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      Brown University Women Writers Project
Syd_Bauman@Brown.edu

      
        Syd Bauman began working at the Women Writers Project in 1990. Although his title
          would have you believe that he is a computer programmer, Syd is fond of pointing out that
          he doesn’t write that much actual code. When he does, it is usually in XSLT, Bash, Perl,
          or Emacs Lisp, and is always copylefted.

        Syd became a hard-core computer user in 1982, and a devotee of descriptive markup two
          years later. He began using SGML and the TEI when he came to the Women Writers
          Project.

        From 2001 to 2007 Syd served as North American editor of the TEI. During his tenure
          Syd became interested in the differences among negotiated interchange, blind interchange,
          and interoperability, and how these processes inflect our thoughts on document
          design.

      

      

    

      Abstract
This paper explores some of the ramifications of the inherent tension between the desire
        to analyze our own data and to share it with others — between our desire to be expressive
        and our desire to be conformant — particularly with respect to
          interchangeability vs. interoperability,
        positing that focusing on interoperability is to focus on sharing at the expense of
        analysis.

    
    Keywords: XML, TEI, interchange, interoperate, liberty, equality

  
      Copyright © 2011 Syd Bauman, right of attribution reserved.

    
    
  
    Teaser
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        Interchange, interchange, where have you been? / I’ve asked “interoperability —
          is it a sin?”

        Interchange, interchange, where have you been? / I’ve asked interoperability: “is it a
          sin?”

      

      
    
Figure 1.pussycat in front of Thermes de Cluny, I think. Taken 2006-07-05.

The two captions above ably demonstrate that markup (in this case
          typographical, not XML) has meaning. In both cases, the narrator asks the personified
            interchange where she has been. In the first case, interchange responds
          by stating that she has asked the question is interoperability a sin.
          Whereas in the second case, she replies by stating that she has asked the personified
          interoperability whether or not it is a sin (whatever it
          is).


  
  
    Introduction

    In the digital humanities, we encode texts for three primary reasons: 

        	
          to help ensure longevity of the digital object, at least in internet time

        

        	
          to help us analyze or explore the text in a manner congruent with our research or
            teaching

        

        	
          to help us share the text with others, whether for reading, similar analysis, or for
            analysis we might not have thought of or even imagined (and whether delivered in digital
            form or in print; and whether for profit, professional accreditation,
            
            or altruistic reasons)[1]

        

      

    The first goal (longevity) can be met by using a very common, well-defined, open standard
      character encoding (i.e. Unicode), and by sticking to human-readable, well-defined, open
      standard text formats (e.g. TeX or XML). That is, by avoiding any proprietary or binary formats.[2]

    The second goal (analysis) can be met by sticking to what we used to call “descriptive
        markup”JAS but is now better described as “indicative logical markup”R2, and developing a sufficiently detailed description of your data for the
      purposes envisioned. That is, to develop a markup system that separates out the parts of the
      document you find interesting and describes that which is interesting about them in sufficient
      detail.

    The third goal (sharing) can only be met if the others you are sharing with understand
      that which you are sharing. It does you no good whatsoever for me to send you a manuscript
      transcription in a proprietary binary format which your computer cannot read, and not much
      good to send it in an open text format you do not understand. In order for you to make use of
      the transcription, we need to have a shared understanding of both the operating details and
      semantics of the markup language used.

    However, because the details of humanities texts that scholars wish to engage with and the
      assertions scholars wish to make about these texts are (almost definitionally, I daresay) so
      widely varied, no single markup language could possibly represent them all. That is, no markup
      language can meet the second goal for all scholars simultaneously. A given markup language can
      represent some of the analytic needs of all of the scholars, and all of the analytic needs of
      some of the scholars, but it can not represent all the analytic needs of all of the scholars.
      This holds whether the markup language is a widely used standard language like TEI, or a
      home-grown language specific to the purpose.

    Even if the third goal were about sharing data with a particular individual, a shared
      language would be required — in order for a language to be shared, both the sender and the
      receiver, regardless of discipline, whether they know each other or not, or whether they can
      even talk to each other or not, must agree on it, even if only implicitly. But in fact the
      third goal is about sharing data in a collaborative fashion with almost arbitrary interested
      parties. In this case, an agreed upon and widely known markup language is required.

    The TEI Guidelines try to be that language. The full title of the
      impressive and ubiquitous guidelines is Guidelines for Electronic Text
        Encoding and Interchange (emphasis provided).
      But with the advent of TEI, the focus, I claim, has been more on
        interoperability than on interchange. This paper
      will explore the meaning of the two terms, particularly with respect to the aforementioned
      goals of text encoding, and the impact of trying to achieve interchangeability or
      interoperability on encoding languages (TEI in particular) and thus the communities
      served.

  
  
    Definitions

    Standard dictionary definitions of these terms do not provide a particularly useful perch.
      E.g. the online edition of the Oxford English Dictionary definition of
        interchange (as a noun) includes the concept of reciprocity: The
        act of exchanging reciprocally; giving and receiving with reciprocity; reciprocal exchange
        (of commodities, courtesies, ideas, etc.) between two persons or parties.
      oeinch. Merriam-Webster’s definition of the verb
        interchange is more succinct, but still has at its core the idea of
      reciprocity, i.e. of swapping places: to put each of (two things) in the place of the
        other
      mwinch.

    The Guidelines do not formally define the term, but the meaning can be gleaned from the
      operational definition provided: The TEI format may simply be used as an interchange
        format, permitting projects to share resources even when their local encoding schemes
        differ.
      http://www.tei-c.org/release/doc/tei-p5-doc/en/html/AB.html#ABAPP2.

    As for interoperable, the OED is quite succinct, but somewhat
      unhelpful: Able to operate in conjunction.
      oeinop Merriam-Webster is mildly helpful, although it is not clear whether
      their systems include humanities encoding systems: ability of a
        system (as a weapons system) to work with or use the parts or equipment of another
        system
      mwinop.

    The Guidelines occasionally use the word interoperability (4 times),
      but never define it. I would like to interpret the use of interchange and
        interoperability in the Guidelines as implying that they are different:
        As different sorts of customization have different implications for the interchange
        and interoperability of TEI documents, …
      http://www.tei-c.org/release/doc/tei-p5-doc/en/html/USE.html#CFOD.
      However, it is possible that the author of that sentence thinks of interchange
      and interoperability as synonyms, and is just trying to be emphatic or
      completely clear.

    But moreover, these are not the definitions the designers of TEI (and perhaps other data
      interchange systems) had in mind when they originally discussed interchange, whether
      negotiated or blind. E.g., back when TEI P1 was released (1990-07), many of the concerns about
      interchange were concerns about just getting the data from one machine to another with the
      same characters. Only then could you worry about the syntax of the encoding system and the
      semantics of the particular encoding language.

    It is no small accomplishment that today character fidelitous
        interchange is easy. It has taken the advent of more standardized character
      encoding (i.e., ISO 10646 and Unicode), more widely and uniformly supported transport
      protocols (e.g., FTP and HTTP), standard encoding schemes to work-around 7-bit mail gateways
      (e.g., base64 encoding), and standard ways to indicate content type (e.g. MIME), for us to be
      able to transport files from one place to another with such ease that we barely think about
      it. These great strides in computer technology allow us to take faithful transmission of a
      series of characters for granted; thus I will not consider it further in this paper.[3] Rather here I consider these terms in light of the syntax and semantics of the
      documents in question, rather than in the operational details of how to move the documents
      from here to there.

    So, for purposes of this discussion of the transfer of encoded information from one party
      to another, I’d like to present operational definitions of these terms as follows.[4]
    

    
      
        	negotiated interchange

        	
          you want my data; we chat on the phone or exchange e-mail and talk about the format
            my data is in, and that which your processor needs; eventually you have the information
            you need, and I send you my data; last, you either change my data to suit your system or
            change your system to suit my data as needed. Both human communication and human
            intervention are required.

        

      

      
        	blind interchange

        	
          you want my data; you go to my website or load my CD and download or copy both the
            data of interest and any associated files (e.g., documentation or specifications like a
            TEI ODD, a METS profile, or the Balisage tag library); based on your knowledge of my
            data that comes from either the documents themselves or from the associated files (or
            both), you either change my data to suit your system or change your system to suit my
            data as needed. Human intervention, but not direct communication, is required.

        

      

      
        	interoperation

        	
          you want my data; you go to my website or load my CD and download or copy the data
            of interest; you plug that data into your system. Little or no human intervention is
            required, and certainly no direct communication.

          Interoperability is not symmetrical. For example, this paper conforms to the
              Balisage Conference Paper Vocabulary. If I plug it
            into a generic DocBook processor, presto, it works. (That is, I get quite
            reasonable output.) This does not imply that a generic DocBook document will work in the
              Balisage workflow. After all, DocBook defines over
            380 elements; Balisage uses only 70 or so. It would be
            unreasonable to expect the Balisage processor to handle
            the ~310 elements which it never expects to see. Thus the Balisage language is interoperational with a generic DocBook processor,
            but the DocBook language is not interoperational with the Balisage workflow.

        

      

    

    So an interoperable text is one that does not require any direct human intervention in
      order to prepare it to be used by a computer process other than the one(s) for which it was
      created. There are two caveats worth mentioning, here. 

        	
          Merely for the sake of simplicity, certain lame interventions like
            changing the path in the SYSTEM identifier in the DOCTYPE declaration may be exempted.
            That is, I am not here going to consider how much human intervention is required to
            disqualify a text from being interoperational. I am not suggesting that there is no
            line, only that it is a matter for future work and consideration.

          Note that I am, however, precluding the possibility that any
            human intervention disqualifies a text from being interoperational. E.g., I would not
            consider a human issuing the command needed to ask a given process to operate on a
            particular text human intervention for this purpose.

        

        	
          In many cases of document exchange, the recipient of a file will write a program
            such that future iterations of the same process do not require human intervention. In
            this case, the target process has changed from P to P′, such that the document, which
            can be considered interchangeable with respect to P, is interoperational with respect to
            P′.

        

      

  
  
    Variants of Interoperability

    Using these definitions of interoperability, of course, means that whether or not a
      document can be considered interoperational depends very much on the process with which we
      would like to interoperate. For simple enough processes, every XML file
      is interoperational. That is, any XML file will operate with the process. Consider, e.g., the
      process that counts elements in a file (count(//*)): no matter what
      non-conformant, arbitrarily invalid, or silly TEI documents you send this process, no human
      intervention will ever be needed.[5]

    But there are cases toward the other end of the spectrum, as well. It is hard to imagine a
      process that could read in an arbitrary conformant TEI file and typeset a book matching the
      publisher’s house style from it. Take, for example, just the case of getting headings into the
      proper case. If house style is that headings should be title-cased with acronyms in small
      caps, some of the following perfectly reasonable, valid, conformant TEI
        <head> elements will be very hard to process properly. 

        	
          <head>Surgery via LASER: right for you?</head>

        

        	
          <head>Surgery via LASER: Right for You?</head>

        

        	
          <head>SURGERY VIA LASER: RIGHT FOR YOU?</head>

        

        	
          <head>Surgery via <abbr>LASER</abbr>: right for
              you?</head>

        

        	
          <head>Surgery via
              <choice><abbr>LASER</abbr><expan>Light Amplification by
              Stimulated Emission of Radiation</expan></choice>: right for
              you?</head>

        

        	
          <head>Surgery via
              <choice><abbr>LASER</abbr><expan>light amplification by
              stimulated emission of radiation</expan></choice>: right for
              you?</head>

        

        	
          <head type="main">Surgery via LASER</head><head
              type="sub">right for you?</head>

        

        	
          <head type="main">Surgery via LASER</head> <head
              type="sub">right for you?</head>

        

        	
          <head type="main" rend="post(: )">Surgery via LASER</head><head
              type="sub" rend="break(no)">right for you?</head>

        

        	
          <head type="main" rend=":after{content(: )}">Surgery via
              LASER</head><head type="sub">right for you?</head>

        

      

    The point here is that being interoperable is not a static, independent feature of a
      document. Being written in French, being a standalone XML document, these are static,
      independent features. But being interoperational depends entirely on which application you are trying to interoperate with. That is,
      interoperationality is very context dependent.

  
  
    Interoperability is Difficult

    Many XML user communities will at least bristle at my assertion that interoperability is
      difficult, and some people will even object, using their own projects as counter-examples. For
      example, it may be quite easy to take documents in SVG or Triple-S and use them in an application other than the one for which they were
      originally written. But I hold that interoperationality is not just about use of XML data in
      current predicted applications (I will want to use this file in an SVG viewer),
      but rather is also concerned with the use of data with both unintended applications (e.g.,
      linguistic analysis of survey questions) and future applications (e.g., submitting a set of
      vector graphics images to software that makes a mosaic of them).

    Notice that I am being (deliberately) self-contradictory, here. I am suggesting that
      interoperability is always contextual, that we need to know what application we are trying to
      operate with in order to measure our success at interoperationality; and simultaneously that
      in order to be considered interoperational, a document should work with applications that are
      not only unforeseen, but haven’t even been written yet. If the application has not been
      written yet, it is obviously impossible to know whether or not our data will work with it. It
      is this very contradiction that drives me to say that interoperationality is hard. We cannot
      know the various contexts in which we would like our files achieve interoperationality.

    [image: Pushmi-Pullyu]
        
        
      
Figure 2.Pushmi-PullyuOne take on the Pushmi-Pullyu. A somewhat more authentic take (IMHO) as available as a
            video on
          YouTube


    This contradiction does not necessarily make interoperationality difficult for a language
      like SVG, which has both very tight operational (as opposed to declarative) semantics and a
      sharp focus on particular kinds of processing. But TEI is a declarative language that is
      intended to record, for various disparate purposes, an enormously wide array of texts (to wit,
      those of interest to humanities scholars). Thus its semantics are necessarily somewhat looser,
      its ambitions are sky-high, and its field of view is very wide.

    For example, consider an application (present or future) that for some purpose wishes to
      process the authorial words in the main content of a TEI-encoded document; that is, we need to
      parse out the words, but ignore things like metadata, running heads, editorial notes, chapter
      titles, etc. Many TEI projects have had reason to extract the words in this
      way, and have found it not particularly difficult to do. But doing so for a generic TEI file turns out to be impossible, and many people find
      this surprising. (Remember that TEI, like many languages, is really a framework for building a
      particular markup language with many, but not all, features in common with other TEI
      languages.)

