second mental element above named was CHANGEFULNESS, or Variety.


	I have already enforced the allowing independent operation to the inferior workman, simply as a duty to him, and as ennobling the architecture by rendering it more Christian. We have now to consider what reward we obtain for the performance of this duty, namely, the perpetual variety of every feature of the building.


	Wherever the workman is utterly enslaved, the parts of the building must of course be absolutely like each other; for the perfection of his execution can only be reached by exercising him in doing one thing, and giving him nothing else to do. The degree in which the workman is degraded may be thus known at a glance, by observing whether the several parts of the building are similar or not; and if, as in Greek work, all the capitals are alike, and all the mouldings unvaried, then the degradation is complete; if, as in Egyptian or Ninevite work, though the manner of executing certain figures is always the same, the order of design is perpetually varied, the degradation less total; if, as in Gothic work, there is perpetual change both in design and execution, the workman must have been altogether set free....


Experience, I fear, teaches us that accurate and methodical habits in daily life are seldom characteristic of those who either quickly perceive or richly possess, the creative powers of art; there is, however, nothing inconsistent between the two instincts, and nothing to hinder us from retaining our business habits, and yet fully allowing and enjoying the noblest gifts of Invention. We already do so, in every other branch of art except architecture, and we only do not so there because we have been taught that it would be wrong. 


Our architects gravely inform us that, as there are four rules of arithmetic, there are five orders of architecture; we, in our simplicity , think that this sounds consistent, and believe them. They inform us also that there is one proper form for Corinthian capitals, another for Doric, and another for Ionic. We, considering that there is also a proper form for the letters A, B, and C, think that this also sounds consistent, and accept the proposition. Understanding, therefore, that one form of the capitals is proper and no other, and having a conscientious horror of a impropriety we allow the architect to provide us with the said capitals, of the proper form, in such and such a quantity, and in all other points to take care that the legal forms are observed; which having done, we rest in forced confidence that we are well housed.


	But our higher instincts are not deceived. We take no pleasure in the building provided for us, resembling that which we take in a new book or a new picture. We may be proud of its size, complacent in its correctness, and happy in its convenience. We may take the same pleasure in its symmetry and workmanship as in a well-ordered room, or a skillful piece of manufacture. And this we suppose to be all the pleasure that architecture was ever intended to give us. 

Gothic, paragraphs xxvi-xxviii.


What has architecture to do with markup?


In the virtual world, markup creates the spaces in which we interact.  It creates bazaars, agoras, government buildings, and even churches.  Markup builds the government office, the sales floor, the loading dock. Markup offers us decorations and distractions.  Markup is our architecture.


The concerns which apply to architecture also apply to markup.  Markup process, often deliberately, parallels that of the contemporary design approach.  Define a problem.  Develop a shared vision for solving it.  Hire experts who create plans specifying that vision in detail, and send them to the "workmen" to be built.


Ruskin's friend William Morris, in his Preface to The Nature of Gothic, warns of the costs of that style of work.


To some of us when we first read it, now many years ago, it seemed to point out a new road on which the world should travel. And in spite of all the disappointments of forty years, and although some of us, John Ruskin amongst others, have since learned what the equipment for that journey must be, and how many things must be changed before we are equipped, yet we can still see no other way out of the folly and degradation of Civilization.

For the lesson which Ruskin here teaches us is that art is the expression of man's pleasure in labour; that it is possible for man to rejoice in his work, for, strange as it may seem to us to-day, there have been times when he did rejoice in it; and lastly, that unless man's work once again becomes a pleasure to him, the token of which change will be that beauty is once again a natural and necessary accompaniment of productive labour, all but the worthless must toil in pain, and therefore live in pain. So that the result of the thousands of years of man's effort on the earth must be general unhappiness and universal degradation; unhappiness and degradation, the conscious burden of which will grow in proportion to the growth of man's intelligence, knowledge, and power over material nature.  

PrefaceGothic, paragraphs xxvi-xxviii.


Architecture has largely ignored these concerns, and computing, alas, has taken its lessons from that ignorance.  Let us instead take Ruskin's worker free of alienation - valuing savageness and supporting changefulness - as a goal worth achieving.
	



	Patterns for Conversation

	Christopher Alexander has the strange distinction of being an architect more revered and imitated in computing than in his own field.  When, during an XML conference in Philadelphia, I stopped at the American Institute of Architects to buy A Pattern Language and The Timeless Way of Building, the cashier informed me that I must be a programmer, because "only programmers buy those books. Architects don't."


Architects and Programmers

Programmers have indeed bought A Pattern Language, but for mostly the wrong reasons. The classic text, Design Patterns, cites Alexander as its inspiration and brought him to the wide attention of the computing community:


1.1 What Is a Design Pattern?

Christopher Alexander says, "Each pattern describes a problem which occurs over and over in our environment, and then describes the core of the solution to that problem, in such a way that you can use this solution a million times over, without ever doing it the same way twice." [AIS+ 77, page x]  Even though Alexander was talking about patterns in buildings and town, what he says is true about object-oriented design patterns. Our solutions are expressed in terms of objects and interfaces instead of walls and doors, but at the core of both kinds of patterns is a solution to a problem in context.


DesignPatterns, pages 2-3.


Even at this stage, however, they have already over-simplified Alexander's approach to patterns, seeing a top-down approach that isn't there.  "A solution to a problem in context" is the goal of most non-fiction writing, but the writers of Design Patterns have forgotten the critical question of who solves those problems and how.  They seem to have assumed that since Alexander is an architect, these patterns are meant to be applied by architects.


However, Alexander argues that the conversation must be broader.  At the top of that same page x, one finds:


It is shown [in The Timeless Way of Building] that towns and buildings will not be able to become alive, unless they are made by all the people in society, and unless these people share a common pattern language, within which to make these buildings, and unless this pattern language is alive itself.
PatternLanguage, page x.


The conclusion of Design Patterns, unfortunately, repeats and amplifies its error, in a way that perhaps only computer programmers could:


4. Alexander claims his patterns will generate complete buildings.  We do not claim that our patterns will generate complete programs.


When Alexander claims you can design a house simply by applying his patterns one after another, he has goals similar to those of object-oriented design methodologists who give step-by-step rules for design.  Alexander doesn't deny the need for creativity; some of his patterns require understanding the living habits of people who will use the building, and his belief in the "poetry" of design implies a level of expertise beyond the pattern language itself.  But his description of how patterns generate designs implies that a pattern language can make the design process deterministic and repeatable.

DesignPatterns, page 356.


It is hard to imagine a more bizarre misreading of Alexander: a projection of top-down design assumptions applied to a text whose primary purpose is to overturn them.  Gamma, Helm, et al. provide an unfortunately perfect demonstration of how developers borrow badly from architecture.  (He recognizes the misreading in Origins.)


What Alexander actually offers is not a "design process deterministic and repeatable," but tools for conversation.  The "level of expertise" is partially aesthetic, but in many ways social.  He takes seriously "all the people in society" from the prior quote, and the job of the architect is less to design and more to facilitate.  A Pattern Language is not a set of fixed rules that has emerged from practice, but a constantly evolving and shifting foundation that must combine with other local patterns to be of use.



Establishing Continuous Conversation

Unlike most models for including users in design, Alexander's process keeps the conversation going throughout the creation of works, and includes the workers and the users in that conversation.  He has learned (perhaps from Ruskin) that treating workers as automata imposes deep costs, and recognized the quality of construction that people have achieved over centuries, even in financially poor environments, without the aid of architects.  His building process allows for the layering of detail to respond to particular circumstances rather than laying out rules which must be applied in all cases.


How do patterns work?  Alexander tells the story of implementation in The Production of Houses:


"In order to get a reasonable house which works well and which nevertheless expresses the uniqueness of each family, the families all used an instrument we call the pattern language... The particular pattern language contained twenty-one patterns... 


this language has the amazing capacity to unify the generic needs which are felt by every family, and which make a house functional and sensible, with the unique idiosyncrasies that make every family different, and thus to produce a house which is unique and personal, but also one which satisfies the basic needs of a good house.


this pattern language... allowed us to produce a variety of houses, each one essentially a variant of a fundamental house "type" (defined by the twenty-one patterns together), and yet each one personal and unique according to the special character of the family who used it.

Houses, pages 175-6.


It didn't all go smoothly, however, as one additional angle, the creation of new patterns, didn't materialize in the earlier work to shape the overall cluster of houses:


the families became enthusiastic about the project as they began to see the richness inherent in the patterns.  However, our efforts to get them to modify the language, to contribute other patterns of their own, were disappointing.


Under normal circumstances, the architect-builder of a particular area would also modify and refine these patterns, according to local custom.  In this particular project, we were so occupied by the demands of construction that we had little time to undertake work of this sort.

Houses, page 133.


However, in other projects, he had better luck developing pattern languages based on input from the community:


Once we have learned to take a reading of people's true desires and feelings, we can then describe the patterns that are needed to generate a profound campus environment.  The system, or "language" of these patterns can give the community the beautiful world they need and want, the physical organization that will make their world practical, beautiful, life-enhancing, and truly useful.

Battle, page 131.


For the Eishin Campus, Alexander's team and a large group of administrators, teachers, and students developed 110 patterns specific to that project, informed by the broader list in A Pattern Language but moving beyond it.


The conversation doesn't end when construction starts, either.  Patterns apply at all levels of development, from regional planning to finished details.  Construction is an opportunity to make changes along the way, as the reality of earlier decisions becomes clears.  This approach not only involves the users of the building, but transforms the role of the architect.


it is axiomatic, for us that the people who build the houses must be active, mentally and spiritually, while they are building, so that of course they must have the power to make design decisions while they are building, and must have an active relation to the conception of the building, not a passive one.  This makes it doubly clear that the builders must be architects.

Houses, pages 74-5.


Alexander's approach obliterates the traditional separation between designers and builders, refusing to cooperate with a model he believes creates a "breakdown of the physical environment... It is hardly possible to experience a profound relationship with these places.  So the landscape of our era has become, and continues to become, a wasteland." [Battle, page 80.]



Schematics, Standardization, and Alienation


What has created that wasteland?  While Alexander's early writings focus mostly on the positive he hopes to encourage, his later works, works from the field, cannot avoid dealing with a world structured to make his style of work difficult, if not impossible.  As the scale of construction has grown, specialization and centralization have led to ever-more detached and standardized approaches that cannot help but produce bad work.



"The great complexity needed by a human settlement cannot be transmitted via paper; and the separation of functions between architect and builder is therefore out of the question.  The complexity can only be preserved if the architect and contractor are one.  All this makes clear that the architect must be the builder.


And the opposite is true also.  In modern times, the contractor and his crew are deeply and sadly alienated from the buildings they produce. Since the buildings are seen as "products," no more than that, and since they are specified to the last nail by the architect, the process of building itself becomes alienated, desiccated, a machine assembly process, with no love in it, no feeling, no warmth, and no humanity. 

Houses, pages 74-5.


While reliance on drawings is one aspect of the problem, the industrial model of component construction adds an entirely new level of potential trouble.  Standards limit choices, reinforcing the mistakes created by separation of concerns:


Today's systems of housing production almost all rely, in one form or another, on standardized building components.  These components may be very small (electrical boxes, for instance), or intermediate (2x4 studs), or very large (precast concrete rooms); but regardless of their size, buildings are understood to be assembled out of these components.  In this sense then, the actual construction phase of the housing production process has become an assembly phase: an occasion where prefabricated components are assembled, on site, to produce the complete houses.


It has been little understood how vast the effect of this has been on housing: how enormous the degree of control achieved, unintentionally, by these components and the demands of their assembly.  Yet, as anyone who has intimate knowledge of building knows, these components are merciless in their demands.  They control the arrangement of details.  They prohibit variation.  They are inflexible with respect to ornament, or whimsy, or humor, or any little human touch a person might like to make."

Houses, page 220.


Changing this is not easy, as Alexander learns repeatedly.  His books have become more biting over time, reflecting the hostility of established practice to his different approaches.  A world in which inspectors demand to approve signed drawings before allowing construction is not especially compatible with an approach that defines itself in terms of conversation and techniques.  His latest book, The Battle for the Life and Beauty of the Earth, makes that conflict explicit, describing it as a "necessary confrontation" between two incompatible approaches to building: System-A and System-B.



System-A is a system of production in which local adaptation is primary.  Its processes are governed by methods that make each building, and each part of each building, unique and uniquely crafted to its context.


System-B is, on the contrary, dedicated to an overwhelmingly machinelike philosophy. The components and products are without individual identity and most often alienating in their psychological effect.


The pressure to use such a system comes mainly from the desire to make a profit, and from the desire to do it at the highest possible speed.

Battle, page 43.


In Alexander's telling, System-B grows from mass production and the ideologies of classicism and industrialism that Ruskin and Morris blasted generations before.  System-B has spread from the Victorian factories to every aspect of building construction (and computing as well).  System-A, Alexander's preferred system, is older but has largely been discarded in the race to industrialize everything.  His more detailed telling reveals another dimension to the problem of System-B: it is not only profit-seeking, but its adherents have been so surrounded by it that they have a difficult time imagining that anything else could work.


System-B is also the worldview that dominates computing.  There are occasional counterculture moments and corners that resist System-B. However, even in a software world that at least seems like it should be more flexible than its explicitly industrial hardware side, the march toward the mass production of identical and mildly configurable products (and the standards that facilitate them) continues inexorably.










	New Magic, from Clark and Crockford to the Present

While much of the markup world is infused with the System-B concepts that Alexander encourages us to reject, there are corners, influences, and opportunities that can help us cast aside markup's traditional model of design-first-and-then-execute.  None of these pieces by itself is exactly a revolution, and some may even seem contradictory. Some of them are indeed side effects of the schema-based approach. While they may seem familiar, combining them offers a path to a different approach and new conversations.  All of them point to opportunities for a shift in markup culture.


	
		Not Required

		Ever since XML 1.0 permitted documents without a DOCTYPE declaration, it has at least been possible to work with XML in the absence of a schema.  While in most of my travels I have only found people using this freedom for experimental purposes or for very small-scale work, conversation on xml-dev did turn up some people who simply avoid using schemas.  They do, however, seem to use standard formats, but test and document them by other means.  These practices are often criticized, especially when the content leaves those often closed systems [Beck].


Even in the best of these cases, though, throwing off schemas is not enough if the expectations of fixed vocabularies remain behind, as Walter Perry warned over a decade ago in [Vocabularies]

	


Leaving Gaps

Even the most obsessively controlling schema vocabularies allow developers to leave some space for growth. ANY in DTDs and xs:any in XML Schema are the classics, and variations allow a mixture of precision and openness.


Support for these gaps, however, varies wildly in practice.  Both tools and culture push back against the open models.  Tools that came from the strictly defined expectations of object definitions have a difficult time dealing with "underspecified" markup.  The culture of interoperability testing often encourages maximum agreement.  Do open spaces make it easier to create new options, or do they just create new headaches when it's time to move from one version of the a defined vocabulary to another?  Gaps create tension with many supposed best practices.



	
		Generic Parsers, not Parser Generators

		Although it is certainly possible to write parser generators that lock tightly onto a particular vocabulary and parse nothing else, it happens less often than might seem likely.  There are tools for creating parser generators, like [xmlbooster], and there are certainly cases where it is more efficient or more secure than processing the results of a generic parser.  However, judging from job listings and general conversation, parser generation has had a much smaller role in XML than it has had, for example, in ASN.1.  (I've had a difficult time in ASN.1 conversations even convincing developers that generic parsers were possible and useful.)

		Data binding tools, of course, can produce tight bonds even when run on top of a generic parser, but XML's explicit support for generic parsing has at least created the opportunity for looser coupling.

	
	
	
	
		Peace Through Massive Overbuilding

		Some vocabularies have taken an "everything but the kitchen sink" approach. Two of the most popular document vocabularies, DocBook and the Text Encoding Initiative (TEI), both include gigantic sets of components.  While both provide support through tools for those components, many organizations use subsets like the DocBook subset used for this paper. While subsets vary, having a common foundation generally makes transformations easy and fallback to generic tools an option. The TEI pizza chef [Pizza], which served up custom DTDs, typically a TEI subset, stands out as a past highlight of this approach.

		
Building a vocabulary so large that most people work with it only through subsets may seem excessive, but it opens the way to conversation among users of different subsets.  In many ways, this is similar to (though operating in the reverse direction of) Rick Jelliffe's suggestion that:

	
"In particular, rather than everyone having to adopt the same schema for the same content type, all that is necessary is for people to revise (or create) each schema so that they are dialects (in the sense above) of the same language. That "language" is close to being the superset information model." 
Dialect.


So long as the superset model is broad enough, peace can be maintained.

	
	
	

	Peace Through Sprinkling

    Rather than building supersets, some groups have focused on building the smallest thing that could possibly work for their use cases.  Dublin Core [Dublin] is probably the most famous of these, though a variety of annotations from [WAI-ARIA] to [DataAttributes].  These approaches offer a range of techniques for adding a portion of information used by a certain kind of processor to other vocabularies.  They allow multiple processors to see different pieces of a document, though frequently there is still a unified vision of the document managed by those who sprinkle in these components.





	Peace Through Conflict

While I cited Evolution above, I halted the quote at a convenient point. There is more to that argument - still schema (DTD) focused, but acknowledging conversation beyond the original creation point:

		 As competing DTDs are shared among the community, semantics are clarified by acclamation [15]. Furthermore, as DTDs themselves are woven into the Web, they can be discovered dynamically, further accelerating the evolution of community ontologies.

		Evolution, page 121.

While there has been more visible competition among schema languages than among vocabularies specified with schemas, there are constant overlaps among vocabulary projects as well as some direct collisions.  "Acclamation" may be too strong a word, as steady erosion seems a more typical process, but there is certainly motion.


	

	Accepting Failure


Resisting System-B is easiest, perhaps perversely, in a corner of the software universe that has long hoped to make System-B's "design by specification" possible: functional and declarative programming.  These styles of software development remove features that add instability to imperative approaches, often in the pursuit of mathematical provability, reliability and massive scale.  These design constraints, though intended to maximize industrial-scale processing of information, also make possible a wide range of more flexible approaches to handling information.


The paradigmatic application of these tools in the markup world lies in the technologies we call stylesheets, or style sheets, depending on who is editing at any given moment. While Cascading Style Sheets (CSS) and Extensible Stylesheet Language (XSL) were frequently seen as competitors when XML first arrived, both offer similar capabilities in this regard.  They both are (or at least can be) excellent at tolerating failure, with little harm done.


The key to that tolerance is pattern matching - selectors for CSS, XPath for XSLT.  If patterns don't match, they don't match, and the process goes on.  XSLT offers many more features for modifying results, and is more malleable, but neither of them worry much if a document matches their expectations.  At worst they produce empty results.  XSLT is capable of operating more generically, and of working with content it didn't match explicitly.  The XSLT toolset can support reporting and transformation that goes beyond the wildest dreams of schema enthusiasts - and can do much more useful work than validation and annotation along the way.


Pattern matching is also central to a number of explicitly functional languages. While they were built for things like mathematical provability, "nine nines" reliability, and structured management of state, those constraints actually give them the power needed to go beyond XSLT's ability to process individual documents. Erlang's "let it crash" philosophy, for example, makes it (relatively) easy to build robust programs that can handle flamingly unexpected situations without grinding to a halt.  Failures can be picked up and given different processing, discarded or put in a queue for different handling.


A calm response to the unexpected opens many new possibilities.

	


		Valuing Errors

		Years ago, Walter Perry said in a talk that often the most interesting communications were the ones that broke the rules.  They might be mistakes, but they might also be signs of changing conditions, efforts to game the system, or an indication that the system itself was flawed.

		Errors and flaws have become more popular since.  While much of the effort poured into test-driven development is about making sure they don't happen, a key side effect of that work is new approaches to providing meaningful error messages when they do happen.  "Test failed" is useful but incomplete.

		In distributed systems, errors aren't necessarily just bugs, an instant path to the discard bin.  While the binary pass/fail of many testing approaches encourage developers to stomp out communications that aren't quite right, turning instead to the meaningful error messages (and error handling) side of that conversation can be much more fruitful.




Mechanical Turks

After decades of trying to isolate computing processes from human intervention, some developers are now including humans in the processing chain. After all, it's not difficult to treat such conversations as just another asynchronous call, especially in an age of mobile devices. Not everything has to be processed instantly.

Amazon developed the [MechTurk] service, named after an 18th chess-playing "machine" that turned out to have a person inside of it.  It looked like brilliant technology, and was, if humans count.  Amazon adds digital management to the approach, distributing "Human Intelligence Tasks" across many  anonymous workers. Facebook uses similar if more centralized approaches to censor photos. [Censor] The Mechanical Turk model has led to some dire work situations [Cushing] in which humans are treated as cheap cogs in a computing machine, as a System B industrial approach seeks cheap labor to maximize profit.

Horrible as some of these approaches are, they make it very clear that even large-scale digital systems can pause to include humans in the decision-making process.  It isn't actually that difficult. Connecting these services to markup processing, however, requires interfaces for letting people specify what should be done with unexpected markup.  "Keep it, it's okay" with a note, or an option to escalate to something stronger (perhaps even human-to-human conversation) may be an acceptable start.

	
	
	
	
	
JSON Shakes it Up

While XML seemed to be conquering the communications universe, even finally reaching the Web as the final X in AJAX, many developers dreamed of an escape from its strange world of schemas, transformations, and seemingly endless debates about data representation.  Douglas Crockford found an answer uniquely well-suited to the Web, extracted in fact from the JavaScript programming language itself.  [JSON] (JavaScript Object Notation) rapidly became popular with JavaScript developers. JSON had an innate advantage in that it could bypass same-origin requirements, but its use has spread far beyond those situations.


JSON uses a different syntax, but much more importantly, the nature of the conversation also shifted.  Perhaps because it comes from a free-wheeling JavaScript background, expectations of structure have always been loose.  Coordination can happen, but reuse and modification is a more common pattern than formal structuring. Many JSON formats are created by single information hubs, rather than across groups of providers, and conversion to internal formats is just a normal fact of life for JSON data consumption.  


JSON, while somewhat less readable to humans than markup, was both easy to work with in a JavaScript context and compatible with (actually a subset of) the [YAML] data serialization supported by a few other languages.  JSON was just a data format, a means for developers to pass information from one program to another.  Although JSON schemas and JSON transformation tools exist, they are relatively minor corners of JSON culture.


Despite those glaring absences, JSON use continues to expand rapidly.  It replaced XML as a default format in Ruby on Rails, and dominates current Ajax usage.  Perhaps more striking, it is becoming more common in public use, exactly the territory where prior agreement was deemed most important [XMLbye]. It hasn't replaced XML in that space yet, but is claiming a larger and larger share.  Documentation and samples, it seems, is enough.


So why stick with markup and not just leap to JSON's more open approach?  Mostly because of the tools described in the previous section.  Markup understands transformation and decoration better than JSON.  Despite its largely schema-free world, JSON is still primarily about tight binding to program structures. The schemas are invisible, often unspecified but they still exist when a document is loaded.


However, JSON programmers do plenty of transformation internally.  They base their expectations of schemas more on sources than on documents, and some have gone so far as to establish simple source-testing regimens that warn them of change.  Source-based versioning is also common in the world of JSON APIs.  Rather than the URI of a namespace changing or the details of a schema, new versions of APIs are often simply hosted at new URLs, with the changed content coming from a new location to give developers time to adapt.

		
JSON's curly braces may earn sneers from XML developers who prefer their angle brackets, but JSON is doing more with less.

	

	
		Polyfills

XML was supposed to reach the browser.  Mostly, it didn't, but the current state of the browser has much to teach XML.  Some of that is ugly, of course. Even without a hard focus on schemas, the power of the browser vendors and the continuing insistence on standardization have limited possibilities.  Here we see that it is not only the formalization of schemas but the cultural values surrounding them that create brittleness and stifle experiments.

However, that very brokenness, failed versioning, and the lingering hangovers of old software led to the development of a new software pattern, the polyfill [Sharp].  Polyfills are JavaScript code (sometimes combined with HTML and CSS) that quietly extend a browser to support JavaScript libraries that are missing or markup that it doesn't understand.  Building cross-browser polyfills is tricky, but [DevPolyfills] not that much more difficult than creating cross-browser frameworks.  Even the limited world of HTML5-specific polyfills is vast [Polyfills].


While the HTML+CSS+JavaScript architecture is extremely flexible, there are some barriers, largely created by browser makers' efforts to optimize bandwidth and processing.  Efforts to create a picture element - combining concerns of responsive design and human interaction - have faced challenges around timing, pre-loading in particular.  Media processing is (as usual) one of the hardest challenges in working with the browser environment.  Establishing communications and respect between vendors and those using their products in perhaps even more difficult.


The W3C and browser vendors are working to address those challenges as well as create new frameworks that make polyfills easier to build and more efficient.  The Shadow DOM [ShadowDOM] and Web Components [WebComponents] work both aim directly at making polyfills a more standard part of web development environments.  Google's recent work on [Polymer] is an example of a browser vendor pushing hard in this space.


Separately, the Extensible Web Manifesto [manifesto] encourages this work as a way to shift much work done in JavaScript to work done in markup:


We want web developers to write more declarative code, not less. This calls for eliminating the standards bottleneck to introducing new declarative forms, and giving library and framework authors the tools to create them.



While XML processing models are typically different, offering no tools to extend processors at the document creator's discretion, this approach could prove useful in situations where processors have chosen to place more trust in users.  It also clearly offers an option to developers tired of waiting for the W3C, the WHATWG, and the browser vendors to add markup functionality to HTML5.
 
	
	
	
	
	Relational Decline

	Structured data has had a difficult few decades in general. While XML's schemas defined structure, relational database purists (most notably Fabian Pascal) heaped scorn on XML's daring to step outside the sharply defined boundaries of RDBMS tables and joins.  Much of the pressure for XML Schema's insistence on deterministic structures and strongly typed data came from communities who considered the constraints in 1990s RDBMS practice to be a good thing - but XML's very success was a key factor in making clear that the relational model was not the only possible story for data.

	The challenges of scaling within the constraints of Atomicity, Consistency, Isolation, and Durability (ACID), led to several rapid generations of change in the database community.  While there are probably more relational databases deployed today than there were when XML appeared, the NoSQL movement has ended the era when developers only chose among relational databases unless their project was extremely unusual.

	This shift has little direct effect on markup processing, but it does reduce the cultural pressures to only create data structures conforming to a well-known schema.

		
		
		
	
		RESTfulness

		REST is a communications style based on HTTP's limited number of methods, treating those constraints as a virtue teaching us to build with few verbs and many nouns.  There is nothing in REST-based work specific to schemas - schemas (or the lack thereof) are a detail of the work that happens inside the local processors.


However, in contrast to their more RPC-based predecessors, which emerged from the CORBA and object-oriented worlds, this lack of specification is still a significant opening.  A minimal set of verbs makes it much easier to process a much larger set of nouns, with fewer expectations set up front.

	
	
	
	
	
		Strictly Local Uses of Schemas

Some developers and organizations see schemas as a limited-use tool, applied primarily in a local context to reflect local quality assurance and document creation needs.

		

		Since the late 1990s, I've suggested that my consulting customers think of a schema not as an integral part of XML document/data exchange, but as a special auxiliary file that can fill up to two supporting roles:


1. A special stylesheet that renders a boolean value (valid/not valid) for QA.


2. A template for rare and high-specialized structured-authoring applications.


If you don't need at least one of those, then you probably don't need a schema.


			David Megginson [LocalSchema]

		
So long as authoring applications expect schemas as input, schemas will be necessary.  There are other ways to do quality assurance, of course, but schemas are common.  Will developers resist the temptation to apply schemas more broadly than these cases, when tools and practice point them that direction?

	
	
	
	
	
	
		Transition Components - DSDL and MCE

		
Much of the best thinking in markup schemas has worked under the banner of DSDL.  RELAX NG, Schematron, and some more obscure pieces demonstrate more flexible alternatives to the W3C's XML Schema.  Namespace Validation Dispatching Language (NVDL) finally offers tools for mixing validation approaches based on the namespace qualifiers applied to content.  Document Schema Renaming Language (DSRL) offers a simple transformation approach for comparing documents to local schemas.  These parts are still tightly bound to schema validation approaches, but they at least add flexibility and add more options.


Markup Compatibility and Extensibility (MCE), coming out of the Open Office XML work, finally asks hard questions about different degrees of "understanding" a document:


Attributes in the Markup Compatibility namespace shall be either Ignorable, ProcessContent, ExtensionElements, or MustUnderstand.  Elements of the Markup Compatibility namespace shall be either AlternateContent, Choice, or Fallback.



As Rick Jelliffe describes it:


This is a kind of having your cake and eating it too, you might think; the smart thing that gives it a hope of working is that MCE also provides some attributes PreserveElements and PreserveAttributes which let you (the standards writer or the extended document developer) list the elements that do not need to be stripped when modifying some markup.


I think standards developers who are facing the cat-herding issue of multiple implementations and the need for all sorts of extensions should seriously consider the MCE approach.


Plurality


	
	
	
	
	
		Examplotron: A Bridge?

	Examplotron Examplotron is in fact a schema language, but it is also a possible bridge between expectations from the Age of Schemas and other possibilities.  It uniquely combines communications through sample documents with the possibility of validation processing, and seems like a base for describing further transformations.  To the extent that a schema technology could work successfully within System A, Examplotron is clearly the strongest candidate.  (Schematron isn't too far behind, but lacks the document-sharing orientation.)

	







	Toward a New Practice

	While these many pieces have been opening doors for a long time, they tend to be used in isolation, or in contexts where schema and agreement still rule, if quietly.  While no one (to my knowledge) has yet combined them to create a model of networked markup communications operating in Alexander's System-A, there are now more than enough pieces to sketch out a path there.


The first step, however, is more difficult than any of the technical components.  System-A requires a shift in priorities, from industrial efficiency to local adaptation.  Despite the propaganda for "embracing change" over the last few decades, actually valuing changefulness at the conversation level is more difficult.  Schemas constrain it, as does the software we typically build around schemas.  The stories around markup have valued the static far more than the changeful.


Change this.  Value changefulness, and yes, even savageness, and let the static go.


Many organizations will consider all of these suggestions inappropriate, unless perhaps they can be shown to provide massive cost savings within a framework they think they can manage with their current approach.  As the cost savings are likely to be modest, and this style of processing a difficult fit with their organizational style, that is unlikely.  I make no claims that this approach can make inroads with organizations that have regimentation, hierarchy, and control near the top of their management value system. Obsessed with security?  This is probably not for you.
Adding System-A to a System-B context is especially difficult.



So what does valuing changefulness look like in practice?  It changes your toolset from schemas to transformations.  It means recognizing that schemas are in fact a weak transformation, converting documents to a binary valid/not result with an optional annotation system.  It demands shifting to a model in which you expect to perform explicit transformations on every document you handle.  It demands taking Alexander's model of local adaptation seriously.


If it's any comfort, XML developers are not the only ones facing this change. Dave Thomas suggests:

	
"It's clear (to me, at least) that the idea of programming is not longer the art of maintaining state. Instead, we're moving towards coding as a means of transforming state. Object Orientation has served us well with state-based programming. But now we need to move on." [thomas]



So what does transformation look like?  It operates on several levels, but perhaps it is easiest to start with negotiation - the piece of the puzzle that schemas were supposed to let us consider at least temporarily solved.


Negotiation Style


Negotiation in the schema sense is typically a gathering of opinions, working together to hammer out a schema for future communications.  To avoid the cost of holding that conversation frequently, it makes sense to gather as many possible voices as possible, though that "as many" is often slashed by requiring that the voices be 'expert'.  After all, too many people in a conversation also adds delay, often for little benefit.  The result is a formal structure that can be used to share data, a form of contract among the participants and anyone else who wishes to join that conversation.


Most forms of negotiation, however, are much less formal than a diplomatic council or standards organization.  People bargain constantly, and not just over prices.  The forms of communications within business change constantly, often fitting the chaotic model of shared spreadsheets much more readily than the formal structure of relational databases.  While spreadsheets carry all the headaches of individual files that are easily misplaced, there is nothing inherently superior about a tightly-structured centralized database.  The advantages of databases emerge almost exclusively when large quantities of data need to be shared according to a formal process.  Telling a story with a database typically requires sifting and selecting its information to be presented in a different form.


The negotiation style of spreadsheets typically works according to a simple process: "send me what works for you, and I'll see if I can make it work."  There may be massive gaps of spreadsheet prowess, business understanding, tools choice, or sheer power between the participants, but having a concrete basis for the conversation generally eases those, or leads to a request for simplification and a broader conversation.


Exchanging XML documents has a similar concrete effect.  Marked up documents are not that difficult to explore so long as you have a rough familiarity with the language used for the markup or willingness to consult a dictionary.  Just as there might be questions about how a spreadsheet is structured, there can be conversation about markup structure choices.  Just as the contents of a spreadsheet can be questioned, there is room to discuss whether the model the spreadsheet uses for a particular problem is the appropriate one.  Just as with spreadsheets, there is rarely need to ask for a deeply formalized representation of the underlying model.


XML has one major advantage over a spreadsheet, however - it is far, far easier to extract information from XML documents than from spreadsheets.  Writing code that extracts content from person A's spreadsheet and reliably places it in person B's different spreadsheet is possible, but difficult. Changes make it even harder.  Spreadsheets weren't built with that in mind.  Markup was.





Extending it ourselves

In one context, this is easy.  Because the HTML world allows developers to send code along with their markup, the situation in browsers is actually simpler than the world where markup is the sole content of messages.  Markup in the browser is surrounded by opportunities to explain what it is and even to do something with it.  (Markup plus logic is at least as capable as spreadsheet cells and logic, after all!)

	
The picture polyfill debacle seems to tell the story of callous browser vendors who have their own bad ideas blowing off the people who use their projects most intensively.  In the long run, however, it is more of a pointer to the way things can be.  CSS and JavaScript have developed to the point where they can tell the story of markup, with HTML necessary - strictly speaking - for a very few tasks like form fields.  ARIA can provide metadata supporting accessibility, and if things are really tough, XSLT (and JavaScript implementations of it) are now available to transform documents in whatever markup vocabulary to an HTML equivalent, perhaps enhanced with SVG or Canvas.


Browser vendors get lots of press, good and bad, for implementing new features and new APIs.  The quiet reality, though, is that there is no longer any good reason for them to control our markup vocabularies.  We can do that, and we can do it today.