    Before demonstrating that this is impossible, I will first elaborate on one of the reasons
      it is hard: end-of-line hyphenation. In order to parse words out from the input document, we
      need to know whether a hyphen at the end-of-line is hard or soft. In many cases this is
      obvious to a human (pro-tection vs. pro-choice), but in some it
      is not at all clear (e.g., Sea-markCeHx), and it is generally
      harder for computers than for humans. The TEI currently (P5 v. 1.9.1) provides at least five
      different methods for encoding soft hyphens at end-of-line, three of which might use different
      characters for the representation of the hyphen itself (which is displayed as a hyphen
      (U+002D) in the listing below), and some previous releases of TEI allowed even more. This may
      strike some as silly or even excessive, but in most cases these choices make sense. For
      example, the TEI cannot prescribe to scholars who are not remotely interested in original
      lineation or soft hyphens that they record these features.

    
      pro-
      tection

      protection

      pro<lb break="no"/>tection

      pro-<lb/>tection

      pro-<lb break="no"/>tection
    

    The multitude of encoding methods for soft hyphens at end-of-line would not be a problem
      if an application could easily query the document and ascertain which encoding was used. The
      good news is that TEI does actually provide a specific construct[6] for encoding how end-of-line hyphens are handled. The bad news is that the
      vocabulary available to describe the different encodings is insufficient to the task;
      furthermore, it is optional, and many, if not most, projects do not use it.

    End-of-line hyphenation is but one of many problems that make extracting just the
        words from generic TEI files difficult. Some, however, actually make it impossible.
      For example, in TEI annotations or notes are recorded in a <note> element,
      whether the note is an aside, an annotation, a footnote, marginalia, a textual note, a comment
      to the encoder’s manager, or whathaveyou. The TEI provides a @type attribute for
      differentiating these different kinds of a note; but since there is no
      pre-determined controlled vocabulary for this attribute (rather, projects are expected to come
      up with their own vocabularies), and furthermore the attribute is not required, generic TEI
      processing software cannot really do much with it (at least not without human intervention).
      Thus while it is easy for any given project (which knows how annotation vs. textual notes were
      encoded) to differentiate, it is impossible for general-purpose TEI software to do so.

  
  
    Interchange is (not) Difficult

    Some might think that, on the surface, interchange is harder than interoperation. After
      all, it requires human intervention. And certainly dropping a file into a system and
        presto it works is far easier than doing work to get your system to process
      the file as desired. But we’re talking here about the effort needed to make a file that is
      interoperable vs. interchangeable. As I’ve just described, for many purposes it will be
      impossible to process a random TEI file with a given system without intervention. Thus however
      difficult it is to make interchangeable files, it is easier than making interoperable
      ones.

    The bad news is that it can take quite a bit of work to make a file easily interchangeable
      with generic future processes. The good news is that the effort put into making it
      interchangeable does double-duty, and simultaneously increases the data’s longevity by making
      curation of the file easier. (After all, porting a file forward to a different platform of
      some sort is a process, and we can think of the file as being interchangeable with that
      process.)

    The reason it takes work to make a file interchangeable is because (in general) it
      requires that the semantics, not just the syntax, of the encoding be explained to the humans
      involved with consuming the file. In order to know which <note> elements
      should be ignored, our prospective word-counter needs to know what the various possible values
      of the @type attribute mean. Yes, one can imagine a system in which the values
      are inherently obvious to one who speaks the natural language which the values (which are
      arbitrary NCNames) are designed to mimic ("authorial",
        "transcriptional", etc.), but this is not the general case, and moreover there
      is no guarantee that the future consumer of the file speaks that natural language or uses
      those terms the same way.

    Thus contemporaneously generated detailed prose documentation of the indicative logical
      markup constructs used to mark up a text can significantly facilitate the use of the text in
      future systems and processes, both those we can predict and those we cannot, both by those
      that generated the text and by unforeseen recipients of it. Put more succinctly, providing
      descriptions of the descriptive markup can make future interchange of a document possible
      where it might have been impossible, or easy where it might have been hard.

  
  
    Interoperability vs. Expression

    
      Inequality will exist as long as liberty exists. It unavoidably results from that very
        liberty itself.

      
     Alexander Hamilton GM
      

    It is an old chestnut of political theory that liberty and equality are at least at odds
      with one another, if not completely incompatible societal goals.[7] Any economic system, social engineering, regulation, or legislation that enforces
      equality will limit liberty, and any that encourage liberty will make equality less likely to
      obtain.

    Liberty in general, and freedom of thought, speech, and the press in particular, drive
      both individuals and (more importantly) society to improve.

        It is not by wearing down into uniformity all that is individual in themselves, but by
          cultivating it and calling it forth, within the limits imposed by the rights and interests
          of others, that human beings become a noble and beautiful object of contemplation

        
       John Stuart Mill OL
        
 In society at large, the free expression of ideas — be they true or false, good
      or bad — improves the society as a whole and the condition of mankind in general, for in the
        marketplace of ideas eventually the true and good win out.

    That said, there are societal advantages to equality as well. A pure communist society
      eliminates not only relative poverty and hunger, but also alienation and class
      oppression.

    Likewise (I claim), interoperability and expressiveness are competing goals constantly in
      tension with each other. While the analogy is far from exact, interoperationality is akin to
      equality, and expressiveness is akin to liberty. And the very advantages ascribed to political
      liberty in the social sphere can be ascribed to the liberty of expressiveness in the encoding
      of humanistic texts. The free expression of scholarly ideas embodied in the encoding of a text
      puts our encoding systems to the test, and helps to improve them.

    
    Those areas of an encoding system that are designed to make the resulting documents more
      equal to all the other documents that will be used in the target process and thus more
      interoperational are going to curtail the encoder’s liberty to be expressive. Those areas of
      an encoding system that are designed to permit the liberty of expressiveness (e.g., the
        @type attribute of <tei:note>) are going to permit documents
      that are less like (i.e., less equal to) the other documents intended to be consumed by the
      target process, and thus less interoperational.

    Said another way, to make her document (more) interoperational, an encoder either needs to
      know the application semantics of interest ahead of time, or needs to stick rigidly to
      prescriptions (sometimes, but not always, expressed as schemas) that she believes the target
      application (which may not be known) will be able to understand. But rigidly sticking to the
      encoding that (she thinks that) the target application needs, or encoding to the
        stylesheet robs the encoder of the ability to be expressive in ways that (she
      believes) might not be correctly handled by the target application. Common sense says this
      could result in, and my experience says this often does result in, encoder’s deliberately
      using encodings that are substandard, less faithful to the document, or outright incorrect per
      the encoding language, in order to achieve the desired results.

    In the general case, interoperationality (at least of random TEI-encoded files) is
      impossible. But that does not stop encoders from striving for it, and in so doing curtailing
      their own ability to express the features of interest to them in individual ways. While this
      is not always a bad thing, differing expressions of content are part of the force driving
      scholarship forward and cannot be entirely forsaken for the short-term goal of avoiding the
      work needed for interchange as opposed to interoperation.

  
  
    Expression and Interchange

    
      Freedom is nothing else but a chance to be better

      
    Albert Camus

    For humanistic scholarship variation of expression is a necessity. Ask a room full of
      scholarly editors to examine a document in their field, and you will have as many
      interpretations (i.e., encodings) of the document as there are editors. And no matter how
      expressive your underlying language is, if you ask enough scholars you will come across cases
      where the interpretation of the document cannot be straightforwardly expressed in the standard
      language. Additional expressiveness, a deviation from the standard, will be required.

    Just making such deviations silently is a recipe for disaster. Consumers of the document
      will presume that it adheres to the standard and will find the more expressive bits either
      uninterpretable or, worse, will interpret them incorrectly.

    But carefully documenting such deviations has multiple benefits: 

        	
          the process of creating the documentation focuses the encoder on the essentials of
            the interpretation

        

        	
          the documentation can help push the standard in a certain direction, or be used by
            others with similar needs to avoid re-inventing a wheel

        

        	
          the documentation will help future consumers of the document avoid incorrect
            interpretations

        

        	
          the documentation will help future custodians of the data to curate it

        

      

  
  
    Conclusion

    
      Order without liberty and liberty without order are equally destructive.

      
    Theodore Roosevelt

    
      	
        Whereas an attempt to make a document interoperational with a particular process or
          application is likely to result in tag abuse;

      

      	
        Whereas an attempt to make a document interoperational with any (or an array of)
          unforeseen and future processes or applications is likely to result in decreased
          expressiveness (perhaps to the point of defeating the initial purpose of the
          encoding);

      

      	
        Whereas relying on real-time or near real-time human-to-human communication to relay
          the information required in the exchange of (non-interoperational) documents can be
          inefficient and limits the potential set of document recipients to those with the
          capability to communicate with the encoder;

      

      	
        And whereas generating sufficient formal and natural language documentation to make
          blind interchange at least possible if not easy is useful to the current encoders writing
          the documentation, to current and future recipients of the encoded documents, and to
          future curators of the documents;

      

      	
        Let us hereby decree our common goal of supporting blind interchange over mindless
          interoperability and chatty negotiated interchange.

      

    

    In summary, since interoperationality (equality) is often bought at the expense of
      expressivity (liberty), interoperability is the wrong goal for scholarly humanities text
      encoding. Practitioners of this activity should aim for blind interchange. This still requires
      a lot of adherence to standards (e.g., TEI), but eschews mindless adherence that curtails
      expression of our ideas about our texts.
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            interfunction, for one-way interoperability. I chose that term in
          order to evoke both the idea that something (in this case a text document) works, or
          functions, across some boundary; and the fact that in mathematics as well as computer
          science a function is not (in general) commutative: 
Equation (a)

            y = f(x) ⇏ x = f(y)
          

 or, more precisely 
Equation (b)

            f(x,y) ⇏ f(y,x)
          

 However, I am uncomfortable with my use of that term: we need to think about
          one-way interchange, as well. Thus I believe more consideration is required in this area,
          and have removed it from this paper.
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Yes, that may be too trivial for words. But in a 2009 talkNW2009
          Norm Walsh presented the results of a study counting which steps were used in XProc
          pipelines. He didn’t care what the pipelines did, only what steps
          (i.e., XML element types) they used. For his purposes, any valid
          XProc document was interoperational.
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The @eol attribute of the <hyphenation>
          element..

      
View note in Notes section
It is not so much a chestnut that no one takes issue with it, though. See tri and LaE.
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            Abstract
Creating and using XML documents in a closes system gives a false sense of “All’s
                Well”. A Closed XML system is one where a single party creates and uses the XML
                documents. Certainly this happens all of the time. We all create little XML
                documents with one-off throw-away models for one task or another that only we use.
                These documents will not be the focus here. When documents are created in a closed
                XML workflow and sent to another entity - such as an archive - for reuse, publishers
                can quickly learn that the content they have been accumulating is not useful for
                anything outside of their system and may not be useful if their own systems are
                upgraded or changed. 

            The checks and procedures that must be put in place to support XML interchange
                between entities should be applied within closed XML systems to keep the content
                usable and useful.

        
        Author's contribution to the Work was done as part of the Author's official duties as an NIH employee and is a Work of the United States Government. Therefore, copyright may not be established in the United States. 17 U.S.C. § 105. If Publisher intends to disseminate the Work outside the U.S., Publisher may secure copyright to the extent authorized under the domestic laws of the relevant country, subject to a paid-up, nonexclusive, irrevocable worldwide license to the United States in such copyrighted work to reproduce, prepare derivative works, distribute copies to the public and perform publicly and display publicly the work, and to permit others to do so. 

  
    I have been working on the PubMed Central [PMC01]repository at the National Library of Medicine for 11 years. My role
        there is to ingest XML from different publishers and transform it into the JATS format
            [JATS01] for inclusion in our database. In this
        role, I have seen a lot of article SGML and XML content and had to make decisions on whether
        it was of a consistent quality to be included in the PMC database or not. 

    Sometimes we have problems with content that is submitted to PMC. We see content that is
        not well-formed, not valid to the schema that is being used, tag abuse and other
        inconsistencies in how the elements and attributes of the XML model have been
        applied.

    PMC accepts content in many different XML formats, but well over 50% of the content being
    supplied currently is in one of the JATS models. Both the Archving and Interchange and the Journal Publishing
    models use the XHTML table model; the CALS table model is supplied in the Tag Suite but not used 
    in these two models. A wonderful example of content no longer being valid outside of a closed system
    involved a modification of the DTD to call in the CALS table model. The DTD was expanded correctly, and 
    everything ran fine on the publisher's system. However the DTD files were not given a new name. Also, the 
    PUBLIC and SYSTEM IDs used in the DOCTYPE declaration in the instances were those that were defined 
    for the Journal Publishing Model. 

    When this content arrived in PMC, the PUBLIC ID was resolved the the standard Journal Publishing DTD 
    (without the extra table model), and all of the instances were invalid.

    When we provide feedback on the sample XML supplied during the PMC evaluation process
            [Beck01], the response we most often here from the
        publishers is "We paid a lot of money to get this XML. It works on our website, so we know
        it is good."

    It is obvious that if inconsistent and invalid content works in their system that they are
        creating and using their content in a Closed XML System.

    
        What Is a Closed XML System?

        A closed XML system is a system where the XML files never leave the system or are
            never used by anyone other than the creator. We have all created little XML documents
            with one-off throw-away models for one task or another that only we use. 

            An  example would be if you were creating a To Do list application to run 
            in XML for your own use. First you would figure out what you want to track and probably 
            start with a sample document. 

        
            <todolist>
                <todo>
                    <due month="07" day="08" year="2011"/>
                    <reminder month="07" day="01" year="2011"/>
                    <task>Finish Balisage Paper.</task>
                </todo>
            </todolist>
        

        This works for a while, and then you decide to add a second reminder.

        
            <todolist>
                <todo>
                    <due month="07" day="08" year="2011"/>
                    <first-reminder month="07" day="01" year="2011"/>
                    <second-reminder month="07" day="01" year="2011"/>
                    <task>Finish Balisage Paper.</task>
                </todo>
            </todolist>
        

        And maybe a way to add custom messages.

        
            <todolist>
                <todo>
                    <due month="07" day="08" year="2011"/>
                    <first-reminder month="07" day="01" year="2011">
                        <message>Just one week left to finish the paper.</message>
                        </first-reminder>
                    <second-reminder month="07" day="01" year="2011">
                         <message>Time to call Tommie to get an extension.</message>
                        </second-reminder>
                   <task>Finish Balisage Paper.</task>
                </todo>
            </todolist>
        

        As this simple model has evolved, you've kept up with it with your XSLT or XQuery that you are 
            using to process the To Do list. You can handle a <reminder>, a <first-reminder>, and
            a <second-reminder>, both with and without <message>. The To Do list works fine because, 
            although you have inconsistent data, you were able to make allowances for it in your processor
            when you made the changes to the model. 