Changes Inside


Supporting a more flexible negotiation style in cases where documents travel without supporting logic requires a major break with prior models of development.


Most software for processing documents created by markup - not all, but by far the majority - follow a consistent process.  A parser reads a document, checking its structure against syntactic and possibly structural expectations.  During or after that reading, if the document passes, the data is bound to internal structures, possibly using additional information added to the document by the testing process.


Perhaps most important, however, isn't the nature of the parser (generic or not), the schema type used, or the nature of the data binding.  The most important aspect of this is that each receiving process only supports a single or a few vocabularies.  (The primary exception is for completely generic processing, which doesn't care and generally doesn't know what kind of markup it's dealing with. This is common in editors and some kinds of filters.)  Extending that support, changing the vocabulary expectations, requires programmer intervention.


Avoiding programmer intervention has been the foundation of data processing for decades.  Much of the joy around schemas celebrated that schemas themselves could be used to create code for handling markup vocabularies.  Yes, of course you still needed to add business logic to that code, but generated code would reduce the time needed to write, and adoption of common schemas would even allow the sharing of at least a portion of the business logic code over time.


The design choices in schema and schema culture come from the dream of a machine that would run by itself, with only periodic human intervention when updates were necessary, plus the usual maintenance now considered the cost center of IT.


So what might a different model look like?


The machine doesn't run by itself.  Human intervention is routinely acceptable, and facilitated by a toolset that assumes that humans are available to do the mapping previously performed by schemas, data-binding, and similar approaches.  All participants in a conversation have their own processing structures, but those structures are explicitly adapted to internal needs, not external conversation. (Yes, it is possible that one of those internal needs will be to facilitate external conversation, but that need should not set the terms in most cases.)


Human intervention isn't required for every message, however.  Over time, such a processing system will develop a library of known transformations to and from external vocabularies and in particular to and from known senders.  Intervention arises when new or ambiguous information arrives.  A new party has joined the conversation, or a previously known sender has added or deleted sections of a document.  In short, intervention is necessary when prior mapping failed.


Intriguingly, this approach can fulfill one of the failed promises of XML Schema:

	
 When XML is used to exchange technical information in a multi-vendor environment, schemas will ... help applications know when it is safe to ignore information they do not understand, and when they must not do so. This means schemas may help make software more robust and systems more able to change and adapt to evolving situations. 
XMLschemaDraft


Schemas can flag information as outside of the schema and still pass it on, but it has no way to determine the 'safety' of such information or to encourage change, unless someone is monitoring the schema processing closely.  By contrast, such cases are not anomalies in the mapping system - they are just day to day business.


But wait, isn't there still a schema?  Isn't the transformation from external representation to internal structure a hidden schema? HTML5 style?  Perhaps, especially if there some kind of document describing that transformation that can be shared.  However, unlike the schemas that currently dominate the markup world, these transformations don't describe a single document structure.  They describe a set of possible mappings between a document structure and a specific internal structure.  That substantially reduces the prospects for (abuse) reuse.

	
Also, while it is possible that a transformation would return a binary succeeded/failed response like the valid/not-valid result of most schema processing, there is a much broader range of possibilities.  Partial mappings may be completely acceptable.  Failures may simply be prompts to create new mappings.


The cost of programmers, though.  What about the cost of programmers? Their time isn't cheap, and we have other things for them to do!  Even Bray and Bosak cautiously warned us that programmers were necessary, and schemas would only reduce the amount of time they needed!


These transformations aren't usually that difficult.  Simple transformations are easily designed through basic interfaces.  Complex transformations may require template logic on the order of XSLT.  Especially difficult transformations, particularly of compact markup styles might require an understanding of regular expressions.


Except perhaps for especially twisted regular expressions, however, none of these skills requires what we pretend today is a "rock star" programmer.  There are many contexts, but the home context is relatively simple, and transformations themselves are more intricate than deep.  While establishing this model might require regular contributions from experts, and having experts available is useful, over time the need for expertise should decline.  Transformation should not be as difficult as, say, natural language translation.





	Rehumanizing Electronic Communications

	
Changing tracks is difficult, especially when an entire technology culture has been built on values of industrial and bureaucratic efficiency aimed at minimizing human involvement in small but constant processing decisions.  Pioneers created vocabularies for the purpose of controlling a market and leaping ahead of competition, hoping that the resulting brittle processing model would make it too difficult to refactor their advantage away.


However, rather than striving for maximum automation, developers have the opportunity to aim for systems that are both more flexible and more human than current models allow.  Developers can build on a model of automating what humans hate to do, rather than automating everything.  The three great virtues of the Desperate Perl Hacker displaced by XML's arrival - laziness, impatience, and hubris - can take their rightful and continual place in a community of processing rather than disappearing in a cloud of efficiency.  Automate what is convenient for humans communicating, not entire processes.


That changes the role of markup experts as well.  Instead of consulting on vocabularies and leaving others to implement them, we have to take a more active role on a smaller number of projects:


Let us imagine building five hundred houses.  In today's normal method of building large-scale housing projects, one architect and one contractor often control a rather large volume of houses or apartments...


	The architect-builder... has greater powers but more limited domain. Any one architect builder may control no more than twenty houses at a time, but he will take full responsibility for their design and construction, and he will work far more intensely with the individual families, and with the individual details of their houses. Thus, in this model of construction, both design and construction are decentralized....


	Of course, this means that the architect-builders play a different role in society.  There are more of them - taking the place of the alienated construction workers and architectural draftsmen who now provide the manpower to make the centralized system work...



We envisage a new kind of professional who is able to see the buildings which he builds as works of love, works of craft, individual; and who creates a process in which the families are allowed, and even encouraged, to play their natural role in helping to lay out their houses and helping to create their own community."
Houses, pages 76-8.


Some of us work this way already, of course.


Working this way also allows to us focus on one of Alexander's most general patterns in his question for local adaptation: site repair.


Buildings must always be built on those parts of the land which are in the worst condition, not the best....


If we always build on that part of the land which is most healthy, we can be virtually certain that a great deal of the land will always be less than healthy.  If we want the land to be healthy all over - all of it - then we must do the opposite.  We must treat every new act of building as an opportunity to mend some rent in the existing cloth; each ac of building gives us the chance to make one of the ugliest and least healthy parts of the environment more healthy - as for those parts which are already healthy and beautiful - they of course need no attention.  And in fact, we much discipline ourselves most strictly to leave them alone, so that our energy actually goes to the places which need it.  This is the principle of site repair.

PatternLanguage, pages 509-10.


This means continuous mending, continuous repair, by people close enough to the ground to see what needs work.  Continuous refactoring has entered the programming lexicon, and needs to become a dominant part of the markup lexicon.


In a world saturated with the message of industrial efficiency and in a computing culture deeply soaked in expectations of standardizing away as many interactions as possible, this Alexanderine model will be at least as difficult to achieve as it is in architecture.  Possible on the margins, yes, perhaps in experiments, but not to be taken seriously.  That is a normal starting point for this conversation, and this paper just an opening.


Markup workers of the world, unite! You have nothing to lose but your chains.
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    Introduction

    Not only since the advent of services such as Google Maps, demand for the annotation of
      (geo-) spatial information has risen. Therefore, first proposals for spatial markup languages
      have been developed, such as SpatialML (Mani2008, Mani2010). The International Organization for Standardization (ISO) has started a new project in
      2012 to create an international standard for the annotation of spatial and spatial-temporal
      annotation as part of the Semantic Annotation Framework, ISO/NP 24617-7, ISO-Space (ISO-Space2012). As a member of a greater family of specifications, ISO-Space
      borrows some concepts from SpatialML and should play well with other members, such as
      ISO-TimeML (ISO-TimeML2012). Some of these markup languages annotate spatial
      information represented in textual primary data (such as place names or paths which are
      traversed by an entity), however, Lee2013 demonstrates that at least
      ISO-Space can be used to describe spatial information in figures.

    Standoff annotation is a valuable and common mechanism to annotate multiple hierarchies
      and read-only media. One of these approaches, the XStandoff meta markup language, was already
      discussed in detail in Stuehrenberg2009 and Jettka2011.
      Although XStandoff was developed for a variety of primary data formats (including textual and
      multimedia-based), its sequencing system was primarily designed for character- or time-based
      segments.

    Since standoff annotation separates the markup from the data that is annotated, we will
      firstly define some concepts that will be used throughout the following text. The data to be
      annotated is called primary data (P). It should be
      noted, however, that P but may consist of more than one member and may
      even be empty under certain circumstances (see the following sections). The finite set of
      regions (spans) over P is called markables
        (M). Each markable m as a member of
        M is constructed by a set of coordinates in space or time and can be
      identified. The set of coordinates is derived by a concept of
        segmentation. The markables may be annotated afterwards by using a
      finite set of annotations
      A.

    A key problem when using standoff annotation is the identification of the markables,
      entities that are defined by a region of the corresponding primary data and that will be used
      as anchors for the annotation. In case of textual primary data, we have to deal with a stream
      of characters (or byte sequences) that can be delimited by using corresponding tokenization
      methods (for example, splitting text into sentences by detecting sentence boundaries and
      sentences into words). In case of multimedia-based primary data one typically uses points in
      time to establish regions that are used as markables. Markables in spatial primary data (in
      contrast to spatial information provided in textual data) can be seen as two- or
      three-dimensional objects, defined by a set of coordinates in space. While the demonstration
      of describing spatial information given by Lee2013 uses different iterations
      of a figure to identify specific regions (first by using names, later on by using
      coordinates), which are afterwards used as markables, it remains unclear how the different
      iterations of the example figures are constructed (and processed). We therefore have chosen to
      adapt XStandoff's concept of segmentation to support the identification of spatial markables
      in non-textual primary data (that is, both still and moving pictures).

  
  
    Using XStandoff for spatial and temporal annotation

    Since XStandoff already has features for temporal segmentation (e. g. for annotating
      multimedia-based primary data files such as video or audio files), we will concentrate on the
      aspect of adding spatial segmentation features. Defining a spatial markable is done by
      extending XStandoff's segment element. Usually, the element's content is either
      empty or consists of metadata, therefore we concentrate on the attributes. Apart form the
      basic attributes start and end for defining the segment's range,
      there are attributes for defining its type and its mode (value either
        continuous or disjoint), both have been discussed
      in Stuehrenberg2009.

    To extend the segment element to cover spatial markables we have added
      further attributes. Firstly we opened up the value space of the type attribute by
      including the value spatial. Then we created a new globally defined
      attribute group spatial.attributes as a container for the newly developed
      attributes. For the naming of these attributes we tried to stay as close as possible to
      already established specifications. A natural example for creating regions on non-textual data
      is HTML's image map.[1] An image map is created by referring to an external image using a map
      element consisting of a number of area child elements. Each area
      element has shape and coords attributes, amongst others. Therefore,
      we decided to add these two attributes as well. In addition we introduced a
        context attribute (with possible values 2d and
        3d) borrowed from HTML5's canvas element (although HTML5
      up to now only supports 2d contexts, 3d support is planned for future versions).

    The coords attribute is used to depict coordinates on non-textual media file
      (the relation between the segment element as bearer of the coords
      attribute and the primary data file is established by the optional primaryData
      attribute if more than one primary data file is used, see Figure 9, “XStandoff 2.0 instance containing both textual and visual primary data and annotation” as
      an example).

    For demonstration purposes, we use Balisage's logo as a still picture example. The graphic
      is provided as png image file with dimensions of 2625 * 966 pixels at a resolution of 300
      pixels per inch (both horizontal and vertical).

    [image: Balisage's logo as an example]
        
      
Figure 1.Balisage's logo as an example
    If we want to select the 2013 part of the image we use an image processing
      programme to get the coordinates of the rectangular area starting at position
        x1=2400,y1=125,
        x2=2600,y2=125,
        x3=2400,y3=945, and
        x4=2600,y4=945.

    XStandoff's 2.0 schema file defines the value range of the coords attribute
      in terms of a regular expression pattern matching either pairs or triples of coordinates
      separated by blanks, while the comma is used as in-pair separator. At least one pair (or
      triplet) has to be present for depicting a point in space. Since we use the blank character as
      separator between digit pairs it is feasible to use XPath's tokenize() function
      to split the total string into the corresponding pairs of digits and use this to further
      restrict the value space by using XSD 1.1 assertions (see Figure 2, “Declaration of the coords attribute”). When
      dealing with 3d spatial coordinates, we use triplets instead of pairs.[2] Again, following HTML's image map approach, the starting point of the coordinate
      system is not the lower left but the upper left corner of the
      grid.

    <xs:simpleType name="coord">
    <xs:restriction base="xs:string">
      <xs:pattern value="(\d+,\d+( \d+,\d+)*)|(\d+,\d+,\d+( \d+,\d+,\d+)*)+|C\d+,\d+ (\d+,\d+ \d+,\d+ \d+,\d+)+"/>
    </xs:restriction>
</xs:simpleType>
<!-- [...] -->
<xs:assert test="if (@type='spatial' and @context='2d' and @shape='poly') 
  then count(tokenize(@coords,' ')) > 2 
  else  
    if (@type='spatial' and @shape='circle' and count(tokenize(@coords,' ')) = 1) 
    then (for $coord in tokenize(@coords,' ') return count(tokenize($coord,',')) = 3) 
    else 
      if (@type='spatial' and @shape='bezier')
      then starts-with(@coords,'C')
      else (@type!='spatial' or @context!='2d')">
</xs:assert>

    
Figure 2.Declaration of the coords attribute
    Instead of strictly following HTML's shape attribute which provides values
      for defining either a rectangle, a polygon or a circle, we only use
        polygon, circle, and bezier
      as valid values (since rectangles are a special form of polygons). The final form of the shape
      can be extracted by its coordinates (if three coordinates are given, we have to deal with a
      triangular shape, if four coordinates are supplied, the shape can either be a rectangle or
      polygon). Similar to HTML's image map approach a virtual line is constructed to connect the
      last coordinate given with the first one (coordinates are supplied in clockwise direction).
      The full XStandoff instance describing the spatial segment of Balisage's logo can be found in
        Figure 3, “Spatial annotation of the Balisage logo”.

    <xsf:corpusData xml:id="bal2013" xsfVersion="2.0"  
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1"
  xsi:schemaLocation="http://www.xstandoff.net/2009/xstandoff/1.1 
  ../xsd/xsf2_1.1.xsd">
  <xsf:primaryData xml:id="balisage_logo2013" role="master">
    <xsf:primaryDataRef uri="Balisage-logotype-2013.png" mimeType="image/png" 
    width="2625" height="966" horizontalResolution="300" verticalResolution="300"/>
  </xsf:primaryData>
  <xsf:segmentation>
    <xsf:segment xml:id="s1" type="spatial" name="2013" shape="poly" 
    coords="2400,125 2600,125 2400,945 2600,945" />   
  </xsf:segmentation>  
</xsf:corpusData>

    
Figure 3.Spatial annotation of the Balisage logo
    It is possible to define a Bézier curve as well. In this case, the shape
      attribute uses the bezier value and the coords attribute
      contains at least four coordinate pairs. We have chosen to adopt SVG's model of cubic Bézier
      curve commands (Section 8.3.6 in SVG2011). The first coordinate pair starts
      with the capital letter C (curveto with absolute
      positioning) and depicts the start coordinate (since there is no equivalent to SVG's
        moveto command). The following coordinates are construed as follows:
        x2,y2 as control point at the beginning of the
      curve, x3,y3 as the control point at the end of
      the curve and x4,y4 as the end coordinate. After
      the first set of four coordinate pairs, it is possible to use a multiplicity of triple pairs
      as additional coordinates. Note, that the Bézier curve will be closed via a line drawn between
      the last coordinate and the first (simulating SVG's closepath command
        z, see Section 8.3.3 in SVG2011).

    Following Lee2013, we introduced the possibility to name a segment (via
      the corresponding attribute). Additionally, we added the width,
        height, horizontalResolution, and verticalResolution
      attributes to the primaryData element for describing spatial primary data
      files.

    For describing parts of moving pictures, we have to combine spatial and temporal
      segmentation attributes (see Figure 4, “Spatial segments in moving pictures”).

    <segment xml:id="s1a" type="spatial" shape="poly" coords="0,10 20,50 0,2" 
 start="00:00:00" end="00:02:00"/>

    
Figure 4.Spatial segments in moving pictures
    In this example we have an object in space which stays at the same coordinates during the
      time period starting at time code 00:00:00 and ending at 00:02:00. However, usually the object
      examined changes its position over time. Since XStandoff supports the construction of segments
      by referring to already established ones, we can use this mechanism to express a movement of a
      named markable over time (which can be expressed via path expressions in the other mentioned
      spatial markup languages). In the example given in Figure 5, “Annotating movement in space and time via additional segments” we have the
      segments s1 and s2 which both depict a spatial object named AnkleLeft. By
      creating a segment s3 as a combination of s1 and s2 we express that the object named
        AnkleLeft has moved over the timespan ranging form 00:00:00 to 00:01:15 from
      the coordinates given in s1 to the coordinates given in s2. This defines a linear movement. Up
      to now, there is no inherent mechanism to describe non-linear movement (except as content of
      the optional metadata of a segment element in combination with the
        disjoint value of the mode attribute, see Stuehrenberg2009 for a further description).

    <xsf:corpusData xxsfVersion="2.0"
  xmlns="http://www.xstandoff.net/2009/xstandoff/1.1"
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1"
  xsi:schemaLocation="http://www.xstandoff.net/2009/xstandoff/1.1 
  ../xsd/xsf2_1.1.xsd">
  <resources>
    <resource xml:id="Kin1">
      <meta>
        <sensor xmlns="http://www.example.org/interaction">
          <type number="1">Microsoft Kinect</type>
        </sensor>
      </meta>
    </resource>
    <!-- [...] -->
  </resources>
  <xsf:segmentation>
    <segment xml:id="s1" type="spatial" context="2d" shape="poly" creator="Kin1" coords="0,10,30 100,150,30 0,200,30 0,100,30"/>
    <segment xml:id="s2" type="spatial" context="2d" shape="poly" creator="Kin2" coords="10,10,40 110,150,40 10,200,40 110,100,40"/>
    <segment xml:id="s3" type="seg" segments="s1 s2" name="AnkleLeft" mode="continuous" start="00:00:00" end="00:01:15"/>
    <!.. [...] -->
  </xsf:segmentation>
  <!.. [...] -->
</xsf:corpusData>

    
Figure 5.Annotating movement in space and time via additional segments
    An alternative representation makes use of XStandoff's logging functionality which has
      been changed in XStandoff 2.0 compared to previous versions (see Figure 6, “Annotating movement in space and time via the update element”). While in SGF (Stuehrenberg2008), logging was inherited from the
      Serengeti annotation tool (Stuehrenberg2007) and was placed underneath a
      seperate log element, XStandoff 2.0's schema contains a log model group
      consisting of the elements update and delete which may be inserted
      as children of the segment element and elements of imported layers. 

    <segment xml:id="s1" type="spatial" context="3d" shape="poly" creator="Kin1"
      coords="0,10,30 100,150,30 0,200,30 0,100,30" start="00:00:00">
  <update>
    <segment coords="10,10,40 110,150,40 10,200,40 110,100,40" end="00:01:15"/>
  </update>
</segment>

    
Figure 6.Annotating movement in space and time via the update element
    Although this construct may seem a bit awkward at first, it is not only conformant to
      XStandoff's already established mechanism but may be easier to realize than ISO-Space's
        MOVELINK element demonstrated in Lee2013. While the
      representation given in Figure 5, “Annotating movement in space and time via additional segments” is the preferred one, the second tends
      to be more natural when dealing with sensor data (see below). Both serialization options are
      not stable since there are a couple of issues to resolve, for example the definition of
      non-linear movements.

    We examine if XStandoff 2.0 can be used to store information gathered by eye-tracking and
      other motion-capture sensors (see Conclusion and future work) as a base format for
      annotating sensor information. Eye-trackers are used in a growing number of linguistic and
      psychological experiments and usability studies. Up to now, there is no common export format
      for the raw data that is collected by these sensors which are — in terms of XStandoff —
      resources that can be referenced via the optional creator attribute.[3] In the example given in Figure 5, “Annotating movement in space and time via additional segments” we use two Microsoft Kinect
      sensors, that deliver three-dimensional data (hence the 3d value of the
        context attribute). This example introduces a change in XStandoff's paradigm,
      since the primary data to be annotated is not already present but is construed from the
      segmentation.

  
  
    Multimodal documents: a real-life example

    Information is often encoded by a combination of visuals and text referring to each other.
      We will call members of this category multimodal documents. A prototypic example of a
      multimodal document is an instruction manual (for example for an electronic gadget), another
      is the text-figure-combination which can often be found in the analysis of sport matches.[4] For demonstration purposes we have constructed an analysis of a fictional soccer
      match between teams A and B shown in Figure 7, “Soccer analysis as an example of a multimodal document”.

    [image: Soccer analysis as an example of a multimodal document]
        
      Another situation in which team A is not able to finish its move: Y tries to pass the
        ball through the small gap to X (instead of passing it to G) while Z is unintentionally
        obstructing Y's way. But before the ball reaches X, D intercepts and passes the ball to
        A.

    
Figure 7.Soccer analysis as an example of a multimodal document
    Textual and graphical representation go hand in hand in this example. We can observe that
      there are two teams playing (color-coded in the graphic) and we are able to recognize the
      players and the ball in both representation formats. However, while the text refers to a
      player named G and a small gap, there are no corresponding parts
      in the image. For a human reader it is easy to conclude which small gap was meant and that the
      player named G is represented by the blue circle without any letter, but a
      software agent may have problems to draw the same conclusions. To make these text-image
      mappings explicit we use an XStandoff 2.0 instance.

    First we create an encoding of the information given in the textual part (Figure 8, “Inline representation of the textal-encoded information”) which will afterwards be transformed into a single-level XSF
      instance by using the XStandoff-Toolkit (Stuehrenberg2009).[5]

    <text xmlns="http://www.xstandoff.net/examples/playbook"
 xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
 xsi:schemaLocation="http://www.xstandoff.net/examples/playbook ../xsd/soccer.xsd">
Another situation in which <team name="teamA">team A</team> is not able to finish its move: <player name="Y">Y</player> tries to pass the ball through <place name="gap">the small gap</place> to <player name="X">X</player> (instead of passing it to <player name="G">G</player>) while <player name="Z">Z</player> is unintentionally obstructing <player name="Y">Y</player>'s way.
But before the ball reaches <player name="X">X</player>, <player name="D">D</player> intercepts and passes the ball to <player name="A">A</player>.
</text>

    
Figure 8.Inline representation of the textal-encoded information
    Some information is encoded in one of the two representation formats only: For example, we
      can definitely say which player belongs to which team by using the color information (even for
      the unnamed player) and use spatial attributes to create the according segments. Figure 9, “XStandoff 2.0 instance containing both textual and visual primary data and annotation” shows the resulting XStandoff 2.0 instance after we have combined
      both textual and spatial segments and the converted annotation layer.

    <xsf:corpusData xml:id="xsf_spatial" xsfVersion="2.0"
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1"
  xsi:schemaLocation="http://www.xstandoff.net/2009/xstandoff/1.1 ../xsd/xsf2_1.1.xsd">
  <xsf:primaryData xml:id="soccer-txt" start="0" end="265">
    <xsf:primaryDataRef uri="../pd/soccer_balisage.txt" encoding="utf-8" mimeType="text/plain"/>
  </xsf:primaryData>
  <xsf:primaryData xml:id="soccer-img" unit="pixels">
    <xsf:primaryDataRef uri="../pd/soccer_balisage.png" mimeType="image/png" width="824" height="679"/>
  </xsf:primaryData>
  <xsf:segmentation>
    <xsf:segment xml:id="seg1" start="0" end="265" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg2" start="27" end="33" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg3" start="66" end="67" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg4" start="99" end="112" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg5" start="116" end="117" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg6" start="144" end="145" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg7" start="153" end="154" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg8" start="186" end="187" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg9" start="223" end="224" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg10" start="226" end="227" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg11" start="262" end="263" primaryData="soccer-txt"/>
    <xsf:segment xml:id="seg12" type="spatial" shape="circle" coords="312,651,23" primaryData="soccer-img" name="Y"/>
    <xsf:segment xml:id="seg13" type="spatial" shape="circle" coords="327,473,23" primaryData="soccer-img" name="Z"/>
    <xsf:segment xml:id="seg14" type="spatial" shape="circle" coords="405,422,23" primaryData="soccer-img" name="X"/>
    <xsf:segment xml:id="seg15" type="spatial" shape="circle" coords="365,396,23" primaryData="soccer-img" name="D"/>
    <xsf:segment xml:id="seg16" type="spatial" shape="circle" coords="781,339,23" primaryData="soccer-img" name="A"/>
    <xsf:segment xml:id="seg17" type="spatial" shape="circle" coords="554,399,23" primaryData="soccer-img"/>
    <xsf:segment xml:id="seg18" type="spatial" shape="poly" coords="300,618 371,439 428,444 363,618" primaryData="soccer-img" name="gap"/>
    <xsf:segment xml:id="seg19" type="seg" segments="seg12 seg13 seg14 seg17" mode="disjoint" name="Team A"/>
    <xsf:segment xml:id="seg20" type="seg" segments="seg15 seg16" mode="disjoint" name="Team B"/>
  </xsf:segmentation>
  <xsf:annotation>
    <xsf:level xml:id="soccer">
      <xsf:layer xmlns="http://www.xstandoff.net/examples/playbook" xsi:schemaLocation="http://www.xstandoff.net/examples/playbook ../xsd/soccer.xsd">
        <text xsf:segment="seg1">
          <team name="teamA" xsf:segment="seg2 seg19"/>
          <player name="Y" xsf:segment="seg3 seg12"/>
          <place name="gap" xsf:segment="seg4 seg18"/>
          <player name="X" xsf:segment="seg5 seg14"/>
          <player name="G" xsf:segment="seg6 seg17">
            <xsf:meta xmlns="http://www.tei-c.org/ns/1.0" xsi:schemaLocation="http://www.tei-c.org/ns/1.0 ../xsd/TEICertainty.xsd">
              <certainty locus="name" target="playerG" degree="0.9">
                <desc>Although the part of the graphic depicted with seg17 comes without a name tag, it is most likely that it depicts the player called 'G' in the running text.</desc>
              </certainty>
            </xsf:meta>
          </player>
          <player name="Z" xsf:segment="seg7 seg13"/>
          <player name="Y" xsf:segment="seg8 seg12"/>
          <player name="X" xsf:segment="seg9 seg14"/>
          <player name="D" xsf:segment="seg10 seg15"/>
          <player name="A" xsf:segment="seg11 seg16"/>
        </text>
      </xsf:layer>
    </xsf:level>
  </xsf:annotation>
</xsf:corpusData>

    
Figure 9.XStandoff 2.0 instance containing both textual and visual primary data and
        annotation
    Elements of the annotation layer may refer either to segments of one of the primary data
      files only or both (as seen in the example). In the latter case the reference can be seen as a
      simple way of a text-to-image mapping.[6] Since we are uncertain if the unnamed blue dot refers to the player named
        G in the running text, we have used TEI's certainty element to
      express our degree of confidence. Note, that we have chosen this place for the
        certainty element instead of placing it underneath the segment
      element identified by seg17, since the segment as such is undisputed, but
      not its reference to the entity mentioned in the running text.[7]
    

  
  
    XStandoff 2.0 compared

    There are already a couple of specifications that allow for spatial annotation, some of
      which have been mentioned already in Introduction and Using XStandoff for spatial and temporal annotation. The TEI supports spatial annotation by means of the
        facsimile element introduced in the current version P5 (Chapter 11 in TEIP5). A possible serialization of a the text-picture combination shown in
        Figure 7, “Soccer analysis as an example of a multimodal document” can be seen in Figure 10, “TEI's facsimile element”. The appearance of the
      player's zone elements as circles (or ellipses) is encoded by using
        rendition child element underneath the tagsDecl metadata (the
      example has been produced by using the Image Markup Tool (IMT)[8] and have been altered manually afterwards to include the textual content. Since we
      use rectangular zones (that are rendered as ellipses in case of the players), the coordinates
      used define boxes. The point attribute, that uses a series of x,y coordinate
      pairs to define complex 2d areas (similar to XStandoff's approach) is another option.

    <?xml-model href="http://www.tei-c.org/release/xml/tei/custom/schema/relaxng/tei_all.rng" type="application/xml" schematypens="http://relaxng.org/ns/structure/1.0"?>
<TEI xmlns="http://www.tei-c.org/ns/1.0" version="5.0" xml:id="tei-facsimile_instanz">
  <teiHeader>
    <fileDesc>
      <!-- [...] -->
    </fileDesc>
    <encodingDesc>
      <tagsDecl>
        <rendition xml:id="player"><label>Player</label><code rend="ellipse"
          lang="text/css">color: #ff0000</code></rendition>
        <rendition xml:id="place"><label>Places</label><code rend="rectangle" lang="text/css">color:
          #ffffff</code></rendition>
      </tagsDecl>
    </encodingDesc>
  </teiHeader>
  <facsimile xml:id="soccer-img">
    <surface>
      <desc>Visualization of a situation in a soccer game between teams A and B</desc>
      <graphic url="soccer_balisage.png.png" width="824px" height="678px"/>
      <zone xml:id="Y" rendition="player" ulx="290" uly="626" lrx="335" lry="674" rend="visible"/>
      <zone xml:id="X" rendition="player" ulx="381" uly="397" lrx="430" lry="446" rend="visible"/>
      <zone xml:id="Z" rendition="player" ulx="303" uly="448" lrx="349" lry="495" rend="visible"/>
      <zone xml:id="D" rendition="player" ulx="343" uly="375" lrx="389" lry="420" rend="visible"/>
      <zone xml:id="G" rendition="player" ulx="533" uly="376" lrx="576" lry="423" rend="visible"/>
      <zone xml:id="A" rendition="player" ulx="758" uly="317" lrx="806" lry="365" rend="visible"/>
      <zone xml:id="gap" rendition="place" ulx="343" uly="445" lrx="406" lry="630" rend="visible"/>
    </surface>
  </facsimile>
  <text>
    <body>
      <p>Another situation in which <seg type="team">team A</seg> is not able to finish its move:
        <seg facs="#Y" type="player">Y</seg> tries to pass the ball through <seg facs="#gap"
          type="place">the small gap</seg> to <seg facs="#X" type="player">X</seg> (instead of
        passing it to <seg facs="#G" type="player">G</seg>) while <seg facs="#Z" type="player"
          >Z</seg> is unintentionally obstructing <seg facs="#Y" type="player">Y</seg>'s way. But
        before the ball reaches <seg facs="#X" type="player">X</seg>, <seg facs="#D" type="player"
          >D</seg> intercepts and passes the ball to <seg facs="#A" type="player">A</seg>.</p>
    </body>
  </text>
</TEI>

    
Figure 10.TEI's facsimile element
    We have used TEI's seg element as bearer of the information encoded in the
      element names in Figure 8, “Inline representation of the textal-encoded information”. There are of course other (and better)
      options to encode the information, especially the text-to-image mapping which in our example
      has been done by using the facs attribute. Although this attribute is defined in
      the TEI to point[s] to all or part of an image which corresponds with the content of
        the element, its (and the one of the facsimile element) main purpose is
      to represent digital facsimiles. It remains to the reader to judge the tag abuse contained in
        Figure 10, “TEI's facsimile element”.

    Another specification worth mentioning is Analyzed Layout and Text Object (ALTO)
      originally developed as part of the Metadata Engine (METAe) project and which is nowadays
      often used as an extension of the Metadata Encoding & Transmission Standard (McDonough2006). METS/ALTO supports several geographical shapes such as polygons,
      ellipses and circles to define spatial areas and uses a similar point attribute
        (ALTO). However, the main purpose of ALTO is to store layout and content
      information of OCR recognized text of pages of various printed document types.

  
  
    Conclusion and future work

    We have demonstrated the upcoming version 2.0 of the meta markup language XStandoff, which
      supports spatial segmentation and annotation of non-textual primary data. Although we have
      already annotated a medium-sized number of examples, using XStandoff for multimodal documents
      have just begun and further changes to the format cannot be excluded. We hope to create a
      web-based application for segmenting and annotating text and graphical-encoded information as
      a next step. Existing software such as the already-mentioned IMT or the Text-Image Linking
      Environment (TILE)[9] may serve as starting points. Furthermore we will examine the applicability of
      XStandoff as pivot format for eye-tracking and other sensor data.

  
  
    Acknowledgements

    The author would like to thank the anonymous reviewers for their helpful comments and
      ideas, especially regarding (but not limited to) the availability of tools for spatial
      annotation.

  
  
    References

    [TEIP5] Burnard, L. and S. Bauman
      (2013). TEI P5: Guidelines for Electronic Text Encoding and Interchange. Text Encoding
      Initiative Consortium, Charlottesville, Virginia. Version 2.4.0. Last updated on 5th July
      2013

    [SVG2011] Dahlström, E.. Dengler, P.,
      Grasso, A., Lilley, C., McCormack, C., Schepers, D. and J. Watt (2011). Scalable Vector
      Graphics (SVG) 1.1 (Second Edition). W3C Recommendation, World Wide Web Consortium (W3C).http://www.w3.org/TR/2011/REC-SVG11-20110816/

    [DeRose1994] DeRose, S. J., and D. G.
      Durand (1994). Making Hypermedia Work. A User’s Guide to HyTime. Kluwer Academic Publishers,
      Boston and Dordrecht and London. doi:10.1007/978-1-4615-2754-1.

    [ALTO] Egger, A., Stehno, B., Retti, G.,
      Tiede, R., and J. Littman (2010). Analyzed Layout and Text Object (ALTO). Technical report,
      Library of Congress Network Development and MARC Standards Office.

    [Lee2013] Lee, K. (2013). Multi-layered annotation of
      non-textual data for spatial information. In: Bunt, H., editor, Proceedings of the 9th Joint
      ISO - ACL SIGSEM Workshop on Interoperable Semantic Annotation, pages 15–23,
      Potsdam

    [ISO-TimeML2012] ISO/TC 37/SC 4/WG 2 (2012).
      Language Resource Management — Semantic annotation framework — Part 1: Time and events
      (SemAF-Time, ISO-TimeML). International Standard ISO 24617-1:2012, International Organization
      for Standardization, Geneva

    [ISO-Space2012] ISO/TC 37/SC 4/WG 2 (2012).
      Language Resource Management — Semantic annotation framework — part 7: Spatial Information
      (ISO-Space). Technical Report ISO/NP 24617-7, International Organization for Standardization,
      Geneva

    [Jettka2011] Daniel Jettka, and
      Maik Stührenberg (2011). Visualization of concurrent markup: From trees to graphs, from 2d to
      3d. In: Proceedings of Balisage: The Markup Conference 2011. Balisage Series on Markup
      Technologies, vol 7. doi:10.4242/BalisageVol7.Jettka01.