        This is not a problem, because you control both ends of the process and nothing is showing 
        up unexpectedly. Confusion could arise if you shared your data with someone else who had to figure
        out what the difference was between a <reminder> and a <first-reminder> and what to do 
        with those that have messages and those that don't.

            But these little
            documents are not the focus of this paper. 

        Coming from the document publishing side of the XML world, I am going to concentrate
            on document content XML: journal articles, books, book chapters, reports. But these
            'rules' apply to any XML that is intended to be saved, used or reused. Certainly this
            would apply to both document and data XML applications. 

    
    
        XML Interchange

        A not-closed XML system is one where there is some interchange of XML. This could be
            interchange between organizations, interchange between departments in an organization,
            or between individuals. Interchange can be an sharing of content between entities, but
            it could also be between steps in an XML workflow.

        The submission of papers for this conference is an example of XML interchange. The
            author creates XML to be used by the conference committee for peer review and
            (hopefully) publication in the conference proceedings. 

    
    
        A Classic Communication Model

        Wiener's modification of Shannon's classic communication model (see Fig. 1; Wiener01, 
            Wiener02, 
            Foulger01) can be applied to XML interchange.
            In the communication model, there are two actors, the sender (information source) and
            the receiver (destination).

        [image: Interactive Communication Model]
                
            
Figure 1.Interactive Communication Model
        The communication in Fig. 1 contains the following steps: 

                	
                    The Information Source creates a Message.

                

                	
                    The Message is converted into a Signal and sent by the Transmitter.

                

                	
                    The Signal may be acted upon or interfered with by Noise - some third
                        party or environmental activity. 

                

                	
                    The Received Signal is converted into a Message by the Receiver.

                

                	
                    The Destination receives the Message.

                

                	
                    The Destination provides feedback to the Information Source. 

                

            

        Of course, this feedback is another message, with the original Destination as the
            Information Source, but what is important here is that the Receiver acknowledges or
            confirms the Message. (At this point, the Balisage audience should all be nodding their
            heads in agreement.) The feedback is a critical element of communication. It allows the
            sender to know whether the message is getting through and to make adjustments necessary
            to make the communication successfull.

        This model can be applied to any communication. For example a telephone conversation: 

                	
                    Person A (Information Source) says "XML is great!" (Message) into his
                        telephone.

                

                	
                    Telephone (Transmitter) converts sound to electrical Signal

                

                	
                    The cell drops out (Noise).

                

                	
                    Person B's telephone (Receiver) converts the Received Signal into sound
                        (Message).

                

                	
                    Person B hears, "XML is gray---".

                

                	
                    Person B provides feedback: "Gray?"

                

            

    
    
        What can go wrong with XML - The four layers of "bad"

        XML can go bad on several levels. These levels were beautifully and simply illustrated
            by [Bauman01] in "The 4 'Levels' of XML
            Rectitude". The TEI examples in this section are his. 

        The first thing that can go wrong is that the XML is not well-formed. Simply the basic
            rules of XML are not followed.

        <titleStmt>
  <title>Fun!</head
</titleDesc

        
Figure 2.Not Well-Formed XML
        If the document is well formed, the next potential problem is validity. Does the
            syntax of the XML match the schema?

        <note href="#there" >
  <div>
    What? In TEI, <gi>div</gi> is
    not allowed in <gi>note</gi>.
  </div></note>

        
Figure 3.Invalid TEI XML
        Assuming that the document is well-formed and valid, next you have to worry about
            Sensibility. XML constructions that do not make any sense are not good to anyone. 

        <caesura xml:space="preserve"/>
<respStmt>
  <name><catchwords/></name>
  <resp><height unit="cm"/></resp>
</respStmt>

        
Figure 4.Nonsense XML construction
        Finally, if the XML is well-formed, valid, and is sensibly constructed, the content
            may just be wrong. 

        <quote who="#Washington" >
  <time dur="PT4H7M"]] > Four score and
  seven years</time> ago our fathers
  brought forth on this continent a
  new nation …</quote>

        
Figure 5.Just wrong content
    
    
        Applying the communication model to XML Interchange

        We can apply the classic communication model to interchange of XML between
            entities.

        [image: XML Interchange in the Communication model]
                
            
Figure 6.XML Interchange in the Communication model
        Fig. 6 shows how the communication model can be applied to XML
            interchange between parties. The steps in this communication are: 

                	
                    The Information Source creates some Content.

                

                	
                    The Content is encoded into a file based on an XML Model and sent. 

                

                	
                    The file may be acted upon or interfered with by Noise. 

                

                	
                    The file is converted into Content with the XML Model.

                

                	
                    The Destination receives the Content.

                

                	
                    The Destination provides feedback to the Information Source. 

                

            

        For our purposes, we can simplify this model somewhat by removing the Noise. Certainly
            there can be noise in XML interchange, but I see noise that occurs in the transfer of
            files as a Systems problem and outside the scope of this discussion. 

        There is another change we need to make, which is at the root of our discussion. Just
            as there may have been problems encoding and decoding the Message into and out of the
            Signal in the communication model because the Transmitter and Receiver are not the same
            entity, we need to note here that the XML is encoded with the Sender's XML model and
            decoded with the Receiver's XML model (see Fig. 7). 

        [image: Modified XML Interchange model]
                
            
Figure 7.Modified XML Interchange model
        So, if the Sender's XML Model is not exactly the same as the Receiver's XML model,
            there will be distortion of the Content, just as there is distortion of the Message if
            the Receiver is not decoding the signal as the Transmitter encoded it.

        Because XML is intended to be machine-processed content, we can run some tests after
            the XML has been received. First, we can test Well-Formedness with any XML parser.
            Well-formedness is defined by the XML Specification.

        The rest of the tests require some agreement between Sender and Receiver, either
            explicitly ("I am going to send you this article in DocBook 5 format.") or implicitly -
            where the XML file identifies itself. Either way, we can test for validity by processing
            the file with the agreed-upon schema. 

        Next, content Sensibility can be checked with a content-application-level tool such as
            a Schematron or other application-specific checking tool like the PMC Stylechecker. For
            example, it would be trivial to write a Schematron rule to check the schema-valid but
            Nonsense XML in Fig. 4. If the application thought that a <height> element with
            units but no value was not "correct", a test could be added for that; similarly if
            <catchwords> was not something you wanted to see in <name>, you could have a
            test for that. But, Sensibility checking at this level comes with a price, which is even
            greater communication between Sender and Receiver. 

        All of this Sender/Receiver communication is for one goal: to get the Sender's XML
            model and the Receiver's XML model to be as closely aligned as possible. This works
            pretty well in XML systems where content is transferred between entities, because the
            receiver is accustomed to running at least well-formedness and validity checks on
            incoming content. 

        [image: XML Interchange model with checks]
                
            
Figure 8.XML Interchange model with checks
    
    
        Closed Systems

        In a closed XML system, the Sender and Receiver are the same entity. This greatly
            simplifies the XML interchange model (see Figs 9 and 10). 

        [image: XML Interchange in a closed system.]
                
            
Figure 9.XML Interchange in a closed system. 
        [image: Actually the Information Source and Destination are the same Entity.]
                
            
Figure 10.Actually the Information Source and Destination are the same Entity.
        In Fig. 10, things have gotten very simple with the Information Source
            and Destination collapsed. And in some cases things are quite simple here. The danger of
            a closed XML system is that it gives a false sense of "All's Well." There are several
            things that happen in closed systems. First, one entity controls both ends of the pipe. 

        For example, one person can be responsible for tagging articles for a magazine and
            building the rendering software that renders the articles on the web in HTML. When a new
            object appears in an article, the only requirement for the XML tagging is that it works
            in the renderer. 

        Generally in these systems, the only test that things are OK is that the XML is
            working in the system; that is, in a system that was created to fit each twist and turn
            in the evolving XML model. If XML tools are used, then well-formedness tests come along
            for the ride, but validation against a schema (if there is one) is deemed unnecessary
            and complicated. After all, "Our XML works".

        In a closed system, "Garbage In" is OK, because you control both ends of the pipe,
            know the garbage is coming through, and build something to deal with it when it comes
            out the other end. Sometimes Garbage In is OK.

        And if it works, that is great. The real price for this closed system won't come due
            until you either have to send your XML to someone for reuse or reuse it yourself.

        Switching to an XML Interchange workflow from a closed system can be humbling and
            expensive. Any Destination that will be taking your content will expect it to pass all
            four levels of XML Rectitude, will actively check well-formedness and validity against a
            schema, and will seek information on tagging conventions (sensibility) expecting (or at
            least hoping for) some consistency in the tagging. 

        If the XML corpus has not been subjected to these checks throughout there will be big
            problems with reuse of the content by an outside entity. 

        Similarly, when everything about your XML system is in one geek's head, you will have
            trouble maintaining the system, let alone changing it or upgrading it when that geek
            moves on to greener pastures. 

    
    
        Standards are the answer?

        Actually not really. Using a standard model like the TEI, DocBook, or the JATS will
            get you schemas and some information on best practices for tagging, but there is no
            forced validation. Also, in closed XML Systems, there is no penalty for Tag Abuse. That
            is, if the standard schema does not have an element for an object, you can just tag your
            content any way you like. Because you control both ends of the pipe, 

    
    
        Requirements for XML Interchange

        There are two requirements for any XML Interchange, and they both come from an
            agreement between the Information Source and the Destination.

        
            	
                Validation - XML files must be well-formed and valid against an agreed-upon
                    schema.

            

            	
                Defined tagging practices - XML files will be tagged consistently in a manner
                    that makes sense.

            

        

        These two requirements for interchange are the same ones you will need to run a
            consistent, sane system over time. 

         If xml interchange is like a conversation, than a closed system is like listening to
            the voices in your head. 
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      Abstract
XML has been designed for creating structured documents, but the information that is
        encoded in these structures are, by definition, out of scope for XML.
        Additional sources, normally not easily interpretable by computers,
        such as documentation are needed to determine the intention of specific tags in a tag-set. The Component
        Metadata Infrastructure (CMDI) takes a rather pragmatic approach to foster interoperability between XML instances
        in the domain of metadata descriptions for language resources. This paper gives an overview of this approach.
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    Introduction

     XML documents are commonly used to exchange data. The strict definition of the
      Markup-Language resulted in a variety of tools and every XML instance (given it is
      well-formed) can be processed by of-the-shelf tools. XML has been designed for
      creating structured documents, but the information that is encoded in these structures
      are, by definition, out of scope for XML.
      Therefore, generic identifier like p can have different meanings, depending
      on which concrete markup language (or here: XML tag-set) is used. For example, in the case of
      HTML it denotes a paragraph while it may denote something completely different in another
      tag-set. An XML schema language, e.g. like DTD, XML Schema or RelaxNG, define a
      grammar for a given markup language and thus valid XML instances can be told apart from
      invalid ones, but they do not provide any inherent semantics to “understand” the XML
      instances. The necessary knowledge to interpret a markup language usually exists in the form
      of human-readable documentation and is “out of reach” for the computer. However, when trying
      to exchange (more or less) arbitrary XML instance some form of knowledge is needed to
      interpret these documents. The topic of the semantics of markup has been mostly discussed from
      an academic point of view, see e.g. sperberg-mcqueen2011. 

     The Component Metadata Infrastructure (CMDI) takes a rather pragmatic approach towards
      adding some semantics to XML to allow exchange of metadata descriptions encoded in various
      metadata formats in a (slightly adapted) XML encoding. This is done by linking generic
      identifiers to semantic concepts in a data category registry and thus allow more profound
      interpretation of the markup. The CMDI approach is set in the domain of metadata descriptions,
      but may be generalized to be used within other domains.[1]
    

  

  
    Component Metadata Infrastructure

     The Component Metadata Infrastructure is developed in the context of the CLARIN project
        (varadi2008). CLARIN aims at building an integrated and interoperable
      research infrastructure for language resources. The goal is to provide a stable, persistent
      and accessible infrastructure for the eHumanities. One important aspect of CLARIN is to enable
      easy sharing of language resources. This will allow researchers to use existing resources as a
      basis for their work, e.g. by optimizing their existing or new tools, by building derivative
      resources or expose their resources to a broader audience. Therefore, to make this
      infrastructure more usable, resources need to be easily accessible, in particular easily
      findable. The most common approach towards achieving this is to provide descriptive metadata
      about these resources and use these information to find resources of interest for a particular
      researcher. 

    Part of this context is also an already large installed base of metadata descriptions
      available using fixed metadata schemas as IMDI3013 and OLAC.
      Although the quality of the metadata is sometimes questionable, it would be unacceptable to put
      a new framework into place that would lock out these existing metadata resources

     Since CLARIN is a rather large, diverse project, different project members have different
      opinions on how to adequately model the metadata for their types of resources. For a lot of
      existing resources extensive amounts of metadata descriptions are already available. It seems
      naïve to assume that agreement on a common metadata schema for a large-scale project like
      CLARIN can be achieved and will most likely result in the least common denominator, e.g. Dublin
      Core (DC, baker1998), losing a lot of the express power that is used in
      existing metadata, as would using a “pivot” schema, both would result in information loss.
      
      CLARIN tries to solve the problem by the Component Metadata Infrastructure (CMDI), which is
      basically a framework to accommodate for different XML-based metadata formats. CMDI provides,
      supported by various tools, a framework and work flows for creating metadata formats and
      metadata descriptions as well as semantic foundation for processing metadata descriptions. 

    
      Framework overview

       CMDI is a framework (see Figure 1, “Overview of the CMDI framework.”) to build component based
        metadata descriptions. A metadata component is basically a collection of atomic metadata
        fields or data categories (DatCats) and describes a specific aspect or dimension of a
        resource, e.g. the title of a document, the creator or the native language of a subject in a
        video recording. Components can have a recursive structure, i.e. in addition to atomic
        fields, the components can also contain other components. Thus, components serve as small
        building blocks or reusable templates for a specific aspect of a resource. Together with a
        header, these components are combined into metadata profiles, each of which can be used as a
        schema for metadata instances. Both, components and profiles can (and should) be stored in a
        component registry, which is a directory of components to be reused in different contexts.
        Users can either reuse existing profiles for their metadata descriptions or create new
        profiles by reusing or creating new components, either manually or with a specialized
        component editor. Various profiles already exists in the component registry, e.g. for IMDI,
        OLAC, Dublin Core or the TEI header.[2]
      

      
        The storage of the schemas in a centralized infrastructure is common practice for metadata schemas, 
        though of course this adds the problem of sustainability to the process, inasmuch as the repository 
        of schemas needs to be constantly available. 
        Though this could be seen as problematic in principle for pragmatic reasons it seems more appropriate 
        than to use local copies with modifications, because it makes sure that tools can operate on the centrally 
        stored files. For a metadata archive, a local store of schema copies could be instantiated, but this would 
        result in the requirement to adjust the schema reference, for interoperability this could cause an additional 
        problem. Hence the use of a central infrastructure is probably the safest solution and in the context of an 
        infrastructure of data and services most likely to be sustainable. This is also consistent with the approaches
        described by Rehmetal2010.
      