    [Mani2008] Mani, I., Hitzeman, J., Richer, J.,
      Harris, D., Quimby, R., and B. Wellner (2008). SpatialML: Annotation Scheme, Corpora, and
      Tools. In: Calzolari, N., Choukri, K., Maegaard, B., Mariani, J., Odjik, J., Piperidis, S.,
      and Tapias, D., editors, Proceedings of the Sixth International Language Re- sources and
      Evaluation (LREC 2008), pages 28–30, Marrakech. European Language Resources Association
      (ELRA)

    [Mani2010] Mani, I., Doran, C., Harris, D.,
      Hitzeman, J., Quimby, R., Richer, J., Wellner, B., Mardis, S., and S. Clancy (2010).
      SpatialML: annotation scheme, resources, and evaluation. Language Resources and Evaluation,
      44(3):263280. doi:10.1007/s10579-010-9121-0.

    [McDonough2006] McDonough, J. (2006). METS:
      standardized encoding for digital library objects. International Journal on Digital Libraries,
      6:148–158. doi:10.1007/s00799-005-0132-1.

    [Stuehrenberg2007]  Stührenberg, Maik,
      Goecke, Daniela, Diewald, Nils, Cramer, Irene, and Alexander Mehler (2007). Web-based
      annotation of anaphoric relations and lexical chains. In: Proceedings of the Linguistic
      Annotation Workshop (LAW), pages 140–147, Prague. Association for Computational Linguistics,
      2007. doi:10.3115/1642059.1642082.

    [Stuehrenberg2008] Stührenberg,
      Maik, and Daniela Goecke (2008). SGF - An integrated model for multiple annotations and its
      application in a linguistic domain. In: Proceedings of Balisage: The Markup Conference 2008.
      Balisage Series on Markup Technologies, vol. 1. doi:10.4242/BalisageVol1.Stuehrenberg01.

    [Stuehrenberg2009] Stührenberg,
      Maik, and Daniel Jettka (2009). A toolkit for multi-dimensional markup: The development of SGF
      to XStandoff. In: Proceedings of Balisage: The Markup Conference 2009. Balisage Series on
      Markup Technologies, vol. 3. doi:10.4242/BalisageVol3.Stuhrenberg01.

  
Notes
For various reasons we decided not to follow HyTime's approach of Finite Coordinate
          Space Location (fcsloc) demonstrated in DeRose1994, p.
          70ff. See XStandoff 2.0 compared for a discussion of other
          specifications.

      
View note in Notes section
Note, that the assertion given in Figure 2, “Declaration of the coords attribute” does not yet reflect 3d
          contexts.

      
View note in Notes section
The resource element is used to store information about human, software
          or hardware agents that produced segmentation or annotation layers.

      
View note in Notes section
Typical examples are available at http://spielverlagerung.de/, for example
          the analysis of the Champions League Final between Borussia Dortmund and Bayern Munich at
            http://spielverlagerung.de/2013/05/28/english-borussia-dortmund-bayern-munich-12-champions-league-final/.

      
View note in Notes section
For this example we use a representation format such as HTML, that allows us for
          selecting the textual information character-wise and can therefore use the classic
          XStandoff approach of segmentation.

      
View note in Notes section
Of course it would be possible to make the mapping explicit by adding a special
          annotation layer for this purpose.

      
View note in Notes section
Another option could be to use two player elements (one for each primary
          data) and to add the certainty information to the one referring to the segment of the
          graphical primary data only. But this would introduce an additional element not present
          before in the original inline annotation.

      
View note in Notes section
Further information about IMT including downloads can be obtained at http://www.tapor.uvic.ca/~mholmes/image_markup/.

      
View note in Notes section
See http://mith.umd.edu/tile/ for further
          details.
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		Introduction

		In 2010 the WHATWG mailing list discussed which existing timed text format should be used as a base to distribute timed text with the newly defined track element in HTML5 [PfeifIntro2010]. The most important use case for timed text was the display of captions and subtitles with a related video.[1]
		

		In the end not the existing XML standard for timed text, TTML [TTMLCandidate2010] (formerly specified as DFXP) was chosen, but SRT, a text-based format for subtitles that originated from the web user community and had been implemented already in a large range of video players [HickVideo2010]. After the adoption of SRT by the WHATWG the timed text format was first called WebSRT and later renamed to WebVTT.

		The arguments exchanged in mailing threads were not limited to timed text and the domain of subtitling. The decision against TTML also was a decision against XML and other standards from the XML-family.

		The importance of having a new timed text format is driven by the large increase of video content distribution over IP-based networks. The demand for subtitles to show with that video is rising as well. In some regions provisioning of subtitles with online content even is an obligation from the regulator (see for example [FCC2012]).

		Left aside proprietary formats, for the distribution of subtitles on the web the TTML and the WebVTT standards currently are receiving the biggest attention from the market. The competition of these two standards follows a pattern which is similar to the one seen with the adoption of XML for the web. More than a competition between different technologies, it appears to be a clash of the ‘web culture’ with the ‘XML culture’. The unresolved problems in this relationship could have a blocking effect on the progress of IP-based delivery of subtitles and on web-accessibility in general.

	
	
		TTML

		In 2003 the W3C set up a working group to specify a timed text markup language [W3CTTCharta2003]. According to the requirements, which were laid out already in 2002 [W3CTT2002], the goal was to define a non-proprietary, standardized format that could be used for displaying text synchronized with other elements such as audio and video.

		In the requirements use cases such as karaoke, credit rolls and text overlays were listed next to the main use case: the display of subtitles. One of the top priorities for the targeted architecture was to have an XML representation of the format.

		Members of the working group represented, amongst others, a broadcaster, a professional engineering association from the moving picture industry, a research institution on accessible media and vendors of existing video players for the web. TTML was published as a detailed standard in November 2010 as Timed Text Markup Language (TTML) 1.0 [TTMLFinal2010].

		A simple TTML example illustrates the expression of a two line subtitle:[2]
		

		
<p begin="00:00:00.000" end="00:00:02.000">
    This is a subtitle<br/>
    on two lines
</p>
		

		In the TTML presentation semantics a p element represents a block level element and the br element inserts a line break. The begin and end attributes specify the timecodes between which the subtitle should be shown.

		As for other local names of TTML elements that represent subtitle content p and br are derived from  (X)HTML.[3] And although they are defined in a different namespace, their semantics are similar. 

		TTML uses a subset of the XML Infoset to formalize the data model.[4]
		

		A reduced notation of the p information element would be:[5]
		

		
<p>
    begin = <timeExpression>
    end = <timeExpression>
    Content: (#PCDATA | br )*
</p>		
		

	
	
		WebVTT

		In 2004 a group of W3C members decided to split off from the W3C HTML specification and to push HTML outside of, but in close collaboration with the W3C. The Web Hypertext Application Technology Working Group (WHATWG) was set up with the goal to “create technical specifications that are intended for implementation in mass-market web browsers, in particular Safari, Mozilla, and Opera” [WHATList2004].

		Although WebVTT is currently specified by the W3C Web Media Text Tracks Community Group [W3CWebvtt2013], the decision to use SRT as its base had been taken by the WHATWG and the initial specification has been written with Ian Hickson as responsible editor. Priorities for the choice of a timed text format included: simplicity, compatibility with existing players and integration into the HMTL5 specification effort [HickVideo2010].

		
A simple two line subtitle would be expressed in WebVTT as a text cue:

		
00:00:00.000 --> 00:00:02.000
This is a subtitle
on two lines
		

		
The delimiter for begin and end timecodes is the string “-->”. A character sequence representing a newline (LF, CR or CRLF) separates the timing information from subtitle text and breaks a subtitle text line.[6]
		

		WebVTT does not use a formal grammar to describe the syntax but a sequence of rules written in normative prose. A reduced definition of the text cue shown in the example would be:

		
A WebVTT timestamp representing the start time offset of the cue.
The string "-->" (U+002D HYPHEN-MINUS, U+002D HYPHEN-MINUS, U+003E GREATER-THAN SIGN).
A WebVTT timestamp representing the end time offset of the cue.
A WebVTT line terminator
Zero or more WebVTT cue text span, representing the text of the cue each optionally separated from the next by a WebVTT line terminator.
	

	
	
		Established industries versus emerging user communities

		While XML has been well received and is used in established industries, it has at least a disputable role on the web. The most prominent areas of debate are the draconian error handling implemented by XHMTL supporting web browsers ( see [KestXML2012, W3CWiki2010]) and the growing suppression of XML through JSON as an interchange format for data on the web (see [CrockJson2006, VlistJson2013]).

		Similar to these debates the origin of the recent failure of TTML to be adopted by HTML5 can be found in the separation of user communities.

		At the same time when the WHATWG decided against TTML, other standardization committees from the broadcast and movie domain adopted and promoted TTML as format for subtitles. The Society of Motion Picture (SMPTE) extended TTML to  SMPTE-TT [SMPTETimedText2010], YouView defined a profile of TTML for delivery to interactive TV sets and set-top boxes in the UK [Youview2011], the Digital Entertainment Content Ecosystem  consortium (DECE) defined a TTML profile for the common file format (CFF-TT) [DECECff2013] and the EBU published the TTML subset EBU-TT [EBUTT2012] for the interchange, archiving and production of subtitles.

		
The adoption of TTML by the European Broadcasting Union (EBU) is a good example of why an XML standard was chosen by the different standardization initiatives. The EBU was looking for a successor of the binary subtitle format EBU STL [EBUSTL1991] and the TTML standard met the requirements for a reference standard. It was expressive enough to cover the desired semantics and at the same time it had the option to be constrained. Furthermore the XML standard has a well-documented Unicode support (something missing in the binary EBU STL format) and is ideally suited to implement the “Create once, publish everywhere” strategy. While the translation process of spoken text into subtitles still requires a large amount of manual work, the deployment of subtitles in different subtitle formats for linear and non-linear TV is only practically feasible when it is automated. 	
		

		Similar to other professional sectors with a highly automated production process the broadcast industry depends on reliable and stable standards to guarantee the quality of their services. The benefit of a formal standard that uses XML as an established technology in this context outbalances the extra effort to implement its potential complexities.

		The web environment however, is home to a deeply-rooted “everybody can do it” philosophy. Anyone can and should be able to be a sender. The belief that it should be easy to publish and to distribute content without high investments is shared with the open source movement. From this point of view the hurdle to apply an XML standard is high (especially if it references other XML standards). Implementation may require an academic background or special training. Furthermore free and user friendly authoring tools for XML are rare. Therefore the WHATWG preferred a subtitle format with an easier to understand notation that could be used with a simple text editor.

		Another difference to the TTML use case is, that WebVTT is designed to only serve as a web distribution format for subtitles. There is no ambition for it to be used as an intermediary format. And although later in the specification process documents and extensions were published to support the translation from existing US broadcast standards into WebVTT[PfeifIntro2012], support for legacy formats had not been a requirement from the beginning.

	
	
		Quality control versus non-draconian error handling

		The XML specification, together with grammar-based or rule-based constraining languages such as W3C XML Schema 1.0, Relax NG or Schematron, forms a framework to test information which is exchanged between applications and/or organizations for standard conformance. In highly professionalized sectors such as the broadcast industry this support for QC processes is well-appreciated and used.

		Paradoxically the strictness of the XML specification in guaranteeing ‘well-formedness’ could be seen as a reason for its bad reputation in the web developer community. The behaviour of some web browsers which do not recover gracefully from ill-formed errors in XHTML documents but instead interrupt the rendering process has resulted in distracting user experiences (see [TantekDrac2010, BovensXML2011]). The return of the HTML5 spec to a more "forgiving" parser behavior can be seen as a direct result of these problems.

		The strictness of XML was one reason for the decision against TTML on the WHATWG mailing list. Well-formedness errors and namespace problems were marked as potential problems for authors. As in general discussions related to "XML in the browser", the expectation was that amateur developers will want to provide content and therefore the format has to be kept simple.

		For professional content providers, including broadcasting stations, automated QC is becoming increasingly important. A strict format such as TTML therefore is preferred both at the production side, and as well for distribution. It gives broadcast stations the means to guarantee the quality of their online-services and to live up to the expectation of their audience. Note that the reputation of most broadcasters has been established not through the web, but rather by the use of high-quality broadcast standards.

		TTML and WebVTT provide different options to handle document conformance. TTML provides an informative W3C XML Schema and Relax NG Schema to support automatic document validation while WebVTT integrates conformance testing and error handling in a normative text parsing algorithm.

		A good illustration for the different concepts is the specification of text alignment.

		In TTML text alignment of subtitle text can be expressed through the attribute textAlign:

		
<p begin="00:00:00.000" end="00:00:02.000" tts:textAlign="left" >
    One line aligned to the left.
</p>		
		

		A simplified type definition of the tts:textAlign attribute in the TTML XML Schema is shown below:

		
		
<xs:attribute name="textAlign">
    <xs:simpleType>
	    <xs:restriction base="xs:token">
		    <xs:enumeration value="start"/>
		    <xs:enumeration value="end"/>
		    <xs:enumeration value="left"/>  
		    <xs:enumeration value="center"/>
		    <xs:enumeration value="right"/>	    
        </xs:restriction>
    </xs:simpleType>
  </xs:attribute>
		

		
The validation of a TTML document where the textAlign attribute contains another value than "start", "end", "left", "center" or "right" would fail. Depending of the implementation a TTML decoder could stop further processing of the document or continue parsing but reject the document at the end because the conformance test was negative.
		

		In WebVTT text alignment can be controlled by the alignment cue setting:

		
00:00:00.000 --> 00:00:02.000 align:left
One line aligned to the left.		
		

		
There are two sources for document conformance tests in the WebVTT spec: the syntax definition and the parsing algorithm. The syntax definition is intended as authoring instruction, while the parsing algorithm is a guideline for the implementation of WebVTT decoders.

		The syntax for the alignment cue setting is as follows:

		
WebVTT vertical text cue setting consists of the following components, in the order given:
    The string "align".
    A U+003A COLON character (:).
    One of the following strings: "start", "middle", "end", "left", "right".


		The setting should be parsed as shown below:

		
Let name be the leading substring of setting up to and excluding the first U+003A COLON character (:) in that string.

Let value be the trailing substring of setting starting from the character immediately after the first U+003A COLON character (:) in that string.

Run the appropriate substeps that apply for the value of name, as follows:

If name is a case-sensitive match for "align"

        If value is a case-sensitive match for the string "start", then let cue's text track cue alignment be start alignment.
        If value is a case-sensitive match for the string "middle", then let cue's text track cue alignment be middle alignment.
        If value is a case-sensitive match for the string "end", then let cue's text track cue alignment be end alignment.
        If value is a case-sensitive match for the string "left", then let cue's text track cue alignment be left alignment.
        If value is a case-sensitive match for the string "right", then let cue's text track cue alignment be right alignment.



		Following the WebVTT text parsing algorithm the setting will simply be ignored if a value is not defined. The parsing of the document continues and the writing direction of the text cue will not be changed.

		There is no recommendation if and how this error should be signaled.

	
	
		Don´t reinvent the wheel versus keep it simple

		One principle in standardization is not to reinvent the wheel. If a required functionality has been defined elsewhere, it would be appropriate to reference it. Often a compromise is necessary because not all requirements are covered by existing standards and also because it is sometimes neither easy nor desirable to extend them. This compromise typically is acceptable for the goals of technology dissemination and future interoperability between systems.

		The XML ecosystem makes use of this principle and there are a lot of cross references between the different core standards of the ‘XML family’, such as XPATH, W3C XML Schema and XSLT.

		From the start the Timed Text Working Group (TTWG) has had the requirement to use existing W3C technologies. This has been implemented by the integration of SMIL as the semantic reference for the timing model and by the integration of XSL:FO for the semantics of the formatting model.

		In the ‘WHATWG versus TTML’-debate, especially the reference to XSL:FO and the claimed incompatibility between XSL:FO and CSS have been important arguments. Furthermore the re-use of TTML was blocked by critical comments about the use of XML. In this sense the re-use of standards actually let to the rejection to be used by another standard (!).

		Although WebVTT also makes uses of other standards and has the design goal to integrate well with HTML5  and CSS, it also duplicates the functionality of TTML without making a reference to this existing standard.

	
	
		Readability: curse or blessing?

		When comparing the advantages of WebVTT and SRT versus TTML readability is often highlighted as a difference. The construction principle of simple WebVTT/SRT files seems easy to understand, while a TTML document which expresses the same semantics appears to be more verbose and opaque, especially to a reader who is not familiar with XML.

		While comprehensibility of a format by reading it may be important when the manual creation of conformant documents is an important option, the ease of parsing and implementation is crucial for automated processing.

		The readability argument leads back to the differences in requirements between established industries and emerging user communities, but in any case it seems more relevant for the creation than for the interpretation of a format. While a document with subtitles can be directly created by a human being, the decoding and rendering of the document will always be done by an automated process. It is therefore questionable how the complexity of a format can be judged by taking human readability as the criterion.

		As a side note it should be mentioned that in Europe the binary (so not human-readable at all!) EBU-STL format is highly trusted as an exchange format for subtitles. Actually, some concerns exist regarding its replacement with a human readable XML format! It would be an interesting field of investigation if under special circumstances an opaque format is more likely to gain trust and therefore adoption than a transparent format like XML.

	
	
		Conclusion

		Besides the technical and semantic differences between TTML and WebVTT, the sheer existence of two standards with duplicated functionality lowers the speed of adoption, blocks specification processes and in the long run affects interoperability between systems.

		Although it not likely that the two formats will be merged, the efforts to combine both activities in one W3C working group can be seen as a promising step. This nevertheless leaves one problem still unresolved: the divergence between the XML and the web world. These two worlds should not only meet at conferences, but they should be represented in the same standard committees. That could improve the interoperability perspective for new standards right from the beginning.

	
	
		TTML and WebVTT document samples

		Two short but complete examples for TTML and WebVTT are documented below. Both documents represent the same formatting semantics for a timed, two-line subtitle:
				

					
					The virtual box for the subtitle is 80% of the video frame width.

				

					
					The virtual box of the subtitle has a 10% offset to the left edge of the video frame.

				

					
					The subtitle text is centered.

				

					
					The subtitle has an identifier with the value "sub1".

				

					
					A color of green is applied to one word by the use of an inline-style.

				

					
					An italic typeface is applied to one word by the use of a referenced style definition.

				

					
					The vertical position is in the lower third of the video frame.[7]
					

				

			

		The representation in TTML would be:

		
<?xml version="1.0" encoding="UTF-8"?>
<tt xml:lang="en" xmlns="http://www.w3.org/ns/ttml" xmlns:tts="http://www.w3.org/ns/ttml#styling" xmlns:tt="http://www.w3.org/ns/ttml" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance">
    <head>
        <styling>
            <tt:style xml:id="s1" tts:color="green"/>
        </styling>
        <layout>
            <tt:region tts:extent="80% 80%" tts:origin="10% 10%" tts:displayAlign="after"/>
        </layout>
    </head>
    <body>
        <div>
            <p xml:id="sub1" begin="00:00:00.000" end="00:00:02.000">
                This is a green <span style="s1">word.</span>.<br/>
                This is an italic <span tts:fontStyle="italic">word</span>.
            </p>
        </div>
    </body>
</tt>
 

		The representation in WebVTT would be:

		
WEBVTT
Style:
@import(foo.css)
##
Language: en

sub1
00:00:00.000 --> 00:00:02.000 size:80% position:10% line:70% align:middle 
This is a green <c.s1>word</c>.
This is an italic <i>word</i>.


		WebVTT has the option to use CSS style sheet definitions. Currently these definitions are not embedded in the WebVTT document. In the example they are included in the WebVTT file by the use of the @import rule.

		The content of the imported file in the example would be as follows:

		
::cue(c.s1) {
  color: green;
}
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	[6]The syntax in the sample is equivalent to what was already defined in SRT, the base format of WebVTT.

			

	[7]Because of different positioning concepts the represented vertical position is only approximately the same.
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There was a time when I knew what the word “semantic” meant. That was a long time ago. Since then many people, on many occasions, in many contexts, have corrected my misunderstanding of the meaning of semantic. Perhaps it means nothing, or everything. Or perhaps I’m simply misinformed.
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Welcome to Balisage

  
The first thing I have to say is “Welcome to Balisage, and welcome to Montréal.”  This is my favorite week of the year, and I want to be sure that you all enjoy it too.


Before I start talking about what’s really on my mind and what I said I was going to talk about, which is “semantics”, I want to talk about something that should go without saying, but two people caught me yesterday and asked me to say a few words about expected behavior this week — as I did last year and the year before and probably every year before that — it’s what I think of as the “Conference Mommy Moment”.  I’m talking about courtesy for everyone at this conference.  As far as I’m concerned, every one of you is my guest, and that means I expect every one of you to treat each other as my guests.  I don’t expect you to agree with each other, and in fact a large part of what we’re here to do is to disagree.  That’s a lot of the fun; we frequently disagree on how to address problems that we agree are important.  And we sometimes disagree on what is important and why.  I hope such disagreements are heartfelt, articulate, and clear.  I insist they be respectful.


This means challenging the idea, not the person.  By the way, “That’s the dumbest idea I have ever heard” is not challenging the idea.  That’s challenging the person whether the sentence seems to use the word “idea” as its subject or not.  “I think there are some important factors that you should consider that might change your mind, for example, …” is challenging the idea.


Another aspect of treating each other with courtesy is using the microphones.  Many of you are used to speaking to large groups.  Many of you believe you can be heard well without a microphone.  I am telling you that there are people in this room who will not be able to hear you or understand you if you don’t use a microphone.  If you have anything more to say than “Yea, verily, yea,” get up out of your seat and go stand at the microphone.  (Shouting “Yea, verily, yea” from your seat will do just fine.)


Eschewing the microphone means that people with less than perfect hearing may have trouble understanding you, and people with relatively little English — or with an English accent dramatically different than yours — will have a difficult time understanding you.  And it wouldn’t be a bad idea to eschew words such as “eschew” which many people don’t understand.


I like Balisage for a lot of reasons.  I like Balisage because I think of it as a playground where a group of really smart people gather together to learn from each other.  This means it is a gathering of friends, but it is also a gathering of  “might be” friends.  I suggest that those of you who know twenty or thirty people in this room consider the fact that there are probably twenty or thirty other people in this room who might become friends if you spent time talking with them.  It is easy for those of us who know and like each other and see each other once a year to concentrate on old friends.  I’m not saying you shouldn’t do that — I’m not saying you shouldn’t enjoy the people you know — but meet some of these other people because it’s a good bet they’re pretty smart.


“Tell them where to meet!”  First of all, there’s the riskiest thing to do — which I highly recommend:  sit down next to somebody you don’t know at lunch.  What’s the worst thing that’s going to happen?  They’re going to be boring.  Odds are, they won’t.  Because they’re here.  And we don’t have a lot of boring people here.


However, we also have a conference office downstairs.  You can tell it’s the conference office because there’s a Balisage logo on the door.  And when that door is open, come on in!  We have chairs, we have tables.  We’ve also got a printer there, so stop in if you need to print a few pages.  And we’ve got a refrigerator with some water in it.  So come by!  This evening go across the hall to dinner.  After that, if you’re looking for a group of people to go out with, check the office; in the early evening, people will gather there and make groups.  It’s a good place to be.


This is sort of a week-long party.  I don’t actually go to parties where people have projectors and  throw their slides up on the wall, but I do go to parties where people climb on metaphorical soaps boxes and make speeches about all sorts of things that they care a lot about, which is one of the things we’re going to do at Balisage.


I actually go to dinner parties where things get a little weirder than that.  I remember one group — I think there were eight of us — in a very, very fancy French restaurant in the Georgetown area of Washington where somebody pulled out a dataflow diagram and passed it around the table.  And the first person who got it, looked at it for a minute and snickered, then passed it to the next person who laughed.  It went all the way around the table, and everybody laughed.  After everybody had had a chance to look at the joke, we discussed where the error had to be and how silly this diagram was.  It said there was one office that was going to fill with paper documents because there were all these paper documents being printed, and they went to this one person, and they never left.  And then the guy who brought this diagram pulled a photograph of that office out of his pocket.  It was stacked to the ceiling with paper, with little paths through it.  We laughed at that, and it occurred to somebody that there we were sitting in a restaurant drinking wine … and passing around a dataflow diagram.  Some of those people are here, and many of the rest of you would have enjoyed the evening.  It’s that kind of crowd.


I like Balisage because I learn a lot here.  I learn about interesting things people are doing with marked up content and interesting applications people are developing to create and manipulate and display marked up content.  But that isn’t surprising.  It is the markup conference, after all.
    

More interesting, I learn about the sorts of problems that people are paying attention to in the first place.  As I read the submissions to this conference, I read about people using markup to solve problems I hadn’t even realized were problems.  People are doing work I never thought anybody cared about, solving problems I had not thought about at all.  That’s really interesting.


Every year I leave here knowing that I know less than I thought I did when I arrived.  I recommend that approach.  I suppose that’s the reason my house is filling with books, though now that I’m buying both print books and electronic books, I keep hoping that will mean the rate at which I acquire physical books is going to be reduced.
    

I leave Balisage with a long list of things I need to learn more about:  details of things I didn’t know about, aspects of specifications and tools I hadn’t known about, big things I need to know about, whole new specifications, capabilities, problems.  That’s a lot of what you’re going to pick here:  things to go learn about.
 

One of the things that I keep learning about is the limitations of my knowledge and the way that I reveal those in my use of language.  I, for example, cannot have an informed conversation with my nephew about Pokymon because I use the language incorrectly and it is clear that I don’t know what I’m talking about.  (I’m actually okay with not being able to have an informed conversation about Pokymon with a five-year-old.)  But I’m not so okay about not being able to have what sounds like an informed conversation about some of the things that I think matter to me, for example, semantics.  (Hey, I finally got to what I said I was going to talk about.)





The word “semantic”


I recently learned that I don’t know what the word “semantics” means.  This is interesting because I thought I did.  I thought I’ve known that for a long time.  Way back in pre-history — before I had ever heard of markup when the only use I knew for pointy brackets were mathematical expressions (some of us were not born knowing what chicken lips are good for, you know) — I thought I knew what semantics meant.  I thought semantics was the study of what words meant, and the study of semantics focused on how the meanings of words were created and changed and, occasionally, lost.  I had more than a casual interest in words and terms and their meanings; my first real job — after I escaped from the educational establishment — was as a lexicographer.  A lexicographer??  A person who creates dictionaries, or in my case, controlled vocabularies for search-and-retrieval systems.  Semantics was the heart of my work.  I thought I knew what semantics meant.  We were very careful to create controlled vocabularies that had a minimum of homophones in them and a minimum of ambiguity — notice we never promised we would get rid of either — we were very careful with selecting our terms and defining them to control the semantics of the datasets that were going to be indexed with them.  So, a long time ago I knew what semantics meant.


And then I got involved with markup.  I got there because the way we were creating these full-text databases that we were indexing with the controlled vocabularies I was making is that people typeset and printed this material, and the first two copies to come from the printer were then sent immediately to be processed into the full-text system.  So we waited until we had bound books, then we cut off the bindings, and we sent them to two different rekeying shops to be retyped.  Those two files were compared, and then we built a searchable database from them.


This was problematic.  Among other things, people had already proofread it once to make the print, and they didn’t want to do it again, besides which it took a long time and was expensive.  The full-text databases might take up to a year or year and a half after the print was out.  This was imperfect.  Very imperfect.


So, we started getting involved in ways we could make both the print and the database from the same source, and we had these pointy-bracket things that we were putting around parts of the document.  We had documents where parts of them laid out in a grid shape.  And there were two different ways that we could identify the information we wanted to see in a grid.  We could identify them by what kind of information it was, for example, “condition, patient age, and dosage.”  Or we could identify it in rows and columns; how did you want it laid out in that grid shape?  You could do a lot more with the information if you identified it by what kind of information it was — “condition,” “patient age,” and “dosage” — than if you had “first column,” “second column,” “third column.”  But it was a lot harder to set things so you displayed it in the grid shape you wanted it in.  You only did that for stuff that you had a lot of and it was worth spending effort on.


I learned that when you identified the kind of information it was, we called that semantic tagging.  And when you identified what cell in the table you wanted it in, we called that syntactic tagging.


Okay, this was related to what I thought I knew.  Semantics means “what it means,” and syntax means “what you want it to look like.”  Okay, we can work with this.


And then I learned that the line between syntax and semantics is a squishy line; it slides around.  Somebody explained it to me:  “If you understand how to cope with it, it’s syntax.  And if you can’t quite manage it — there’s a little magic in the formula — it’s semantics.”  (Actually, I think there may be something to that.)


I have recently learned that semantically-rich content is the key to future wealth:  precise searching, high quality retrieval, good health, great weather.  Or at least that’s what it seems like.  The “semantic web,” for example, is going to solve all of our economic, social, and perhaps even climate problems.  Some of the people promising these wonders berate me because I’ve advised clients to manage their content in ways that are not “future friendly,” specifically in ways that are not semantic.  Okay, what do we mean by that?


Well, I’ve advised them to identify names and given names and family names and to associate them with institutional and public identifiers; to identify institution names, street names, drug names; to identify if a drug name is a brand name, a generic name, or a street name.  I think identifying all that stuff in a document collection is creating a semantically-rich document collection, so why are these people so cross?


Because there’s no semantic tagging in those documents!  What??  Well, there isn’t a triple in sight.  Oh, I understand.  There is only one appropriate syntax for semantics now.  Whoops.


That’s just a little bit narrow-minded.  I wish it were really news; it actually isn’t.


A few years ago — actually, quite a few years ago, now that I think about it — someone asked for permission to include the proceedings of one of Balisage’s predecessor conferences in a topic map — Remember topic maps?  Topic maps were cool. — about things related to SGML (Does anybody remember SGML?)  So, after all the appropriate logistical details had been taken care of and the lawyers had all waived their hands and blessed this activity, I provided the necessary SGML files and instantly received back a howl of anger.  What could we have been thinking??  This data was unusable.  How stupid could we possibly be?  Didn’t we know that the point of creating SGML was to make it repurposable?  (Actually, I had thought that the point of creating that particular SGML was to create the proceedings for that event, not to accommodate unknown future users and to work with products that had not yet been invented, but perhaps not.)
  

So, what was the problem that caused this outrage?  The keywords were hierarchically structured; this was already problematic.  Worse, the nesting was indicated with colons!  This was outrageous.  It was unprofessional.  It was unacceptable.  It was slovenly.  It meant that they would have to preprocess the data before they could pour it into their tool.
  

I smell a failure of imagination.
   

These sorts of disagreements on the meaning of semantic don’t actually end there, and they didn’t end many years ago when we were talking about inconceivably badly structured SGML files because they contained colons.  My colleague, Debbie Lapeyre, who is sitting over there, was the JATS expert in a group of people who recently wrote a paper entitled “From Markup to Linked Data: Mapping NISO JATS version 1.0 to RDF using the SPAR Ontologies.”[1]


Her co-authors were astonished that, in this day and age, a respectable and respected vocabulary such as JATS could be totally lacking in semantics.  Her co-authors were shocked to learn that in JATS, for example, the names and the definitions of the tags embedded in the document identified what the information meant; there wasn’t a separate ontology that identified what the tags meant.


Perhaps even more peculiar to them was the fact that structures nest and context affects meaning.  For example, the tag <article-title> in the header of the document contained the title of the article, and the tag <article-title> in a citation in the reference list contained the title of an article being referenced by this article. That was very peculiar to them.


That and a variety of other oddnesses convinced them that either Debbie was from another planet or there were no semantics in JATS.  They were very kind to her.  I think they treated her as if she were an idiot savant, knowing a lot about this peculiar XML stuff, but knowing nothing about semantics … or anything semantic.


To give them credit, they did include a section in the paper that I think properly should have been entitled “Peering Through the Looking Glass.”  They called it something like “Philosophical Differences between RDF and XML” — which in fact they didn’t really address — in which they described the difficulty of describing in RDF terms data that is based on such a different philosophical point of view.  I wish they were here at Balisage because they were able to recognize that a completely alien viewpoint might not be stupid and might provide something of interest and importance to them.
     

We at this conference — each of us — are going to encounter a few completely alien viewpoints.  That’s one of the things the Balisage committee looks for as we select the papers.  When we get peer reviews back for Balisage papers, the papers we take instantly are the ones where some of the peer reviewers say “Yes, that’s brilliant!” and other peer reviewers say “No, that makes no sense.”  We like those papers!!  We like the alien viewpoints.


To circle back:  it’s not that I don’t think ontologies are useful.  I think they can be.  In some circumstances, they are very valuable indeed.  And I’ll even acknowledge that it’s possible — although in my opinion it’s far from a sure thing — that widely shared ontologies will be of increasing value.  I’m suspicious because I used to write ontologies, and I know how good many of them aren’t.  I don’t think links to ontologies are the only way semantically rich information can and should be created or managed.  I don’t think RDF triples are the only syntax in which semantic information can be created, managed, or stored.
  

I’m reminded of long passionate arguments at predecessor conferences to this one about what kind of information should be stored in elements and what kind of information should be stored in attributes.   People cared.  People got red in the face.  They banged on tables.
  

There were people who said all element content should be banned and all content should be stored as attribute values.  They were serious, and they thought it was important.


There were people who said attributes were nothing but syntactic sugar and should be banned from the language.  Everything should be element content; it would be much easier to process.  They were equally serious.
    

There were people who came up with complex formulations for what should be in which place.  My favorite one — which in some circumstances may be reasonable — was:  If the end user should see it, then it should be element content.  But if you use it to control the display or for other back room uses, it should be attribute content.  That makes sense until you realize that you can’t actually decide for all time for any content what users will see and what they won’t because the line between data and metadata is really fuzzy and keeps moving.
        

But this mattered to them.  It mattered to them a lot.  And then XSLT came along, and it seemed to occur as a flash of insight to huge numbers of people simultaneously that it was actually a pretty trivial transformation to take something that was attribute content and make it element content, and take something that was element content and make it an attribute value if you really cared.  We can change the syntax if it isn’t what we want for our tool at this moment.