      
        
        Each metadata field is linked to exactly one data category in a data category registry (DCR)
        using a persistent identifier. The DCR indicates how the content of the field in a metadata
        description should be interpreted. If the same data category is used in various metadata
        schemas, the reference to the DCR will still be the same. This is also independent of the
        concrete naming of the XML element, including names, cases and orthographic variants.
        
        For example, the field title in titleStmt in the TEI header is linked
        to the same category as the title in Dublin Core. 

       In the CLARIN project the preferred concept registry is the ISO data category registry
          ISO-DCR. This registry is an
        implementation of the ISO 12620 standard model for data categories and offers ample
        functionality for the needs of the CMDI framework. For the CMDI framework it makes no
        essential difference if another registry such as for instance the
        DCMI is used. However the ISO-DCR does have a tight integration with other CMDI software
        components such as the component editor, for efficient searching for suitable data categories
        or even combining metadata modelling with defining new data categories. 

       The component registry contains CMDI components and profiles. If a metadata creator
        needs to describe a (for him) new type of resource, he can browse through the available
        profiles and see if there is one that suits his needs. If there is no suitable profile
        available he can create a new one, based on existing components or he can create new
        components and work these with existing ones into a new profile. 

       When creating metadata elements in new metadata components users can browse and search
        for entries in the ISO-DCR to find a concept that matches the semantics of the metadata
        element. The identifier of the concept is then automatically inserted in the metadata
        component specification. 

       To create metadata descriptions users load profiles into the metadata editor, which then
        can automatically generate forms based on the metadata profile. The user then fills out these forms
        to enter the data. Of course users may also use an XML editor to create metadata descriptions
        directly and use the provided XML schemas (see below) to validate the XML documents. 

       The resulting metadata records are offered for harvesting by
        OAI-PMH
        and gathered in one or more central repositories. 

       Multiple ways to exploit the collected metadata are foreseen ranging from systems doing
        simple keyword search to those using faceted browsing or structured search. In all of these
        semantic mapping using the ISO-DCR plays a crucial role. When a user specifies a metadata
        query, the ISO-DCR then allows to expand this query into set of equivalent ones that will be
        able to retrieve metadata records where a different terminology than specified in the
        original query. The identifiers of the terms in the query are used to find equivalent terms
        and these are then used to generate an additional query. E.g. when a user queries for
        titleStmt an additional query is generated for title,
        since titleStmt is linked to title via the ISO-DCR. 

      [image: Overview of the CMDI framework.]
          
        
Figure 1.Overview of the CMDI framework.

      
        As mentioned before, a metadata component describes various aspects or dimensions of a resource.
        Figure 2, “Schematic representation of the metadata component for “Actor”” shows a schematic representation of a very simple example
        metadata component “Actor”.
        It contains two atomic fields “firstName” and “lastName” and refers to another component “ActorLanguage”,
        which contains a repeatable[3] atomic field “actorLanguageName”.
        An entity “Actor” therefore consists of a first name, a last name and a list of languages. 
      

      
        In CMDI components are expressed in XML files. Figure 3, “XML representation of a metadata component for “Actor”” displays the “Actor”
        component in the CMDI component XML specification tag-set. CMD_Component elements define new components,
        CMD_Element elements new atomic fields. The ConceptLink attribute is the most important aspect
        in terms of interoperability, because it stores the link to a DCR, or more specific the PID of a data category.
        Software interpreting the component definitions can use this concept link to draw further conclusions from information,
        like establishing an equality relation be between different field in different metadata schemes and use this,
        e.g. for smart searching. The component descriptions are normally transformed to XML Schema using an XSLT transformation.
        These XML Schemas are available from the component registry and can e.g. be used in special metadata editors or plain XML
        editors to aid the user in creating metadata records. Figure 3, “XML representation of a metadata component for “Actor”” shows an example instance
        of an “Actor” component. In a complete CMDI metadata record the component together with and one or more links to the
        described resource are wrapped with a header.
      

      Especially in connection with the standardization efforts mentioned in Conclusion, TEI ODD
        will be evaluated as an alternative apparatus for defining metadata components.            
      


      
  Other representation formats such as RDF, OWL and Topic Maps do not seem appropriate for the description of the metadata in comparison to CMDI. It is obvious, 
  that CMDI due the recursive structure of defining components can become rather complex, but the structures are at least assumed to be human readable and structured 
  according to a human prose text on a resource. 
  In contrast to this, the RDF-family is not requiring the linear order, presenting the RDF-triples in arbitrary order. 
  Though CMDI documents can be rendered in RDF (and probably in OWL and Topic Maps), the struture of CMDI is more transparent and usable to human users. CMDI is also 
  not a form of knowledge representation, in which the concepts of a resource are described, but it is intended to provide structured information about a resource for 
  human users. 



      [image: Schematic representation of the metadata component for “Actor”]
          
        
Figure 2.Schematic representation of the metadata component for “Actor”

      <CMD_Component name="Actor">
  <CMD_Element name="firstName" ValueScheme="string"
               ConceptLink="http://www.isocat.org/datcat/CMD-123">
  <CMD_Element name="lastName" ValueScheme="string"
               ConceptLink="http://www.isocat.org/datcat/CMD-124"/>
  <CMD_Component name="ActorLanguage" id="ActorLanguage"
                 CardinalityMin="0" CardinalityMax="unbounded">
    <CMD_Element name="ActorLanguageName" ValueScheme="string"
                 ConceptLink="http://www.isocat.org/datcat/DC-1766"/>
  </CMD_Component>
</CMD_Component>

      
Figure 3.XML representation of a metadata component for “Actor”

      <Actor>
  <firstName>Foo</firstName>
  <lastName>Bar</lastName>
  <ActorLanguage>
    <ActorLanguageName>Kilivila</ActorLanguageName>
    <ActorLanguageName>French</ActorLanguageName>
  </ActorLanguage>
</Actor>

      
Figure 4.XML instance of a metadata description record for “Actor”
    

    
      Tools

      For the use of the Component Metadata Infrastructure, various tools exist, some being
        reused from other contexts, others were explicitly developed in this context. Among them are
        editors, registries and search applications, which will be described briefly.


      
        ISOcat: the Data category registry for ISO TC 37

        The data category ISOcat iso12620 stores data categories and
          implements ISO 12620:2009. It is a specialized concept registry, historically developed
          for data categories used in terminology exchange. However, the concept was so flexible and
          useful that it was extended to further areas, including linguistic resource management
          with all required metadata categories.

        As a web-based registry for data categories and concepts, ISOcat can be extended by
          additional data categories as required by users to cater for the individual project
          needs. Data categories can be defined privately or publicly, submitted for
          ISO-standardization or not.

        Each data category in ISOcat receives a Persistent Identifier (PID) which is used to
          reference to it, especially suited to be included in metadata and schemata of linguistic
          resources to foster semantic interoperability. Some schema languages, e.g., TBX XCS and
          TEI ODD, have built-in support to embed these PIDs into the schema. However, more generic
          schema languages such as Relax NG and W3C XML Schema do not, but with the definition of
          attributes schemas in these languages can easily be extended to include them.

      

      
        The CMDI Component Registry

        The Component Registry is also a web-based service, but currently not part of an ISO
          standard. Within the Component Registry, users of CMDI can store their metadata components
          and profiles. But it not only allows storage, but also contains editing functionalities. 

        In the CMDI Component Registry each component is also assigned an identifier that is unique 
          in the context of the component registry, in order for other components to integrate it.
          Additionally this component identifier can be used as a reference for the profiles, that is,
          
          the instances document type declaration and namespaces can point to the component registry
          for their XML Schema.

      

      
        Arbil: The CMDI supporting metadata editor

        A special challenge for any metadata framework is the creation of instances, which needs to be easy
          and user friendly. As CMDI is highly adjustable and flexible, this poses additional
          complications. With the metadata editor Arbil, there is an XML-Editor that is aware of
          CMDI-structures and connects to the component registry downloading the available (schematized)
          CMDI profiles. Since there can be very many, the user can limit the number of CMDI profiles that
          are actually shown in the user interface

      

      
        Relation Registry

        
        
          The CMDI Relation Registry (RR) is designed to augment a limitation in ISO-DCR and allow
          the metadata search user to create (temporary) simple relations between different data categories in the ISO-DCR. 
          The ISO-DCR can overcome “accidental” semantic overlap between different terms, i.e. two metdata
          developers used different terms but agree on the same definitions. The RR can be used by users searching
          the metadata to overcome intentional semantic overlap, i.e. the metadata modelers decided that two terms
          actually mean different things, but where the user decides that this difference is irrelevant for
          him. He would specify the relation “Term1” == “Term2” and the semantic mapping machinery
          of the metadata search would expand every query with “Term1” with one that also uses “Term2”.
        

      

      
        Joint Metadata Repository

        
         The joint metadata repository (JMDR) is the place where all the harvested CMDI metadata records are stored.
          The harvesting method is the well-known OAI-PMH, currently there is not yet a registry where the
          CMDI metadata providers are registered, but such a registry is under consideration.

        
          There may be several of such joint metadata repositories, each specializing in one type of metadata search service. 
          Considering the (expected) great variety of metadata schemas, it was thought advantageous to use native XML
          database to allow searching through the collected CMDI records.
        

        
          Currently no semantic normalization is done when the records are stored in the JMDR, this is to allow a query
          to retrieve only those records that actually use a profile specific terminology.
        

      

      
        Searching over structured CMDI data

        Added value of highly structured and rich metadata descriptions can be achieved if the
          search process is more elaborated, leading to more precise and fast results than a
          full-text search, without lowering the recall. Two examples of such search interfaces are
          the Virtual Language Observatory and the NaLiDa Faceted Search. Both harvest the CMDI
          metadata from data providers, but they have a different functionality. 

         The Virtual Language Observatory started of with earlier metadata versions. It
          presents a number of different facets, from which a user selects the interesting data
          categories.

        The NaLiDa faceted browser is slightly more elaborated as it implements conditional
          facets, i.e. additional facets appear based on earlier selections. For example the facet
          “corpus type” is irrelevant for non-corpora, hence is only shown if the resource type
          “corpus” is selected. However, the NaLiDa faceted browser focuses on resources in a
          national context.

      
    
  
  
    Conclusion

     XML encoding is a solid foundation to encode metadata descriptions. In the past, various
      different metadata schemas emerged based on XML technology, like IMDI3013,
      OLAC and DCMI.
      Several technologies, like OAI-PMH have been created for the easy dissemination of XML encoded
      metadata descriptions. However, XML is not sufficient to exchange data. One either has to
      agree on a common schema or transform their data into pivot formats. Especially with rich and
      elaborated metadata schemas these approaches are cumbersome and most often lead to loss of
      information. A level beyond XML is needed to convey semantic information about the markup,
      which allows to draw further conclusions on the information encoded in XML documents. The
      CLARIN project takes a rather pragmatic approach towards this problem by adding registries for
      metadata components and data categories. The information of both registries combined allow to
      perform, at least to some extend, reasoning about the information encoded in metadata
      descriptions. For example, more sophisticated searches are possible. To some extend, this
      approach can be generalized and applied to other scenarios to foster XML document interchange
      without nervelessly requiring to agree on a common XML markup schema. At the time of this
      writing, CMDI has been proposed as a work item in ISO/TC 37/SC 4. 

    
  

  
    References

    
    [baker1998]  Baker, T.
      “Languages for Dublin Core”. D-Lib Magazine, 4:12. 1998. 
      doi:10.1045/december98-baker
    

    
    [DCMI] Dublin Core Metadata Initiative 
      “DCMI Metadata Terms”, this Version of 2010-10-11, http://dublincore.org/documents/2010/10/11/dcmi-terms/, latest version
      http://dublincore.org/documents/dcmi-terms/

    [DC] Dublin Core Metadate Initiative
      “Metadata Basics”. 1995–2011,
      see http://dublincore.org/metadata-basics/
    

    [IMDI3013]  ISLE Metadata Initiative (IMDI)
      “Metadata Elements for Catalogue Descriptions”. 
      Part 1 B, Version 3.0.13, August 2009 
      http://www.mpi.nl/IMDI/documents/Proposals/IMDI_Catalogue_3.0.0.pdf
    

    [iso12620] ISO 12620.
      “Computer Applications in Terminology – Data Categories – Specification of Data
      Categories and Management of a Data Category Registry for Language Resources”.
      ISO, Geneva, Switzerland, 2009. 

    [OLAC] Simons, G. and Bird, S. 
      “OLAC Metadata”. 2008,
      cited version http://www.language-archives.org/OLAC/metadata-20080531.html, 
      latest version http://www.language-archives.org/OLAC/metadata.html
    

    [Rehmetal2010] 
      Rehm, G., Schonefeld, O., Trippel, T., Witt, A.
      “Sustainability of Linguistic Resources Revisited”.
      In: Proceedings of the International Symposium on XML for the Long Haul: Issues in the
      Long-term Preservation of XML. Balisage Series on Markup Technologies, Vol. 6, 2010.
      doi:10.4242/BalisageVol6.Witt01
    

    [sperberg-mcqueen2011] 
      Sperberg-McQueen, C. M. and Huitfeldt, C. “Ten
        Problems in the Interpretation of XML Documents”. In: Proceedings of the Conference of Processing Text-Technological Resources 2008, Bielefeld (to appear).

    [varadi2008]  Váradi, T.,
      Krauwer, S., Wittenburg, P., Wynne, M. and Koskenniemi, M. “CLARIN: Common language resources and technology infrastructure”.
      In: Proceedings of LREC 2008, Marrakech, Morocco, 2008. pp. 1244–1248.
      http://www.lrec-conf.org/proceedings/lrec2008/pdf/317_paper.pdf
    

  
Notes
The authors are well aware, that providing a sound semantic foundation, e.g. an
          ontology or alike, for less closed domain will be, at least, a challenging task.

      
View note in Notes section
The metadata schemas of these sets have been decomposed into components and then recomposed into
            profiles, while as many components were reused.
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      Abstract
This paper is a summary of the experience of local loading of XML Ebooks on the Scholars
        Portal Ebook platform. It discusses the problems and potential of local loading that emerged
        from a pilot loading of over 500 titles; the first stage of this pilot was completed in
        February 2011. More specifically, the paper will review the difficulties encountered during
        the various stages of the loading, starting from loading files on our MarkLogic server, then
        the presentation of content via XSLT and ending with transforming the table of contents to
        achieve functionalities, such as lone-chapter downloading. We will also touch upon our web
        reader and the features developed to enhance the reading experience of XML Ebooks. 

       Our conclusion is that with the gradual increase in publishers’ switching from PDF to
        XML format, the need to have a standard for XML Ebooks increases, as well; local loading of
        XML Ebooks in their current format suggests that much programming work will be called for in
        order to arrive at the best presentation of the content. 

      Finally, we will suggest that once a satisfying web-based presentation of XML Ebooks is
        achieved, there will still be an urgent need to develop good readers in order to provide a
        friendly reading experience. 
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    1. Introduction

    This paper will describe the local loading process of XML book collections on the Scholars
      Portal Ebook platform. Scholars Portal (SP), a service of the Ontario Council of University
      Libraries (OCUL), provides the technological infrastructure that preserves and allows access
      to information resources collected and shared by Ontario’s 21 university libraries. 

    The Scholars Portal books platform is designed to provide a single interface for accessing
      digital texts from the world’s most important scholarly publishers and public domain books
      that have been scanned and digitized for online reading and downloading. Our PDF-based reading
      interface offers multiple- page view options, including a grid view to help users easily
      navigate in and among books. User accounts allow users to save searches, bookmarks and notes,
      as well as to cut and paste small sections of text. The service runs on the ebrary ISIS and
      MarkLogic technology— a special-purpose, document-centered database management system that
      uses the XML data model and XQuery query language and is optimized for large collections of
      both semi-structured and unstructured information. 

    As the Ebook is becoming more popular and as we see more reading devices, publishers are
      moving from PDF to XML formats. My talk describes the challenges we encountered during a pilot
      local loading of XML Ebooks and the potential uses of XML format versus PDF. Before
      proceeding, we should define “XML Ebooks”; this refers to the many different ways in which the
      content of Ebooks is structured in markup. Currently, there is no standard for Ebooks that
      publishers follow; as a result, when the Scholars Portal receives content from more than one
      publisher, we have to solve the unique problems of each Ebook collection separately. As well,
      we cannot apply the same loader—the program we write to put Ebooks on our platform—to
      different collections.

  
  
    2. Local Loading Explained

    The various university libraries in Ontario have built a service that will house and
      archive content so that future generations of scholars may continue to access the same content
      regardless of changes in subscription policies, which take place so often in the publishing
      industry. By “local loading,” we mean the delivery of data files from the publisher/vendor for
      presentation via SP software platforms. Local loading of Ebooks has provided Ontario
      university libraries with the flexibility and control to create Web-based archival, search and
      delivery interfaces that are vendor independent. Furthermore, SP search tools reduce the
      complexity of multiple-vendor interfaces and provide our researchers with a common search
      interface for millions of journal articles and book chapters. The objectives of SP local
      loading are mainly long-term preservation and enhanced discovery. 

    From the publishers’ point of view, the most important advantage to local loading is
      stability. SP is in the process of being recognized as a trusted digital archive by the Center
      for Research Libraries - CRL. Moreover, security measures ensure that a publisher’s data will
      not be corrupted in the long-term and will be incorporated within new technologies as needed.
      The SP platform is also designed to ensure appropriate levels of access to authorized users
      because subscriptions vary with each member library. SP staff provides technical support that
      would otherwise be directed to publishers. Finally, SP search interfaces are heavily used by
      Ontario researchers, and SP metadata is indexed by Google; thus, SP can guarantee high
      visibility.

  
  
    3. Scholars Portal’s Ebooks Platform

    Currently, Scholars Portal Books numbers more than 350,000 Ebooks, which until recently,
      were received from publishers mostly in PDF format. The local loading procedure for PDF using
      ebrary’s ISIS Toolkit comprises several stages. The first stage is preparing the PDF file:
      Some publishers deliver us Ebooks as individual chapters, and therefore we need to create a
      unified PDF Ebook by merging all those files together. The second stage is finding MARC
      records for each book: from the MARC records, we extract the metadata required for loading and
      later, also for publishing, so that other libraries can load the records on their OPACs.
      During the loading, we modify the MARC to contain a link to our platform (the 856 field). At
      the third stage, we generate a MODS file from the MARC record. Research and bibliographic
      management tools, such as Zotero, use MODS files. 

    Once we have matched the PDF with its MARC record, we submit the PDF and a set of
      key-value metadata to ISIS through a service API. Each book on the Ebook platform has a
      book-i.d. that defines its URL (http://books2.scholarsportal.info/viewdoc.html?id=371372) and
      a permalink that contains one of the ISBN numbers from its MARC record
      (http://books1.scholarsportal.info/viewdoc.html?id=/ebooks/ebooks1/lww/2010-10-18/1/01382858).

  
  
    4. Ebooks Format Change: PDF to XML 

     The workflow involved in loading XML books is different from that with PDF books, but
      still shares some common practices: (1) Matching: pairing each book with a MARC file; (2)
      Generating a PDF file by extracting each book’s text and feeding the PDF, along with the
      metadata from the MARC file into our ISIS platform (this is a workaround to make the books
      searchable on our PDF-based platform); (3) Loading the XML books into Marklogic (after
      cleanup). In order to display the books on our platform, we use a collection-specific XSLT
      transformer to convert the book into html. Consequently, each time someone tries to read an
      XML book on our platform instead of calling the rasterization service (which we normally use
      for PDF content), an XML service will be triggered that fetches the requested section of the
      book from Marklogic and transforms it into HTML (server side) and before serving it to
      browser.

     a. Processing Instructions in the Markup

    Our pilot loading of XML books included over 500 titles of Lippincott Williams &
      Wilkins (LWW). Although LWW gave us schema files, since each publisher uses a different
      schema, we were forced to pretty much ignore it.

    Our pilot loading of XML books included over 500 titles published by Lippincott Williams
      & Wilkins (LWW). Although LWW gave us schema files, we were forced pretty much to ignore
      them, since each publisher uses a different schema. The first step was to add the XML files to
      our MarkLogic server; however, doing so returned invalid XML errors, which required our
      programmers to fix the processing instructions for the data. For instance, pages appeared as
      follows: <?PG 155> and then <?PG 156>. Thus one of the tasks was to replace each such
      error with, say, <<PG>155</PG>> and so on. It should be noted that even if we write a
      program to clean up this type of instruction, we cannot use it for other XML Ebooks. For
      instance, Oxford University Press—which we plan on loading next—created its instruction for
      pages as follows: <?Page pageId="2"?>. The difference in the instructions also demonstrates
      the inconsistency in using Markup for Ebooks. 

    b. Generating TOC Table of content (TOC) and thumbnail 
    

     Generations are rather long processes and must be done asynchronously. After loading each
      batch of books, we used ActiveMQ to create and run tasks for each process. In order to build a
      TOC, we used a chapter’s ID to provide anchor points for linking. With the Lippincott Williams
      & Wilkins collection, however, we ran into a problem with chapter hierarchy. The LWW
      Ebooks’ organizational structure includes sections nested within other sections. For instance,
      an I.D. such as “B00139907-DA1-DB1-C1” was not usable for us, since the machine could not tell
      the difference between C1 when stored under DB1 or its being the first chapter of the book.
      This screenshot shows a typical TOC structure for the LWW books TOC.
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Figure 1.TOC
    
       c. Structuring the Content via XSLT 

     Once the XML was cleaned and successfully loaded onto MarkLogic, we had to face problems
      associated with the XSLT transformation. The XSLT file that came with the LWW Ebooks was
      created by Ovid technologies. Although it is a legitimate XSLT, it made for a poor reading
      experience when trying to use it as is, thus necessitating a major adaptation to fit our
      web-based reader. Among the prominent problems of this XSLT model is the size of tables. Their
      size always exceeds the viewport, thus making it very difficult for users to see the text or
      to navigate back to the page. Resizing the tables and adding frames to tables and images
      solved this problem. For instance: <div style="height: 100px; overflow: scroll">
                Table…
            </div> The following screenshot illustrate the problem, and represent a page before
      we applied the changes to the XSLT. 
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Figure 2.Structuring Tables for the browser default behavior
     Another major problem has to do with references and footnote linking. If users click on
      the footnote marker to return to the text, they will not be taken back to the same place at
      the page; or if this reference also appears elsewhere in the text, it will, by default, take
      them to where it first appeared. In some instances, references are also not linked. This
      structure is highly challenging for a reader’s orientation in that it forces the person to go
      back and forth while reading. A possible solution might be to highlight the reference number
      both on the way to the note and back in the body text. Since this solution involves a great
      amount of coding, we are still investigating alternative solutions. The challenge is that
      solutions need to be discreet and not depend on redesigning the book, which would involve
      copyright issues, a subject that is beyond the scope of this paper. 

    Additionally, we were forced to turn off some of the functionalities that arrived in LWW’s
      XSLT sheet. For instance, for cross-chapter links, LWW has included CGI calls in its
      stylesheets; as a result, the XSLT file cannot readily be reused in other platforms without
      modification. We changed some calls, then, to local CGI and others we ignored. At the same
      time, we were able to turn on the in-chapter links. Another major problem was the display of
      images. This required us to write an image controller that finds images based on ID’s and
      serves them to the browser. We also had to modify the XSLT to correct the address of the
      images to point to our controller (handler). 

    d. Scholars Portal’s Reader: PDF versus XML

     The SP reader originally developed for the platform was based on ebrary’s model of
      converting PDF vector information into a raster format. We use the ebrary rasterization
      engine, but opted to develop our own interface in order to create a more seamless user
      experience. We also provide a number of enhancements that were lacking in ebrary’s web reader
      at the time. These include a two-page view and a grid view for augmented navigation.
      Additional features that we added include text clipping from the rasterized page, exporting a
      limited number of pages to PDF and the enabling of text searching. Recently we implemented
      user accounts that allow users to save and sort books, bookmark pages, highlight text and
      write page notes. 

     With XML Ebooks, the most significant difference is that we no longer need to provide a
      “reader,” because the browser itself becomes the reader: what was once the static image of a
      printed page is now an HTML page. This also means that traditional reading tools, such as page
      magnification, bookmarking, multiple page views, text clipping and PDF page exporting, are no
      longer relevant features to worry about, because most of these tools are now included in the
      default behavior of most web browsers. Our initial version of the HTML page for XML Ebooks
      offered users the ability to view a table of contents, to search text across chapters, to link
      to endnotes or bibliographies and to write chapter notes. For instance, screen shot 4 shows
      how we are planning to facilitate chapter-based annotation. 

     Since MarkLogic indexes all XML data, we took advantage of its Search API, using the
      namespace module to perform full-text searching. Up to now, we have dealt with only one type
      of XML books. However, after viewing other collections that we plan to load, it became clear
      that the structuring of sections or chapters varied from collection to collection, and that we
      will have to write a custom query collection-specific xquery in order to enable searches
      within each section or chapter. The presentation of relevance-scoring is also under
      construction. Screen shot 4 shows the search results using ML Search API. In this example we
      used “chapters” as the definition of which parts of a document should be searched, based on
      our indexes in XQuerty. Once a user enters a search term, the results open up on the bottom
      like a drawer and are listed with an excerpt of the phrase surrounding the search term, which
      is highlighted. A user can then click on a result and be taken to that section of the text. 
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Figure 3.Reader's Functionalities
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Figure 4.Search Results Presentation
    e. In the Land of EPUB3

     EPUB is a specification intended to provide a standard way in which to interchange and
      deliver reflowable content to reading system. If EPUB3, the new generation of the EPUB
      specification recently issued by the International Digital Publishing Forum (IDPF), is adopted
      rapidly by publishers, it certainly will enable more control over knowing what it is that we
      are receiving from the publishers. This development, in turn, may bring back the comfort
      associated with receiving PDFs from publishers, however limited a format that may be. Yet,
      unlike the PDF format, EPUB has functions called "media queries" that enable the layout design
      to adapt easily to the files' new "home," be it a laptop or an iphone. When treating Ebooks
      that contain many images, such as do the LWW books, EPUB3 will hopefully relieve us of the
      need to take control of the graphic design. It will be left to EPUB, because of its vertical
      writing capacity, to help images to adapt to the size and resolution of their rendering
      environment.

    Also, we will need to write an EPUB reader for MarkLogic, and hopefully, since EPUB3
      accommodates more extensive metadata at all levels, even to the level of the single paragraph,
      we will also be able to take advantage of EBPUB3 support of new semantic markup features.
    

  
  
    5. Conclusion

    The local loading of XML Ebooks has created new challenges and opportunities previously
      unavailable for Ebooks in PDF formats. As for processing instructions for XML data, we did not
      find instructions; and if we did, they were rarely complete. We attribute the minimal and
      often incomplete existence of processing instructions for XML files to the fact that local
      loading is not yet common practice. Thus, publishers still do not think about their files as
      needing processing by others or as having to perform in other environments. In most cases, the
      libraries simply point to the publisher’s website.

     While problems with enriched metadata, such as TOC, can be challenging for all types and
      formats of Ebooks, the metadata for XML Ebooks can be found either in the XSLT sheets or in
      the XML schema (for instance, breaking up the book into pages). There are, then, various
      strategies for creating administrative metadata, all with their own advantages and drawbacks.
      Because of copyright concerns, we do not want to touch the data; consequently, modifications
      are done mostly at an XSLT level and in accordance with a browser’s default behavior. In the
      case of the LWW Ebooks, for instance, we found that a more detailed XML schema might result in
      a better presentation of the content. 

    With no acceptable format adopted by publishers for Ebooks, such as ePub, the optimization
      of XML Ebooks is dependent on human resources and coding invested by the hosting platform. In
      the case of Scholars Portal Books, the local loading of Ebooks received from various
      publishers has taken the technological burden off the publishers’ shoulders; at the same time,
      it has given us the freedom to experiment with the best available text-display formats and
      practices. That said, cleaning XML and applying extensive modifications to the XSLT sheets act
      to slow down the production line on our platform and to create a long time lag between the
      time the OCUL schools bought the books and the time they are available on our platform. In
      addition, since the advantage of MarkLogic is that any type of xml can be stored on it, using
      our limited number of software developers to create one format for all the publishers with
      which we work does not make sense.

    Furthermore, some XSLT modifications may lead to the redesign of a book and, therefore,
      possibly cause licensing difficulties for the hosting platform. Thus, in addition to
      standardization, it is important for both publishers and libraries to start thinking about new
      content management strategies for Ebooks that will include format and presentation models. 