Suddenly, that argument became moot.  Fortunately, I haven’t heard it in a while.


I suggest that much, if not most, of the posturing about the appropriate syntax for semantic information is or should be similarly moot.  It’s just not important.  And if you disagree with me, I guess I can’t punch you in the nose — we’re at Balisage.  And I’m not going to call you a nasty name because we’re at Balisage.  So, I’m going to ask you to explain why you think it matters in a clear and coherent fashion.  And I will remind you that if you explain it in a clear and coherent and respectful fashion, I might even change my mind and agree with you.  And if your argument is “because that’s the way my application wants to receive it,”  I will suggest that you go and buy a book on XSLT.


Which brings me back to Balisage.  This is a week that seriously stretches my imagination.  There are talks on the program that are on topics in which I have absolutely no interest; I’ll listen to some of them.  Perhaps I’ll find that I should be interested.  Perhaps I’ll find that I am interested.
  

In general, I have found that the more I know about anything, the more interesting it is.  (Except perhaps basketball.  I can’t manage to get interested in basketball despite working with a basketball fan.  You know, to me it’s just basketball.)
  

I suspect you will find that some of the talks at Balisage are “just basketball.”  You don’t have to be interested in everything, and you don’t have to pretend you are.  But consider going to some things you don’t think you’re interested in because you might be surprised.
  

This week I expect us to hear about new languages, new projects, new uses for old languages, new names for old technologies.  A colleague of mine recently told me that all the new ideas in computing are recycled and renamed from work the engineers at IBM did in the 1950s.  “They invented everything,” said my colleague.  For example, he insisted there is no such thing as “big data” — it’s just “volume.”  And all the things they’re inventing now to deal with big data such as link lists and indexes were invented in the 1950s by the guys at IBM.


I think he was exaggerating just a little.  But he does have a point.  We as a community are doing a lot of relearning, reinventing, and recycling.  I also think we are doing some new thinking, combining some old clothes into new outfits, knitting some new fabric — have I mixed enough metaphors in that sentence?  Can I get a few more in there if I try hard?


I have noticed the lifecycle of many languages seems to be similar, including many of the languages we’re going to be talking about here.  They grow out of a need for an easy way to do something. A person or a group of people find that it’s unreasonably difficult to do something that would be very easy with a tool that was designed to support what it is they want to do.  So, they design it, and some people build it, and users say “That’s wonderful!  But it also needs to do this and this and this to meet our needs.”  So they extend it.  And then more users show up and start using this wonderful tool … and say “But it also needs to do this and this and this.”  And it gets a little more flexible.  “And we need it to be a little more abstract so it has a little more flexibility.”
  

And before you know it, you have a turing complete language.  Cool, right?  This is great.  And people start using it for things the originators never imagined and that are completely unrelated to the original mission.  And at this point, two things happen.  First, a group of enthusiasts start talking about using this tool or language for everything, eliminating the need for other languages that are older and clearly competing.  And at the same time, some people — sometimes the same people, and sometimes different people — start talking about the need to simplify the language, removing features that are only used by a few fringe cases … like the original point of the language.  Watch for that at Balisage this year.  I think we have three or four papers that are really addressing just that.


Yesterday I heard someone say “I know I can do anything I need if I have a turing complete language, especially one that I like.”  Well, to be more precise, it was Michael Sperberg-McQueen, and what he said was “I know that I can do anything I need if I have a turing complete language, especially one I like, like XSLT.”  So, the question is:  How do we decide which languages to like?  Or perhaps, how do we convince other people to use the languages we like instead of the languages that they already know and already like?
  

It seems to me that we at Balisage have a joint interest in markup, marked-up documents, and tools that deal with marked-up documents.  And one of the challenges that many of us face is convincing people who have had this bizarre XML stuff thrust upon them to use tools that are markup smart.  To use the markup instead of treating an XML document as if it were a string.  Not that they can’t do everything they need to do using string processing tools — they most assuredly can.  But because that has them doing the same work two times, three times, four times … and maybe introducing errors.  When they are using our technologies incorrectly, we tend to get very angry at them.  Or we tend to feel sorry for them because they just haven’t been enlightened.
          

One of the things I challenge all of you to think about is how to persuasively explain to them that if they have markup, they ought to use it even if that means learning a new tool or a new way of thinking.


Balisage is a place to say what you think and think about what you think and why you think it.  My brother recently asked me what I thought about genetically modified food crops.  I said I didn’t know enough about them to have an informed opinion.  He said, “Most people don’t.  But what do you think?”  He was fishing for an uninformed opinion.
        

One of the joys of Balisage is that we will have a mixture of informed and uninformed opinions, probably both equally passionately stated.  One of the things I challenge you to do is to detect the difference, not only in other people’s informed and uninformed opinions — it really isn’t as simple as if they agree with you, they’re informed, and if they don’t agree with you, they’re uninformed — but also to challenge that in yourself.  How many of your opinions are informed, and how many of them are uninformed?  Can you tell the difference?


As you listen at Balisage, remember that the speaker may have a dramatically different point of view than you do.  Try to understand it.  Question the premises behind their point of view and their methods, processes, and conclusions.  But start from the assumption that they are smart people working on important problems and that they have made educated decisions that put them where they are, even if you find that surprising.  Maybe especially if you find it surprising.
  

When a speaker says something that contradicts something you know to be true, do not leap to your feet, rush to the floor microphone, and shout “You idiot!”  Figure out a polite way to ask a question that unearths the reason this person so clearly disagrees with you.  If possible, ask it in a way that convinces them to investigate the tool, technique, or position you hold.  You will be more persuasive if you are polite.


You will not agree with everything you hear.  It is my opinion that any statement that absolutely everyone agrees with is so bland there’s no point in stating it.


I recently went to a concert sponsored by the local folklore society where I live, held in a local church.  I got there early so I could get a good seat.  I was sitting with nothing to do for a few minutes, and being me, I picked up the local reading material and opened it.  What was there to read, sitting in the church?  There was the hymnal which had in its front cover the creed of this particular organization.  A full page of fairly small print in which I decided that there was not one statement with which any human being on planet Earth could disagree.  In other words, there was no content on that page.  This was what they believe — so does everybody else.  They weren’t telling me who they were.


We’re not going to have any of that sort of content-free talk at Balisage.  I don’t want to aim for them; I don’t want the speakers to give them.  I want the audience to respect the fact that there will be content in the talks and therefore there will be things we disagree with.  That’s a good thing.


State your positions, describe the reasons for them, allow for the possibility that there are things you don’t know — yeah, even you — and have a great time at Balisage.



 Notes
http://www.ncbi.nlm.nih.gov/books/NBK100491/

View note in Notes section

	[1]http://www.ncbi.nlm.nih.gov/books/NBK100491/
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using the following equation. The fracture work is calculated from the integral area of the

8.6.5.4 Pass/fail determination of maximum stress intensity factor

If at least eight of the results from 810 specimens are not less than 1,9 MPa m'/2, the material complies with the requirements of
5.2.10.

If at least six of the results are less than 1,9MPa m'’2, the material is deemed to have failed.

If three, four, or five of the results are less than 1,9 MPa m'”2, repeat the whole test; but on this occasion, prepare [i¥BIN@12 specimen
strips.

If at least [0 of the FBIVE1Z results are not less than 1,9 MPa m'/2 on the second occasion, the material complies with the
requirement of 5.2.10.

8.6.5.5 Pass/fail determination of total fracture work

If at least eight of the results from B0 specimens are not less than 800 J/m?, the material complies with the requirements of 5.2.11.
If at least six of the results are less than 900 J/m?, the material is deemed to have failed.
If three, fourj or five of the resuls are less than 900 J/m?, repeat the whole testj but on this occasion] prepare [EBREAZ specimen strips.

If at least IO of the FHBIVEAZ resuls are not less than 9001J/m? on the second occasion, the material is deemed to have complied with
the requirement of 5.2.11.
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Calculate the total fracture workj W, using the following equation. The fracture work is calculated from
the integral area of the load /é# curve
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lowing equationj
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by, hranda  are listed in 8.6.5.1, expressed in millimetres.

8.6.5.4 Pass/fail determination of maximum stress intensity factor

Ifatleast eight of the results from tenf] specimens are notless than 19 MPa m1/2, the material complies
with the requirements of 5.2.10.

If at least six of the results are less than 1,91MP3 m1/2, the material is deemed to have failed.

If three, four or five of the results are less than 1,9 MPam?/2, repeat the whole test] but on this occasion]
prepare esetred2 specimen strips.

If at least tenfl] of the evwebred2 results are not less than 1,9 MPa m1/2 on the second occasion, the
material complies with the requirement of 5.2.10.

8.6.5.5 Pass/fail determination of total fracture work

If at least eight of the results from tenflli specimens are not less than 900 ]/m2, the material complies
with the requirements of 5.2.11.

If at least six of the results are less than 900 ]/m2, the material is deemed to have failed.
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Ifat least of the mh’ﬂl;esults are not less than 900+J/m? on the second occasion, the material
is deemed to have complied with the requirement of 5.2.11.
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JQ Query
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xml |base | basexml 45 69 85 0 0 0 1
json |books |booksi-customjson  |204832 | 1933 410 10 4 5 11
json | books | books-fulljson 438133 |3758 720 40 14 19 55
xml | books | books1xml 256030 | 2412 497 20 39 21 161
xml | books | books2.xml 226430 | 2169 440 99 14 24 14 114
xml | books | books3uxml 186230 | 1819 397 99 10 8 10 49
json | epa epai-customjson 140914 | 13024 385 107 4 1 2 1
json | epa epal-fulljson 199025 | 14862 469 148 10 3 3 5
xml | epa epalxml 195201 | 14591 631 149 8 11 7 36
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json | ndc ndcl-custom.json 95093 8503 272 95 5 1 2 2
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xml | ndc ndc2.xml 153157 |8952 308 99 8 16 8 77
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json | snomed | snomed-fuiljson 501577 | 25757 735 178 33 13 91 19
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xml | spl spi3xml 87755 11262 251 108 4 3 4 26






OEBPS/assets/vol10/BalisageVol10-Lee01/22a5f62ef1bb-Lee01-014.png
30

25

20

15

10

«  gzip json jquery

+  gzip xml jquery

—— Linear (gzip json
iquery)

100000 200000 300000 400000 500000 600000 700000

800000






OEBPS/assets/vol10/BalisageVol10-Lee01/27f7632df748-Lee01-011.png
30

25

20

15

10

200000 300000 400000 500000 600000 700000 800000

= full json javascript
+ full xml javascript
—— Linear (full json javascript)

—— Linear (full xml javascript)






OEBPS/assets/vol10/BalisageVol10-Lee01/37753efcba75-Lee01-006.png
raw vs compressed
bytes/sec

- seriest
——Poly. (Series1)

7000000

0 500000 1000000 1500000 2000000 2500000






OEBPS/assets/vol10/BalisageVol10-Lee01/819ec0da524e-Lee01-017.png
" js_query,

mis parse

= network_compressed





OEBPS/assets/vol10/BalisageVol10-Lee01/aa1aba04412b-Lee01-016.png
16

1

= jquery_query
= jquery_parse

= network_raw






OEBPS/assets/vol10/BalisageVol10-Lee01/af36dd93cbbd-Lee01-010.png
json jquery_query
xml jquery_query

—— Linear (json jquery_query)
—— Linear (xml jgquery_query)

o e e

1000000 1200000

400000 600000 800000

200000

0






OEBPS/assets/vol10/BalisageVol10-Lee01/b62493aba418-Lee01-013.png
30

25

20

15

10

100000 200000

*  gzip json javascript
+ gzip xml javascript

—— Linear (gzip json
javascript)

300000 400000 500000 600000 700000 800000






OEBPS/assets/vol10/BalisageVol10-Lee01/c5fa18670b53-Lee01-018.png
 jquery_query

mjquery_parse

= network_compressed






OEBPS/assets/vol10/BalisageVol10-Lee01/c8f9fe0a80cc-Lee01-009.png
z
L T
Z =
A
o o
R
S £ ¢ €
T 3 2 X
5 S 2
s g g g
2 % 3 3
xii

400000 600000 800000 1000000 1200000

200000

0






OEBPS/assets/vol10/BalisageVol10-Cameron01/dcba5f55525a-Cameron01-005.png
Performance (cycles / byte)

60
50
40
30
20
10

=o—Xerces =M=icXML =A=icXML-p »

/

— —
e
jaw road po soap

0.2 0.4 0.6 0.8 1

Markup Density





OEBPS/assets/vol10/BalisageVol10-Lee01/c9538fe9e063-Lee01-003.png
Operating Systems = count

as0






OEBPS/assets/vol10/BalisageVol10-Cameron01/7b552e59a8b4-Cameron01-008.png
800
2 700
5 600
=500
-5

2 400
£ 300
= 200
S 100

W dcache-misses

M 1cache-misses

Xerces

icXML

icXML-p






OEBPS/assets/vol10/BalisageVol10-Cameron01/655b7d16fc95-Cameron01-002.png
[ \
| I
Character Set Adapter .
: Parabix :
| v Subsystem |
| I
] Parallel Markup Parser |
I| Line !
|| Column * !
|| Tracker :
: Content Preparation Unit |
| I
| v |
| I
| Content Stream Generator v |
I
|\ I R I Symbol Processor |y
S—fF—=—————a—=————
( A
| I
I v v |
I
| = Final WF Checking Namespace Processor :
I
| I
| I I
| I
| ) - |
| | Validation Sl
| _ I
| l |
| Markup |
| Processor [
| — Parser API = |
| I
N e e e e e e /






OEBPS/assets/vol10/BalisageVol10-Cameron01/b414c8d639e5-Cameron01-001.png
Transcoder

Scanner

Namespace
Binder

Validation

Parser API






OEBPS/assets/vol10/BalisageVol10-Cameron01/857c13e8e123-Cameron01-003.png
v






OEBPS/assets/vol10/BalisageVol10-Bilansky01/c5739b17f115-Bilansky01-003.jpg
Mosy-Dick

There is living literature.

And there is the archive.

For Derrida, the drive to archive is a
manifestation of the death impulse,
because it must be unmoving and
unchanging. Archive offers return to
the originary moment, the source of
ground truth. This requires texts to be
frozen in form and isolated in place:
“There is no archive without a place of
consignation, without a technique of
repetition, and without a certain
exteriority. No archive without
outside” (11).
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CHAPTER9
Updates, Transitions, and Motion

‘ol this point, we have usod only statc datases. But reakworld dat amost bvays
changss overtime And you mightwart your vieualzatior to rflect hose charges.

In D3 toms,thosechanges are hardled by updates. The visual adustmerts are made
proty with transitions, which can employ mofion for prceptual beneft

W start by generating a visualizator with one dataset, and then changie the data
compltdy.

Modernizing the Bar Chart

Lets revisit ourtrusty ol baschast i Figure -1

Figure 1. The barchar, s see st

you exarmine the codetn 01_bar_chart b, you'l e that we used ths satc daaset
Vi dtaset = 5, 30, 13, 19, 21, 5, 2 15, 3, 1,
118, %, 28, 8, 17, 6 B, 221
Since then, weveleamed how t writemore leviblecode, soour chart demerts resize
toaccor modatedifferert sz datasets (meaning shorterorlonge areays) and Aiffr-
entdata values (smallr or lnger rumbers). W accomplishe that lezbility g D
Scale, s T ke to tart by bingin our bar chartup o speed.

Ready? Okay.ust giveme a e

Updates, Transitions,
and Motion

‘Unilthis oo, we have e oy e dtsets. Butsebowerkd data st by
changes ovr . And you mightwant yourisualzaton o reflect those changes.
InD3terms, those changes arehandlied b updores Thevisualadustments axe
‘made prety with ransiions, which can employ mason for perczprual benel.
We'l start b generatng a visualizaton with one dataset, and then changing
e data completly.

Modernizing the Bar Chart
Leve revistour sy ol bar chartin i o

L ——

you cxaminethecode1ncx_bor.chars o, you'lscethat we used this st
duzr.

var dataset = 15, 1, 13, 9, 21, 5, 2, 18, 35, 13,
Er e R N

Sincethn, weve esened s toweie more fleble code, 0 our chastlneats
reize 0 accommodate diffrent sied datasets (meaning shrte o onger aays)
and diferent data vilues (smaller o Lasge nurmbrs). We accomplished thatflax-
iy using Dy scales o 1d e tosart by bringing our bar chartup o speed.

Ready? Okay, ust ave e asc..

Assasand, done! Thanks o waiting.
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1.3.2.1. Abbreviations of
Proper Names(.
Part 2 - Plumnbing Systems
2.1, General

2.1.1, Application
2.1.1.1, Application

2.1.2. Service Connections
2.1.2.1, Sanitary Drainage
Systers
2.1.2.2. Storm Drainage
Systers
2.1,2.3, Water Distribution
Systers
2.1.2.4 Separate Services

2.1.3, Location of Fixtures
2.1.3.1, Lighting and
Ventilation Requirements
2.1.3.2. Accessibility

2.2, Materials and Equipment
2.2.1, General

2.1. General

2.1.1. Application
2.1.1.4. Application

o 1) This Part applies to all plumbing systems covered in this Code, (See
Article 1.1.1.1. of Division A.)