    Moving beyond PDF readers, XML Ebooks take advantage of web browser functionality and
      provide enhanced reading utilities, such as full-text searching. With MarkLogic’s indexing
      capabilities, search functionalities in XML Ebooks can be limited to chapters or sub-sections.
      As each publisher may present content differently, however, the solutions found for LWW Ebooks
      may not be serviceable for other publishers. The Scholars Portal technical team would then be
      required to start anew with each collection or publisher. It is little wonder, then, that the
      current still- early-development state of XML Ebooks demands a great deal of resources at the
      hosting platform’s end. The success of Ebooks is affected by such factors as the cost of
      content and the feel of reading. It is possible that as the publishing industry moves further
      into XML Ebooks, new standards for displaying content will be adopted, allowing platforms such
      as Scholars Portal to receive Ebooks in a ready-for-production state and to concentrate on
      developing reading utilities.
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            Abstract
XRX, XForms on the client, RESTful services and XQuery on the server, introduced a
                development paradigm that could avoid the use to procedural code in the
                implementation of RESTful services.  With the standardization of XProc, the XML
                pipelining language, and the availability of several XProc engines, we have an even
                more powerful mechanism for RESTful services construction. In this paper we briefly
                introduce an XML REST Framework that allows a developer to define resources and
                provide an XML-centric implementation.  Then the main focus of the paper is on how
                XQuery, XSLT and XProc together form a powerful set of tools with which RESTful
                services can be developed, effectively redifining XRX to stand for XForms, RESTful
                services and XProc on the server. We illustrate the benefits each technology brings
                to this service construction by incrementally building up a RESTful service for a
                patient medical records registry.
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        Introduction

        The term XRX XRX , stands for XForms XForms on the client, RESTful services and XQuery XQuery
            on the server. At its core it is a design approach that uses XML as the model for the
            application entities, and other XML technologies, specifically XForms and XQuery, for
            the application UI and for interface to the persistence layer, respectively. At the
            extreme, XRX can be seen as a no-transformation approach, where resource representations
            accepted and served by RESTful services closely match the form stored in an XML
            database; that is, there is no difference between the logical model for entities and the
            physical one. While our work has been inspired by XRX, and we embrace the notion of
            XML-centric implementations, we have found that RESTful services require transformations
            and other sophisticated operations that are not particularly well suited to an XQuery
            implementation alone. 

        First, RESTful services must serve resource representations that are hyperlink rich,
            containing links to related resources as well as to URLs that can drive application
            state.  These links are generated only when the resource representation is served and
            they reflect runtime and deployment contexts such as host names.  As such, these links
            must be added to the content that is retrieved from the XML database, and while XQuery
            is clearly the right technology for database access, it is, at best, awkward when used
            to insert these hyperlinks.  

        Another key tenet of the REST architectural style is content negotiation, the ability
            for a service to accommodate various formats for the data they serve.  For example, a
            resource representation may be served in some simple XML format (that may indeed closely
            resemble that which is stored in the database), and it may alternatively serve an Atom Atom
            entry.  Those well versed in the XML-technology stack would likely agree that this is a
            task ideally suited to XSLT XSLT.

        When we begin to address the implementation details of our RESTful services we see
            common patterns, such as the need to assign identifiers to new resources and the need to
            return from the service values beyond the resource representation.  We have found it
            rather easy to implement these patterns using XProc XProc.  

        It is these RESTful services requirements that have driven us to an interpretation of
            XRX that stands for XForms on the client, RESTful services and XProc on the server.  Our
            work has focused on the RESTful services implementation with little attention given to
            the XForms or other consumer-side user interface. 

        In this paper we will show the value that various XML technologies bring to the
            implementation of RESTful services, with a focus on XProc, XQuery and XSLT.  We will
            demonstrate each of their strengths by incrementally building up a simple service
            implementation that is a part of a larger set of services that implement a patient
            medical records registry.  This implementation was taken to the IHE Connectathon IHEConnect event in January 2011 where EMC received certification.  That
            is, the use case presented in this paper is real.  

        After briefly introducing the IHE XDS IHEXDS  registry usecase,
            outlining the key principles of REST and also briefly introducing an XML REST Framework
            we have constructed, we spend the bulk of the remainder of the paper squarely in the XML
            space.  We begin by establishing the base implementation which uses XQuery to write
            resource data to the persistence layer, an XML database.  We then address the hyperlink
            constraint of RESTful services with the construction of an XSLT and build a simple XProc
            pipeline to sequence these operations.  This solution does not yet address the
            generation of identifiers or construction of data elements beyond the resource
            representation, which we then add.  Finally we bind all of the pieces together within
            Spring Framework Spring configurations.

        While we have found some prior work on XML-centric application development Wilde, we have found little that addresses how the XML technology stack
            addresses the unique needs of RESTful service construction.  This is the focus of this
            piece. 
        
    
    
            Integrated Health Exchange

        Integrating the Healthcare Enterprise (IHE) IHE is a consortium that
            develops interoperability standards for health care delivery systems.  They publish
            specifications that address how a wide range of devices and systems should communicate,
            allowing them to be easily connected in a variety of settings. It is in one of these
            specifications that they define interfaces that medical records registries and
            repositories must provide in order to be easily connected to document suppliers and
            consumers. A Cross-Enterprise Document Sharing (XDS) repository stores documents that
            make up a patient medical record including such things as images (e.g. x-rays, CT
            scans), text files (e.g. doctors notes) and documents of any other format. An XDS
            registry augments this content both by associating metadata with the documents stored in
            the repository and by establishing additional organizational structures, such as folder
            hierarchies, around that content. The solution we describe in this paper is a portion of
            the document registry implementation which earned EMC a certification at the IHE
            Connectathon event in January 2011.

            The abstractions defined by the IHE for an XDS registry include the
            following:

            
                	
                    A document entry holds metadata for a
                    single document.

                

                	
                    A folder is a container that may hold
                    multiple document entries.

                

                	
                    An association captures a binary,
                    unidirectional relationship between document entries, folders, submission sets
                    and other associations.

                

                	
                    A submission set represents a
                    collection of document entries, folders and associations that together form a
                    set that, when written to the registry, must be handled atomically.

                

            

            While submission sets are written as a whole, the individual parts of a submission
            set may be consumed in different combinations.  For example, within a single submission
            set, a folder may have been created and a document entry placed therein, however, the
            document entry may be accessed independently or even in combination with other document
            entries that arrived in different submission sets.  

            It is the atomicity requirements on the writing of submission sets, and the
            granular consumption model, that contribute to making the XDS registry RESTful services
            an interesting case-study.  We will examine the implementation of the service for
            creating submission sets in detail in the subsequent sections of this paper.  This is
            relatively complex operation that may involve the assignment of identifiers,
            necessitates validation of some of the input XML against both other portions of the
            submission set as well as to content already existing in the database, and requires that
            the submission set be decomposed for storage in the database.

    
    
        The REST Architectural Style

        Roy Fielding was one of a group of individuals who developed the architecture of the
            World Wide Web and in 2000 he formalized the key architectural principles in his PhD
            dissertation REST, coining the term REpresentational State Transfer
            (REST). The REST architectural style is characterized by the following four key
            tenets:

        
            	
                Identification and addressability of
                        resources: All interesting bits of information are identified
                    with URIs and are usually accessed via URL.

            

            	
                The uniform interface: Interaction with
                    resources is through a standardized set of operations, with well understood and
                    agreed upon semantics.

            

            	
                Manipulation of resources through
                        representations: Clients are not operating directly on resources,
                    rather resource representations are transfered between the server and the
                    client.

            

            	
                Hypermedia constraint: Resource
                    representations include hyperlinks that can be used to drive application state
                    transitions.

            

        

        Each of these principles has played an important role in the success of the World Wide
            Web. Resource centricity and the hierarchical, global address space of URLs provides for
            limitless scale by allowing resources to be continually added to the domain of discourse
            while maintaining linear scale through the use of DNS and a cache-rich infrastructure.
            Having a uniform interface allows the layered web to perform optimizations as a part of
            a resource operation. For example, because the HTTP PUT operation is idempotent (meaning
            it can be executed 1 or more times with the same result), an actor in the web
            infrastructure may perform automatic retries on PUT operations that may have failed to complete. The transfer of resource
            representations between the client and server allows those interactions to be entirely
            stateless, further providing scale-out characteristics. And having hyperlink-rich
            resource representations not only provides a means for relationships between resources
            to be presented, it also supports the construction of less-brittle interfaces and looser
            coupling between clients and servers.

    
    
        The XML REST Framework

        We have produced a framework that allows a developer to create a set of RESTful
            services with most of the implementation achieved using XML-based technologies. We have
            found these technologies to be very effective at addressing many requirements specific
            to RESTful services. XQuery is used to persist resource state into an XML database.
            Content negotiation is straight-forward via the declarative, XSLT programming model, and
            resource hyperlinks are generated using the same declarative approach. Common patterns
            for resource operations are effectively captured in XProc pipelines and processing of
            composite resources is also well accomplished using this XML pipelining approach. 

        The only portion of the implementation not done with an XML-based technology is the
            interface to the RESTful service. Here we have elected to use Plain Old Java Objects
            (POJOs), annotated with information about resource URLs and the uniform interface. We
            chose to keep this part of a RESTful service implementation in Java primarily for two
            reasons. First, while there is a technology, Servlex Servlex, that
            does provide a capability for producing web applications with only XML technologies, we
            were concerned that the uptake of the EXPath Webapp XPWebapp approach
            has been slow and the community activity is marginal. And more importantly, having
            RESTful services executing within an environment such as the Spring Framework allows
            additional services (such as security) to be wrapped around the core RESTful services we
            implement; it was unclear how the Servlex technology could be leveraged within
            Spring.

        Figure 1 depicts the basic construction of RESTful services using our
            framework.
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Figure 1.XML-Centric Services Implementation


         In the next sections I cover each of the blocks shown in this figure.

    
    
            The RESTful Service Interface

            Because we are specifically addressing RESTful services implementations, we must
            address more than just the construction and delivery of XML data.  In particular, we
            must be able to accept HTTP requests [1] , parse URLs, read and write headers and return errors appropriately. 
            Because several frameworks addressing these HTTP-specific needs, such as Spring MVC
                MVC, Apache CXF CXF and Jersey Jersey, are already in widespread use, we embrace those and offer an
            extended framework that allows an XML-centric implementation to be wired in.  These
            RESTful services frameworks share common development paradigms where REST resources are
            implemented as Java classes, operations on the resource are implemented with class
            methods, and annotations are used to express RESTful service specifics such as URI
            templates and uniform interface operations.  The following code snippet shows the
            skeleton Java class for the submission sets resource, with a method that will fulfill
            the POST operation; this is the operation we will use to create new submission sets.
            
package com.emc.cto.healthcare;
            
    // … imports omitted for brevity
            
    @Controller
    @RequestMapping("/submissionsets")
    public class SubmissionSets {
            
    @RequestMapping(method = RequestMethod.POST)
    @ResponseStatus(HttpStatus.CREATED)
    public String addPatient(HttpServletRequest request, 
                             HttpServletResponse response, 
                             Model model) throws XProcException, IOException, URISyntaxException, TransformerException {
            
        …
            
    }
            
    public SubmissionSets() {		
    }
            
}

        It is within this method that we will invoke the XML-based services implementation. 
            In a later section we will see exactly how the XProc pipeline, which forms the core of
            the implementation, is bound into this service dispatcher class.

    
    
        Starting with XQuery

         XQuery serves the role of interfacing with the solution’s persistence layer, the XML
            database.  Each resource operation of the RESTful service will require one or more
            XQueries to map the logical to the physical model.  Figure 2 shows a table representing
            the logical model at left, a pictorial view of the physical database model on the right
            and shading that indicates how the logical resources are mapped to physical ones.
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Figure 2.Logical to Physical Mapping


        The darker shaded objects in the tree structure represent folders and the lighter
            shaded objects represent XML documents.  The yellow and blue shadings show a
            correspondence between entities in the logical model and the physical model. Note that
            the submission set resource maps to many entities in the physical model, whereas
            document entry resource mappings are far more constrained.

        For this first stage of the implementation we will assume that the submission set
            coming in is entirely valid and has identifiers properly set for each of the elements
            within it.  The following shows an excerpt of the resource representation supplied to a
            POST operation.
        
<?xml version="1.0" encoding="UTF-8"?>
<CompoundSubmissionSet>
    <SubmissionSet>
        <comments>
            <lang>en-US</lang>
            <charset>UTF-8</charset>
            <value>Annual physical</value>
        </comments>
        <entryUuid>0324990a-00a4-4b3f-be6d-0a98267d1d28</entryUuid>
        <patientId>
            <id>RED7020</id>
            <assigningAuthority>
                <universalId>1.3.6.1.4.1.21367.13.20.1000</universalId>
                <universalIdType>ISO</universalIdType>
            </assigningAuthority>
        </patientId>
        <title>
            <lang>en-US</lang>
            <charset>UTF-8</charset>
            <value>Physical</value>
        </title>
        ... additional submission set fields
    </SubmissionSet>
    <folders />
    <documentEntries>
        <DocumentEntry>
            <entryUuid>788ccf31-f9fe-409a-91c4-8983e1c8ae14</entryUuid>
            <patientId>
                <id>RED7020</id>
                <assigningAuthority>
                    <universalId>1.3.6.1.4.1.21367.13.20.1000</universalId>
                    <universalIdType>ISO</universalIdType>
                </assigningAuthority>
            </patientId>
            <title>
                <lang>en-US</lang>
                <charset>UTF-8</charset>
                <value>Physical</value>
            </title>
            ... additional document entry fields
        </DocumentEntry>
    </documentEntries>
    <associations>
        <Association>
            <targetUuid>788ccf31-f9fe-409a-91c4-8983e1c8ae14</targetUuid>
            <sourceUuid>0324990a-00a4-4b3f-be6d-0a98267d1d28</sourceUuid>
            <associationType>HAS_MEMBER</associationType>
            <label>ORIGINAL</label>
            <entryUuid>cb297ac4-22f7-4303-81f5-76bb0befd8cc</entryUuid>
        </Association>
    </associations>
</CompoundSubmissionSet>
        

        In the XQuery, then, we fundamentally do two things: we split this larger XML document
            into several smaller ones and write each of those to the database. The following XQuery
            code shows this implementation.
            
declare variable $input external;

declare updating function local:storeSubmissionset($elem as element()) {
    let $docFileName := concat("/SubmissionSets/", data($elem/entryUuid), ".xml")
    return if (doc-available($docFileName))
           then replace node doc($docFileName)/SubmissionSet with $elem
           else xhive:insert-document($docFileName, document{$elem})
};

declare updating function local:updateTime($folder as element()) {
        let $time := replace(substring-before(xs:string(adjust-dateTime-to-timezone(current-dateTime(),xs:dayTimeDuration("-PT0H"))),"."), "[-:T]", "")
        return <Folder>{$folder/*[name() != "lastUpdateTime"]} <lastUpdateTime>{$time}</lastUpdateTime></Folder>
};
declare updating function local:storeFolders($elem as element()) {
        for $folderRaw in $elem/Folder
                                    let $folder := local:updateTime($folderRaw)
        let $docFileName := concat("/Folders/", data($folder/entryUuid), ".xml")        
        return if (doc-available($docFileName))
                 then replace node doc($docFileName)/Folder with $folder
                else xhive:insert-document($docFileName, document{$folder})
};

declare updating function local:storeDocEntries($elem as element(), $assocs as element()) {
        for $entry in $elem/DocumentEntry
        let $entryUuid := normalize-space(data($entry/entryUuid))
        let $docFileName := concat("/DocumentEntries/", $entryUuid, ".xml")
        let $assoc := $assocs/Association[sourceUuid = $entryUuid and (associationType='TRANSFORM_AND_REPLACE' or associationType='REPLACE') ]
        let $oldDocUuid := normalize-space(data($assoc/targetUuid))
        return  if (doc-available($docFileName))
               then replace node doc($docFileName)/DocumentEntry with $entry
               else (
                      xhive:insert-document($docFileName, document{$entry}),
                      if ($oldDocUuid) 
                      then
                            replace value of node doc("DocumentEntries")/DocumentEntry[entryUuid=$oldDocUuid]/availabilityStatus
                            with "DEPRECATED"
                         else ())
};

declare updating function local:storeAssociations($elem as element()) {
        let $time := replace(substring-before(xs:string(adjust-dateTime-to-timezone(current-dateTime(),xs:dayTimeDuration("-PT0H"))),"."), "[-:T]", "")
        let $res := for $association in $elem/Association
        let $docFileName := concat("/Associations/", data($association/entryUuid), ".xml")
        let $sourceFileName := concat(normalize-space(data($association/sourceUuid)),".xml")
        return (if (doc-available($docFileName))
               then replace node doc($docFileName)/Association with $association
               else xhive:insert-document($docFileName, document{$association}),
               (: if new doc placed into existing folder, update the lastUpdateTime of that folder :)
               if (doc-available(concat("/Folders/", $sourceFileName)))
               then replace value of node doc(concat("/Folders/", $sourceFileName))/Folder/lastUpdateTime with $time
               else (),
               (: if the new doc replaces another we need to create an assoc between the new doc and all of the folders
                  that the orignal doc is in :)
               if ($association/associationType = "REPLACE")
               then local:addAssocsForReplacementDocToFolders($association)
               else ()
               )
return $res
};

declare updating function local:addAssocsForReplacementDocToFolders($association as element()) {
    let $orgDocUuid := normalize-space(data($association/targetUuid))
    let $newDocUuid := normalize-space(data($association/sourceUuid))
    let $newAssocs := for $assoc in doc("Associations")/Association[targetUuid=$orgDocUuid and associationType = "HAS_MEMBER"]
                          let $folder := doc("Folders")/Folder[entryUuid=$assoc/sourceUuid]
                          let $newAssoc := if ($folder)
                               then <Association><targetUuid>{$newDocUuid}</targetUuid>
                               <sourceUuid>{normalize-space(data($folder/entryUuid))}</sourceUuid>
                               <associationType>HAS_MEMBER</associationType>
                               <entryUuid>{xs:string(uuid:random-uuid())}</entryUuid></Association>
                               else ()
                       return $newAssoc
return local:storeAssociations(<associations>{$newAssocs}</associations>)
};

let $compoundsubmissionset := if (not(empty(.)))
              then .
              else xhive:parse($input)
return (local:storeSubmissionset($compoundsubmissionset/CompoundSubmissionSet/SubmissionSet),
        local:storeFolders($compoundsubmissionset/CompoundSubmissionSet/folders),
        local:storeDocEntries($compoundsubmissionset/CompoundSubmissionSet/documentEntries,$compoundsubmissionset/CompoundSubmissionSet/associations),
        local:storeAssociations($compoundsubmissionset/CompoundSubmissionSet/associations), 
        $compoundsubmissionset/CompoundSubmissionSet)

        This implementation is relatively crisp and XQuery serves the needs rather well,
            however there are RESTful service requirements that this implementation has not yet
            met.

        Notice that the XQuery responds with XML that represents the resource that has been
            newly created.  This forms the basis of the resource representation that will be
            returned by the RESTful service, however, it is not yet complete.  The hypermedia
            constraint in RESTful services Hypermedia requires that resource
            representations contain hyperlinks to other resources, as well as hyperlinks that can
            otherwise drive the state of the application.  In the case of a submission set, for
            example, the representation should contain links to the documents and folders comprising
            it. 

        While it is possible to achieve this augmentation of the XML using XQuery, we prefer
            XSLT for two primary reasons. First, implementations of RESTful services using the
            approaches described in this piece, follow a Model-View-Controller pattern and we
            intentionally have the XML returned from the XQuery represent the application model
            objects. The hyperlinks presented in a resource representation are the responsibility of
            the controller portion of the implementation, so having hyperlinks inserted as a part of
            the XQuery that interacts with the database would conflate the responsibilities of the
            model and the controller. Of course, a separate XQuery could be used for hyperlink
            insertion, yet this brings us to the second reason for a different choice, and that is
            simply that we prefer the declarative approach that XSLT affords.

    
    
            XSLT

            Inserting hyperlinks into an XML document involves two things; one must define the
                points of insertion and then express what is to be inserted, and the
            <xsl:template> is ideally suited to the task.  Our XML REST Framework aims to make
            this task easy, even for the non-XSLT expert, by providing a simple XSLT template that
            traverses the document tree seeking those points of insertion, and by providing samples
            of the <xsl:template> definitions that insert links.

            The following code snippet shows the simple recursive template that simply copies
                each of the source nodes into the result tree and applies a template with an
                “insert-here” mode at each element node.
            
<?xml version="1.0" encoding="UTF-8"?>
<xsl:stylesheet version="2.0"
    xmlns:xsl="http://www.w3.org/1999/XSL/Transform" xmlns:xs="http://www.w3.org/2001/XMLSchema"
    xmlns:fn="http://www.w3.org/2005/xpath-functions" xmlns:xdt="http://www.w3.org/2005/xpath-datatypes"
    xmlns:pat="http://www.emc.com/cto/PMR" xmlns:atom="http://www.w3.org/2005/Atom">
    <xsl:output method="xml" version="1.0" encoding="UTF-8" indent="yes" />

    <!-- 
        The templates in this xslt simply traverse the input XML and for each element apply any insertion templates 
        that are defined for the particular type of object
     -->

    <xsl:template match="*">
        <xsl:copy>
            <!-- bring all attributes over -->
            <xsl:apply-templates select="@*" />
            <!-- insert any hyperlinks -->
            <xsl:apply-templates select="." mode="inserthere" />
            <xsl:apply-templates select="node()" />
        </xsl:copy>
    </xsl:template>

    <xsl:template match="@*">
        <xsl:copy />
    </xsl:template>

    <xsl:template match="text()" mode="inserthere" />

</xsl:stylesheet>

        The RESTful services developer then need only define the <xsl:template> definitions for the elements that 
            should have child link nodes inserted.  The following stylesheet inserts hyperlinks into the submission 
            set resource representation that is returned from the creation (POST) operation.
<xsl:stylesheet version="2.0"
    xmlns:xsl="http://www.w3.org/1999/XSL/Transform" xmlns:xs="http://www.w3.org/2001/XMLSchema"
    xmlns:fn="http://www.w3.org/2005/xpath-functions" xmlns:xdt="http://www.w3.org/2005/xpath-datatypes"
    xmlns:atom="http://www.w3.org/2005/Atom"
    xmlns:functx="http://www.functx.com" exclude-result-prefixes="xs xsl fn xdt functx">
    <xsl:import href="classpath:insertHyperlinks.xslt" />
    <xsl:import href="classpath:utils.xslt" />
    <xsl:output method="xml" version="1.0" encoding="UTF-8"    indent="yes" />

    <xsl:param name="baseURL" />
    
    <!--
        This XSLT defines insertion templates that will be driven by the
        imported stylesheet
    -->

    <xsl:template match="SubmissionSet" mode="inserthere">
        <atom:link rel="self">
            <xsl:attribute name="href"><xsl:value-of
                select="concat($baseURL,'/',entryUuid)" /></xsl:attribute>
        </atom:link>
        <xsl:apply-templates select="/CompoundSubmissionSet/documentEntries/DocumentEntry" mode="inserthere" />
        <xsl:apply-templates select="/CompoundSubmissionSet/folders/Folder" mode="inserthere" />
    </xsl:template>

    <xsl:template match="DocumentEntry" mode="inserthere">
        <atom:link rel="document">
            <xsl:attribute name="href"><xsl:value-of
                select="concat(functx:substring-before-last($baseURL,'/'),'/documents/',entryUuid)" /></xsl:attribute>
        </atom:link>
    </xsl:template>
    
    <xsl:template match="Folder" mode="inserthere">
        <atom:link rel="folder">
            <xsl:attribute name="href"><xsl:value-of
                select="concat(functx:substring-before-last($baseURL,'/'),'/folders/',entryUuid)" /></xsl:attribute>
        </atom:link>
    </xsl:template>
    
    <xsl:template match="CompoundSubmissionSet">
        <xsl:apply-templates select="SubmissionSet"/>
    </xsl:template>
    
    <xsl:template match="folders"/>
    <xsl:template match="documentEntries"/>
    <xsl:template match="associations"/>
    
</xsl:stylesheet>

        Another type of translation that is often needed for RESTful services provides support
            for additional media types.  In general, the media type for the content returned from an
            XQuery will be application/xml or text/xml, and this may be directly returned by the
            RESTful service. Other XML formats, such as application/atom+xml, are also in widespread
            use and therefore a RESTful services framework that makes it easy to perform such a
            transformation is valuable.  Just as with the insertion of hyperlinks, such
            transformations are well executed with an XSLT stylesheet.  Note that JSON is gaining
            popularity as a media type for resource representations.  Our recommendation is to keep
            the application model entities in XML and perform the transformation to JSON, again, via
            XSLT transformation, at the outer edge of that implementation.

        At this point we have seen the value in XQuery to interface with the underlying XML
            database, and XSLT for the insertion of hyperlinks and support for alternate media
            types.  The next question to answer, then, is how to tie these two things
            together.

    
    
            XProc – the XML Pipelining Language

            In May 2010 the XML Processing Model Working Group of the World Wide Web
            Consortium standardized XProc, an XML Pipelining language.  XProc is a high-level
            programming language in which XML processing steps are wired together in such a way that
            the outputs of one step are routed to the inputs of another step; all content flowing
            between steps is XML.  An XProc Engine executes a pipeline, accepting external inputs
            and producing zero or more outputs. The XProc language includes several dozen processing
            steps that when used together allow for sophisticated capabilities to be implemented
            with very few lines of code.

            Before looking at some of these more complex examples, let us first look at a very
                simple pipeline that ties together the two solution components we previously
                discussed – the XQuery for database access and the XSLT for hyperlink insertion. 
                Figure 3 shows a pictorial representation of this pipeline.  
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Figure 3.Base Resource-creation Pipeline


        In this case where we are creating a submission set, the source document passed into
            the pipeline is the submission set representation.  A second input to the pipeline is
            the base URL, a parameter that reflects the deployment particulars of the service (such
            as hostname), is used in the later XSLT step.  The source document is passed into the
            XQuery, which, as we saw above, splits the input document and writes several XML
            documents to the XML database; the XQuery step produces an XML document as the
            response.  The XSLT step then accepts the result from the XQuery, as well as the base
            URL that was passed into the pipeline, and generates a hyperlink rich XML document on
            the output.

        
            Getting More Sophisticated

            Recall that earlier we made some simplifying assumptions; one being that the XML
                document supplied to the XQuery would be valid, including having identifiers already
                assigned to the various portions of the submission set. While the IHE specifications
                do require that all recorded document entries, folders, submission sets and
                associations have UUIDs assigned, they allow for a case where the registry receives
                a submission set containing only locally scoped identifiers (within the submission
                set). In this case, the registry implementation responsible for assigning UUIDs. The
                following shows and example of such a resource
                representation.
<?xml version="1.0" encoding="UTF-8"?>
<CompoundSubmissionSet>
    <SubmissionSet>
        <comments>
            <lang>en-US</lang>
            <charset>UTF-8</charset>
            <value>Annual physical</value>
        </comments>
        <entryUuid>SubmissionSet01</entryUuid>
        ... additional submission set fields
    </SubmissionSet>
    <folders />
    <documentEntries>
        <DocumentEntry>
            <entryUuid>Document01</entryUuid>
            ... additional document entry fields
        </DocumentEntry>
    </documentEntries>
    <associations>
        <Association>
            <targetUuid>Document01</targetUuid>
            <sourceUuid>SubmissionSet01</sourceUuid>
            <associationType>HAS_MEMBER</associationType>
            <label>ORIGINAL</label>
            <entryUuid>Association01</entryUuid>
        </Association>
    </associations>
</CompoundSubmissionSet>
                

            In our implementation we use XProc to replace the local identifiers with UUIDs and
                to do so we need only loop over each of the non-UUID identifiers and invoke the UUID
                XProc step. Our main XProc pipeline will now include a step which performs this
                insertion, and the output, which fulfills that validity constraint, will be wired to
                the XQuery step. The following XProc step definition shows the recursive application
                of the UUID step.
                