2.1.2. Service Connections
2.1.2.1. Sanitary Drainage Systems

o 1) Every sanitary drainage system shall be connected to a public
sanitary sewer, a public combined sewer or a private sewage disposal system.

o 2) & combined building drain shall not be installed. (See Appendix £
2.1.2.2. Storm Drainage Systems

o 1) Every storm drainage system shall be connected to a public storm
sewer, a public combined sewer or a designated storm water disposal
tocation,
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22.4. Concealed Overflows

Code of Canada 1995 1) A dishwashing sink and a food preparation sink shall not |
Preface
iecli_on 1_General Requirements and 2.2.5. Water Closets in Public Washrooms
dministration

© Section 2 Materials and Equipment

2.1.1. Defects in Products and
Materials

2. Exposure of Materials 2.3. Traps and Interceptors
3. Restrictions on Re-Use
4. Identification 2.3.1. Traps
5. Pipe or Piping
6.
1
2
3

1) When a water closet is installed in a washroom for pub/ec

. Withstanding Pressure 3 : .
" Surface Requirements 1) Except as provided for in Sentence (2), every 732 shall:

. Conformance to Standards a) have a #30 sea/depth of not less than 38 mm,
Showers

NNRORRROPN

b) be so designed that failure of the seal walls will cause ex
ater Closets in Public

‘ashrooms ¢) have a water seal that does not depend on the action of r
2.3.1. Traps )
2.3.2. Interceptors (See Appendix A.)
2.3.3. Tubular Traps
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3.4.9 Waterproofing and Protective Treatment

3.49.1 Waterproofing.—While by paying careful attention to the
quality and proportioning of ingredients and the manipulation of the
mixture prior to and during placing, concrete can be produced that for all
practical purposes is watertight, special attention must be paid to the
construction of joints as set forth in Item 3.4.10.4%.

3.4.9.2 Concrete in Alkali Soils and Water.—\Where concrete
will be exposed to corrosive soils or ground waters, provision shall be
made by the use of a rich mix, special cement, protective coverings or
other means acceptable to the authority having jurisdiction to ensure
adequate durability.*

3.4.10 Details of Construction

3.4.10.1 Reinforcement.—

(a) Cleaning.—Reinforcement before being placed shall be clean and
free from coatings, including ice, that would tend to reduce the bond.
Where there is delay in depositing concrele, reinforcement shall be re-
inspected and cleaned when necessary.
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[6:2.3.12.] 6.2.3.12. Supply, Return, Intake and Exhaust Air Openings
[11) Supply, return and exhaust air openings located less than 2 m above the floor in raoms or spaces in buildings shall be
protected by grilles having openings of a size that will not allow the passage of a 15 mm diam sphere
[212) Outdoor air intakes are-exk: | b hal-bed o loeated-so-th

buiteling-is-situated: shall be located so that:
[3] --) lesated-so-that the quality of the air entering the buiding complies with Sentences 6.2.1.7.(2)-20185 and
(3)-2018, and

e dthey are separated a minimum distance from sources of contaminants
in accordance with Table 6.2.3.10. forminkmum-distanees:

Table [5.2.3.12.

Forming partof Sertence.

Lpestion.of & iskaSourte o Cortaminarts M Distnces of Outioor A1 ke, inm
Garage Eertry, Aauomobile Uoaring Aarea seand Dofive-in Gquee 45

Truck Uoaing Aarea or Delack and; Bous Bparking 76
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Table A-13
Maximum Spans for Douglas Fir ~ Larch Lintels - No. 1 or No. 2 Grade ~ Non-structural Sheathingt
Forming Part of Sentences 9.23.12.3(1) and (3)

Maximum Span, ma

Exterior Walls

Lintel Lintel
‘Supporting Size, mm ‘Specified Snow Load, kPa. Interior Walls
0 5 20 25 30
23580 3
Linted attc . b
siorage and 280184 This Area Intentonaly Let Blank 217
cellng 23803 265
2808 308
23660 28 23 213 o7 3 a7
Rootandeeling | 2:38x140 a2t 363 33 310 20 310
b 280184 550 i 4. 408 384 408
maximum)®) 23803 861 507 556 521 488 521
2808 766 622 64 500 566 500
238160 3 To7 0% 087 080 087
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Table 25.83.

Sizing of Branch Vents, Vent Headers, Clrcult Vents and Continuous Vents

Forming Part of Article 2.5.8.3.

Total Hydraulc Load
Served by Vent Ppe,

Size of Vent Ppe, inches

% [ 2 [ 3 T 4 7

fdure units Maximum Length of Venl Ppe, m
2
8 0 61
20 5 15 * Not Limited
2% 45 9 30
2 9 3
&0 45 15 120
100 11 7 £
200 9 76 275
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3.2.2.79. Group F, Division 3, up to 2

Storeys, Sprinklered

1) A building classified as Group F, Division
3is permitted to conform to Sentence (2) provided
) except as permitted by Sentences
3227.(1) and 322.18.(2), the building is
Sprinklered throughout,
b) it is not more than 2 storeys in building
height, and
©) it has a building area not more than
i) 7200 m? if 1 storey in building height,

or
i) 2400 m? if 2 storeys in building
height.

2) The building referred to in Sentence (1) is
permitted to be of combustible construction or
‘noncombustible construction used singly or in combi-
nation, and

) floor assemblies shall be fire separations

and, if of combustible construction, shall
have a fire-resistance rating not less than
45 min, and

3.2.2.82. Group F, Division 3, One Storey,
Any Area, Low Fire Load
Occupancy

1) A building classified as Group F, Division
3 s permitted to conform to Sentence (2) provided
itis

a)  not more than 1 storey in building height,
b)  used solely for low fire load occupancies
such as
i) power generating plants, or
i) plants for the manufacture or stor-
age of noncombustible materials, and
) not limited in building area.

2) The building referred to in Sentence (1)
shall be of noncombustible construction.

3.2.2.83. Group F, Division 3, Storage
Garages up to 22 m High

1) A building used as a storage garage with
all storeys constructed as open-air storeys and having.
1o other accupancy above it is permitted to have its
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Tubular Trapsx

Tiot have a water jacket
2.

3.

1) Tubular metal or plastic frgps conforming to ASME A11218 2(CAN/CSA-B135.3,
“Plumbing Waste Fittings,” shall be used only in accessible locations.

2.2.4. Pipe Fittings
2.2.4.1. Tand Cross Fittings
(See Appendix A)

1) AT fitting shall not be used in a dainage system, except to connect a vent ppe.

2.2.4.2.

2) 4 cross fitting shall not be used in a drainage syster
Sanitary T Fittings
(See Appendix A)

1) A single or double sanitary T fitting shall not be used in a nominally herizontal
soller-waste ppe, except that a single sanitary T fitting may be used to connect a vent ppe.

2) A double sanitary T fitting shall not be used to connect the frap ams of

) backoutlet water closets installed back-to-back, or
b)  Zurinals where no cleanout fitting is provided above the connection.
2.2.4.3. 90" Elbows

1) Except as permitted in Sentence (2), 90° elbows of 4 inch sz or less whose
centre-line radius is less than the size of the pipe shall not be used to join
2 soiligieiiasts ks

POWERED 81

(RS (GO (T
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PROPOSED CHANGE N MODIFICATION PROPOSEE

NBC05-03.02.04.11(01)rinsert- UE-F.doc: Page: 1 of/de 2
Document NBC 2005 Document
Provision 32411(1): 32411 (2-insert 2010 Exigence
Committee Use and Egress Comité
Minutes pef 171 02-2.9 TG Technical Differences Fire Alarm, SC UE 2003-06.01.02.9 Procés-verbaux

EXISTING PROVISION
3.2.4.11. Smoke Detectors

1) If a fire alarm system is installed, smoke detectors shall be installed in
@) each exit stair shaft, and

PROPOSED CHANGE
Replace Sentence 3.2.4.11.(1); Insert new Sentence 32.4.11.2)
Other Code Provisions Affected: None

3.2.4.11. Smoke Detectors

1) If a fire alarm system is installed, smoke detectors shall be installed in

€) except as permitted in Sentence (2)-2010, each exit tair shaft, and

RATIONALE

Problem
It was noted that this ULC standard permits the exclusion of smoke detectors in stairwells that are unheated. This is due to
the high frequency of false alarms. Currently detectors with electronics are not tested to temperatures below 0 degrees.

‘The Task Group agreed to develop a proposed change to permit an exception to the installation of smoke detectors in this
type of situation.

Justification - Explanation
Reduction of false alarms.
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CODE PROVISION EXIGENCE DU CODE
EXISTING PROVISION EXIGENCE ACTUELLE
9.3.2.9. Termite and Decay Protection 9.3.2.9. Protection contre les termites et la pourriture

1) Inlocalities where termites are known to occur,

&) clearance between structural wood elements and the a)
finished ground level directly below them shall be
not less than 450 mm and, except as provided in
Sentence (2}, all sides of the supporting elements
shall be visible to permit inspection, or

b} structural wood elements, supported by elements in b)
contact with the ground or exposed over bare soil,
shall be pressure-treated with a chemical that s toxic
to termites.

1) Dans les localités ot Ia présence de termites a été

décelée

il doit y avoir un dégagement d'au moins 450 mm entre
les éléments dossature en bois et le sol fini situé
directement au-dessous et, sous réserve dut
paragraphe 2), toutes les faces des éléments porteurs
doivent atre visibles pour en permettre linspection;
ou

les éléments d'ossature en bois qui sont supportés par
des éléments en contact direct avec le sol, ou exposés
au-dessus du sol nu, doivent étre traités sous pression
avec un produit chimique toxique pour les termites,
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Canadian Commission on Building and Fire Codes 5691

Proposed Change to NPC10 Div.B 2.2.4.2.

CP test 22.4.2. insert new sentence 2
NPCI0 DivB 2.2.4.2.

EXISTING PROVISION

2.2.4.2. Sanitary T Fittings
(See Appendix A)

1) 4 single or double sanitary T fitting shall not be used in a nominally horizontal soi-or-waste pipe, except that a single
sanitary T fitting may be used to connect a vent pipe.
2) 4 double sanitary T fitting shall not be used to connect the trap arms of
a) back outlet water closets installed back-ta-back, or
b) 2 urinals where no cleanout fitting is provided above the connection.
1-2.2.4.2. Sanitary T Fittings in Drainage Systems. 4 sanitary T fitting may be used to change the diection of flaw in a

Irainage system from horizontal to vertical, but may not be used to change the direction of flow in a nominally horizontal drainage
ystem. A combination ¥ and 1/8th bend fitting may also be used as shown in Figure A-2.2.4.2.(b)

PROPOSED CHANGE

[2:2.4.2.] 2.2.4.2. Sanitary T Fittings
(See Appendix A)

[11) A single or double sanitary T fitting shall not be used in a nominally horizontal soil-or-waste pipe, except that a single
saritary T fitting may be used to connect a vent pipe

[212) new sentence 2,

[312) A double sanitary T fitting shall not be used to connect the trap arms of
[] &) back outlet water closets installed back-ta-back, or
[b] b) 2 urinals where no cleanout fitting is provided above the connection.
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or
(b) less than 5 m above the exit stair or ramp.

(3) Exceptas provided in Sentence 3.4.4.3.(1),
where an exterior exit door in one fire compartment is
within 3 m horizontally of an unprotected opening in
another fire compartment and the exterior walls of
these fire compartments intersect at an exterior angle of
less than 135°, the opening shall be protected with
wired glass in fixed steel frames or glass block
conforming to Article 3.1.8.14.

3.2.3.14. Wall Exposed to Another Wall

(1) Except as provided in Sentences
3.2.3.13.(1) and 3.2.3.20.(4), where an opening in an
exterior wall of a fire compartment is exposed to an
opening in the exterior wall of another fire compart-
ment, and the planes of the 2 walls are parallel or at
an angle of 135° or less, measured from the exterior
of the building, the openings in the 2 fire compartments
shall be separated by a distance of not less than D,
where

3.2

16. Protection of Soffits

(1) Where there is a common attic or roof space
above more than 2 suites of residential occupancy or
above more than 2 patients’ sleeping rooms, and the
common attic or raof space projects beyond the exte-
rior wall of the building, the soffit and any opening in
the soffit or other surface of the projection located
within 2.5 m of a window or door opening shall be
protected by

(a) noncombustible material not less than

0.38 mm thick and having a melting point
not below 650°C,

(b) plywood not less than 11 mm thick ,

(c) strandboard or waferboard not less than
12.5 mm thick, or
(d) lumber not less than 11 mm thick.

(2) The soffit protection required in Sentence
(1) shall extend the full width of the opening and to
not less than 1.2 m on either side of it, with no
unprotected opening into the soffit within this limit.





OEBPS/assets/vol10/BalisageVol10-Nordin01/41c2546e7f12-Nordin01-005.png
Section 2.4. Drainage Systems

2.4.1.

2.4.1.1.

2.4.2.

2.4.2.1.

Application

1) This Section applies to sanitary drainage systems, storm drainage systems, combined
building drains or combined building sewers.

Connections to Drainage Systems

Connections to Sanitary Drainage Systems

1) Every fixture shall be directly connected to a sanitary drainage system, except that
a) drinking fountains may be
i) indirectly connected to a sanitary drainage system, or
i) connected to a storm drainage system provided that where
the system is subject to backflow, a backwater valoe s installed
in the fountain waste pipe (see Appendix A),

b) drainage pans on heating/cooling units may be connected to a storm
drainage system provided that where the system is subject to backflow, a
backwater valve is installed,

) a floor drain may be connected to a storm drainage system provided it is
located where it can receive only clear-water waste or storm water,
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9.8.3.1. Straight and Curved Runs in Stairs

9.8.3.1. [663] Straight-and-Gurved-Runs-in-StairsGeneral
(See Appendix A)

9.8.3.1.[670] Straight and Curved Runs in Stairs

9.8.3.1.[702] Straightand Curved Runs in Stairs General

1) Exceptas provided in Sentence (2), sairs shall consist of
2) straight-run flights, or
b) curved flights

= [663]) _All tapered treads within a flight shall turn in the same direction

1[670]) Exceptas provided in Sentence (2), stairs shall consist of
2) straight-run flights, or
) curved flights.

4[702]) Exceptas provided in Sentence (2), stairs shall consist of
2) straight-run flights, or

b) curved flights
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5) Where hangers are used to support nominally horizontal piping, they shall be
a) metal rods of not less than

1) 6 mm diam to support piping 2inches or less in size,

) 8rmm diam to support piping 4 inches or less in siz, and

i) 13 e diam to support piping over 4 inches in sizz, or
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epigraph Define an environment for Epigraphs. These would normally go
\chapter immediate after the \chapter command. This is basically the quotation
quotation environment modified, but it has to allow for either manual or automated
citation (because it may just be a phrase needing no citation), whereas a
normal quotation ymust be cited. It therefore has two arguments,
described below:

1290 \newenvironment{epigraph} [2] [\relax] {%

Record the argument values now, because they are needed in the end of
the environment, so they have to pass across the group boundary. The
compulsory argument is for a BIBTEX citation key, so that a proper citation
can be formatted; the optional argument is for when a pre-formed, ‘full’
(actually often simpler, non-rigorous) citation is wanted.

1291 \gdef\Cfullcite{#1}%
129 \gdef\equotcite{#2}%

Like the default Quotation, this is done with a dummy 1ist environment,
but we add small italic type and no indentation.
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Syntax tree for //chapter[.//videoobject]/title

B xawey
B Lucene auery

collection()

PATH=chapter,* videoobject AND PATH=chapter title

predicate child::title

PATH=title

PATH=chapter,* videoobject

descendant descendant::videoobject

PATH=chapter PATH=videoobject
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to 11 ringleaders of the world’s largest software counterfeiting syndicate today. The
sentences, ranging from 1.5 to 6.5 years, include the longest sentences handed down for
this type of crime in China’s history. Based in the southern China province of
Guangdong, members of the syndicate were arrested by Chinese authorities in July
2007, following an international investigation led by China’s Public Security Bureau
(PSB) and the FBI. Microsoft and hundreds of Microsoft customers and partners also
provided information which assisted in the investigation.

The 11 accused were part of a criminal syndicate responsible for manufacturing and
distributing more than an estimated $2 billion (U.S.) worth of high-quality counterfeit
Microsoft software. The counterfeit software, found in 36 countries and on five
continents, contained fake versions of 19 of Microsoft’s most popular products and was
produced in at least 11 languages. ['Microsoft greatly appreciates the work of China’s
PSB and the FBI in taking strong enforcement action against this global software
counterfeiting syndicate,” said David Finn, associate general counsel for Worldwide
Anti-Piracy and Anti-Counterfeiting at Microsoft. “Unfortunately, software counterfeiting
is a global, illegal business without borders. Criminals may be on the other side of the
globe and may not even speak the same language, but they prey upon customers and
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“This case is also a strong demonstration of the improvement in criminal law
legislation and enforcement of intellectual property rights in China,” said Zhao Bingzhi,
president of the Criminal Law Research Committee of the China Law Society and vice
president of the China Group of the International Association of Penal Law.

Evidence provided by Microsoft customers through the Microsoft piracy reporting tool
proved to be essential in tracking down this criminal syndicate. Tens of thousands of
customers used Microsoft’s anti-piracy technology in Windows Genuine Advantage] to
identify the software they were using as fake. In addition, more than 100 Microsoft
resellers played a key part in helping to trace the counterfeit software and provided
physical evidence critical to building the case, such as e-mail messages, invoices and
payment slips.
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