<p:declare-step name="main"
    xmlns:p="http://www.w3.org/ns/xproc" 
    xmlns:c="http://www.w3.org/ns/xproc-step" 
    xmlns:emc="http://www.emc.com/cto/xds"
    type="emc:replaceNonUuids"
    version="1.0">
  <p:input port='source'/>
  <p:output port='result' primary='true'/>

  <p:choose name="processUuids">
      <p:xpath-context>
          <p:pipe step="main" port="source"/>
      </p:xpath-context>
      <p:variable name="nonUuid" select="//entryUuid[not(contains(.,'-')) and (position() = 1)]/text()">
          <p:pipe step="main" port="source"/>
      </p:variable>
      <p:when test="$nonUuid">
          <p:uuid name="uuid">
              <p:with-option 
                  name="match" 
                  select='concat("//*[(name(.)='entryUuid' or name(.)='targetUuid' or name(.)='sourceUuid')and .='",
                                 $nonUuid,
                                 "']/text()")'/>
              <p:input port="source">
                  <p:pipe step="main" port="source"/>
              </p:input>
          </p:uuid>
          <emc:replaceNonUuids>
              <p:input port="source">
                  <p:pipe step="uuid" port="result"/>
              </p:input>
          </emc:replaceNonUuids>
      </p:when>
      <p:otherwise>
          <p:identity>
              <p:input port="source">
                  <p:pipe step="main" port="source"/>
              </p:input>
          </p:identity>
    </p:otherwise>
  </p:choose>
</p:declare-step>

            Figure 4 shows how this step is wired into the original pipeline.
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Figure 4.Pipeline Augmented with Content Enrichment Step


            To complete the pipeline for the submission set creation operation we also include
                some additional validation steps (which, for brevity, we will not show here), as
                well as some steps that produce a multi-part response.

        
        Multi-part Responses
Because we are implementing our RESTful services almost exclusively in XProc pipelines, those
                pipelines must accommodate the need to generate more than just a single result. For
                example, a best practice in RESTful services is that resource creation operations
                return not only the resource representation, but also a URL to the newly created
                resource; this URL is to be returned in the HTTP Location header.  Furthermore,
                RESTful services MUST respond with a status code indicating success or failure, and
                since that outcome is largely determined in the XProc pipeline, that status
                information must similarly be returned.

            Fortunately, XProc provides for multi-part responses with multiple output ports,
                where any output port can carry more than one value.  We implement the pipelines for
                our RESTful services in a consistent manner, providing three output ports: the
                primary contains the resource representation, another called “headers” contains
                key/value pairs and one called “error” outputs an XML document that carries
                information on any errors that occurred during the processing of the pipeline.  The
                following is the final implementation of our submission set creation pipeline,
                including error handling and the creation of the location
                header.
<p:declare-step name="main" 
    xmlns:p="http://www.w3.org/ns/xproc"
    xmlns:c="http://www.w3.org/ns/xproc-step"
    xmlns:emc="http://www.emc.com/cto/xds" 
    version="1.0">
    <p:input port="source"/>
    <p:input port='xqueryscript' />
    <p:input port="stylesheet"/>
    <p:input port="stylesheetParameters" kind="parameter"/>
    <p:input port="xqueryParameters" kind="parameter"/>
    <p:output port='result' sequence='true' primary='true'>
        <p:pipe step='checkXquery' port='result'/>
    </p:output>
    <p:output port='error' sequence="true">
        <p:pipe step='checkXquery' port='error' />
    </p:output>
    <p:output port='headers' sequence="true">
        <p:pipe step='checkXquery' port='headers' />
    </p:output>
    <p:import href="classpath:replaceNonUuids.xpl"/>
    
    <!-- This pipeline will assign identifiers whereever needed and then will
         execute the xquery against the source passed in.  Finally, it will
         take the result and enhance it with hyperlinks to related resources. 
         The xquery and xslt are both passed into the pipeline. -->

    <!-- Replace local identifiers with uuids. -->
    <emc:replaceNonUuids name="replaceNonUuids">
        <p:input port="source">
            <p:pipe step="main" port="source"/>
        </p:input>
    </emc:replaceNonUuids>

    <!-- execute xQuery against the input source -->
    <p:xquery name="xquery">
        <p:input port='source'>
            <p:pipe step="replaceNonUuids" port="result" />
        </p:input>
        <p:input port="query">
            <p:pipe step="main" port="xqueryscript" />
        </p:input>
        <p:input port="parameters">
            <p:pipe step='main' port='xqueryParameters'/>
        </p:input>
    </p:xquery>

    <!-- check the result of the xQuery to make sure there was no error -->
    <p:choose name="checkXquery">
        <p:variable name="error" select="/error/code">
            <p:pipe step="xquery" port="result" />
        </p:variable>
        <!-- in case of error, return error xml out of pipeline -->
        <p:when test="$error">
            <p:output port="error">
                <p:pipe step="genError" port="result" />
            </p:output>
            <p:output port="result" sequence='true' primary="true">
                <p:empty />
            </p:output>
            <p:output port="headers" sequence='true'>
                <p:empty/>
            </p:output>
            <p:string-replace name="genError" match="/error/code/text()">
                <p:input port="source">
                    <p:inline>
                        <error><code>err</code><description>description</description></error>
                    </p:inline>
                </p:input>
                <p:with-option name='replace' select="$error" />
            </p:string-replace>
        </p:when>
        <p:otherwise>
            <p:output port="error" sequence="true">
                <p:empty />
            </p:output>
            <p:output port="result" sequence='true' primary="true">
                <p:pipe step="xslt" port="result"/>
            </p:output>
            <p:output port="headers" sequence='true'>
                <p:pipe step="locXML" port="result"/>
            </p:output>
            <!-- insert hyperlinks -->
            <p:xslt name="xslt">
                <p:input port='source'>
                    <p:pipe step='xquery' port='result'/>
                </p:input>
                <p:input port='stylesheet'>
                    <p:pipe step='main' port='stylesheet'/>
                </p:input>
                <p:input port='parameters'>
                    <p:pipe step='main' port='stylesheetParameters'/>
                </p:input>
            </p:xslt>

            <!-- generate the URL for the newly created resource -->
            <p:variable name="baseU" select="/c:param-set/c:param[@name='baseURL']/@value">
                <p:pipe step="main" port="stylesheetParameters"/>
            </p:variable>
            <p:string-replace name="locXML" match="/Location/text()">
                <p:input port="source">
                    <p:inline>
                        <Location>here</Location>
                    </p:inline>
                </p:input>
                <p:with-option name='replace' select="concat('"',$baseU, '/', //entryUuid/text(),'"')">
                    <p:pipe step='xslt' port='result'/>
                </p:with-option>        
            </p:string-replace>

        </p:otherwise>
    </p:choose>
</p:declare-step>

            XProc’s support for multiple outputs is a good fit for the requirements of RESTful
                services and avoids having the developer design a multi-part model
                themselves.

        
        
                XProc and Transactions

                One might note that while in our current implementation we have split our
                submission set into more fine-grained parts within the XQuery, that we could also
                have done so in the XProc pipeline. Doing the split as a step in the XProc pipeline
                could result in greater reuse of portions of the implementation and code that is
                easier to produce and maintain.  But then what would come of our requirement for
                atomicity in the construction of the submission set, if pipeline were to execute
                several updating XQuery steps?

                Fortunately, the Xproc engine that we are using in house provides transaction
                boundaries at the start and end of a pipeline.   This allows us to construct
                pipelines that execute multiple XQueries, yet have them succeed or fail as one
                single unit.  This powerful capability is quite welcome in the construction of
                RESTful services where compound resources are common.

            
        
        
    
    
        Binding HTTP Processing to the XML-Centric Implementation 

        At this point we’ve seen how an XProc pipeline allows us wire up a set of steps to
            provide the core implementation of our RESTful services.  The XProc pipeline accepts
            inputs and returns a multi-part response, including what can be thought of as a body,
            headers and error/status information.  What remains is how an XProc pipeline is bound to
            the Java classes we’ve created for each of our resources, as well as how to bind
            portions of the HTTP request/response to the pipeline inputs/outputs.

        To bind an XProc pipeline to a resource (Java) method we inject the XProc pipeline
            into the method via a Spring configuration.  Each method in the Java class will have an
            XMLProcessingContext object associated with it, which encapsulates the pipeline as well
            as any design time bindings to the pipeline.  To understand why design time bindings are
            valuable, consider that the pipeline for most GET operations will be very similar; an
            XQuery will be used to obtain XML from the database and an XSLT will be applied to those
            results.  The only thing that differs from one GET operation to another is the specific
            XQuery and the specific XSLT stylesheet; hence, we will parameterize a single GET
            pipeline with those values and reuse that pipeline over many resource implementations. 
            The following excerpt from a Spring configuration file shows the injection of XQueries
            and XSLTs into the XMLProcessingContext for the createSubmissionSet operation, and the
            injection of that XMLProcessingContext into the resource
            class.
<?xml version="1.0" encoding="UTF-8"?>
<beans xmlns="http://www.springframework.org/schema/beans"
    xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xmlns:xs="http://www.w3.org/2001/XMLSchema"
    xmlns:context="http://www.springframework.org/schema/context"
    xsi:schemaLocation="http://www.springframework.org/schema/beans 
                        http://www.springframework.org/schema/beans/spring-beans.xsd
                        http://www.springframework.org/schema/context
                        http://www.springframework.org/schema/context/spring-context-3.0.xsd">

    <!-- other bean definitions omitted for brevity -->

    <!-- Patients and Patient Resource -->
    <bean id="Patients" class="com.emc.cto.healthcare.SubmissionSets">
        <property name="addSubmissionSet" ref="addSubmissionSetXMLProcessingContext" />
    </bean>

    <bean id="addSubmissionSetXMLProcessingContext" class="com.emc.cto.xproc.XProcXMLProcessingContext">
        <property name="xprocPool" ref="xprocPool" />
        <property name="pipelineSource"><value>classpath:xqueryXsltUuid.xpl</value></property>
        <property name="inputs">
            <map>
                <entry key="xqueryscript" value="classpath:registerObjectsMinimal.xq" />
                <entry key="stylesheet" value="classpath:hyperlinksSubmissionSet.xslt" />
            </map>
        </property>
        <property name="options"><map/></property>
        <property name="parameters"><map/></property>
    </bean>

</beans>

        Finally, we must bind additional XProc parameters at run time, using the Java-based
            framework to access parts of the HTTP request and supplying those values to the pipeline
            in the Java method.  Following the execution of the pipeline the results are mapped back
            to the HTTP response.  This is done by our framework in a Spring MVC view that knows how
            to convert the multi-part pipeline output into an HTTP response; this relieves the
            services developer of these concerns.  The following code shows the full implementation
            of the method corresponding to the POST operation on the submission sets
            resource.
@RequestMapping(method = RequestMethod.POST)
@ResponseStatus(HttpStatus.CREATED)
public String addPatient(HttpServletRequest request, 
                         HttpServletResponse response, 
                         Model model) throws XProcException, IOException, URISyntaxException, TransformerException {
    try {
        PipelineInputCache pi = new PipelineInputCache();

        // supply http body as the source for the resource Create pipeline
        pi.setInputPort("source", request.getInputStream());
            
        // supply current resource URL as the base URL to craft hyperlinks
        String baseUrl = request.getRequestURL().toString();
        if (baseUrl.endsWith("/"))
            baseUrl = baseUrl.substring(0, baseUrl.length()-2);
        pi.addParameter("stylesheetParameters", new QName("baseURL"), baseUrl);

        PipelineOutput output = m_addSubmissionSet.executeOn(pi);

        model.addAttribute("pipelineOutput", output);
        return "pipelineOutput";
    } finally {
        ; 
    }
}

    
    
        Conclusions

        Our experience implementing an XDS Registry using the XML REST Framework shows that
            the XML Technology stack not only provides capabilities adequate for implementation of
            sophisticated RESTful web services, but also results in an elegant solution that is
            arguably easier to construct and maintain than a purely Java-based counterpart. We have
            not done any quantitative analysis comparing developer productivity between the two
            approaches, or comparing the use of our framework to other XRX-based approaches, however
            we do have some anecdotal evidence that supports this claim. In one instance, a
            development team was able to complete the work for two project sprints within the time
            frame of a single sprint; they credited the XML-centric approach to RESTful services
            construction for that acceleration. Some work has been done by Syntactica to quantify
            the productivity gains of an XRX-based approach XRXVal.  

        While there is clearly some overlap between the capabilities in XQuery, XSLT and
            XProc, there is a clean mapping from requirements on RESTful services to the tools that
            best address them.  Limiting an XQuery to interactions with the database results in
            queries that are simple to write and unit test, and effectively encapsulates the logic
            that creates application model objects (XML structures). The controller portion of our
            implementation is implemented with XProc pipelines and XSLT stylesheets.  With its
            mechanism for identifying insertion points, and a powerful language for expressing what
            should be inserted, XSLT is ideally suited to perform hyperlink insertion.  It is also
            the de facto standard for doing XML to XML[2] transformations.  The new XProc standard which defines a high level language
            for wiring together a set of XML-centric steps, provides a means for addressing many of
            the requirements presented by RESTful services: implementations of compound resources, a
            multi-part data model and a large set of out of the box XML processing steps.

             One of the most significant, positive results of our work has been that with the
                availability of our XML REST Framework we have enabled developers to more readily
                understand the important elements of RESTful services.  Rather than simply providing
                guidance in the form of a reference architecture, providing a set of tools and
                samples along with that guidance has proven very effective.

        
            Limitations

            We have employed our XML REST Framework in several projects within EMC with a good
                deal of success.  The biggest barrier, however, continues to be a reluctance by
                developers to embrace XML as the development model.  The XML-based approach that we
                espouse in this paper, while quite powerful, still suffers from a lack of tooling and,
                even more importantly, a learning curve issue.  Most developers are quite familiar with
                Java programming approaches, IDEs, testing frameworks, and so on, and have limited
                experience with the XQuery and XSLT.  Most have never heard of XProc.  While the XProc
                processing model is powerful and conceptually allows pipelines to be easily expressed,
                the syntax is unwieldy and will turn most developers completely off.  It would behoove
                us in the XML community to address these issues to expand the utilization of XML
                technologies in such development scenarios.

            One of the things we have found most useful in this XML-centric approach to RESTful
                service construction is the use of XProc to operate on compound resources.  We noted in
                a section above that the XProc implementation we are using in our work creates
                transaction boundaries at the beginning and end of a pipeline.  This feature does not
                exist in all XProc engines, limiting the generality of the approach we describe
                here.

        
        
            Future Work

            Our work in this area continues.  We are exploring the use of XProc as the core engine in
                the View portion of a Spring MVC implementation.  We are exploring the use of finite
                state machines (FSM) to model application flows and are building an engine that
                interprets these FSMs, inserting hyperlinks in the resource representations. We are also
                investigating how other elements of RESTful service implementations (such as feed paging
                and eTag eTags support) can be integrated into the framework so as to
                continue lessening the load on the services developer.

        
        
            
    The XML REST Framework is available, along with a sample application, from the EMC
        Developer Network XMLRESTFW.  The distribution includes
        all source code.
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Notes
Note that while REST is an architectural style that does not require HTTP, in
                    practice most RESTful services are offered over HTTP and we will focus on those
                    here.

            
View note in Notes section
Note that JSON resource representations are increasingly popular.  The
                    approach we describe in this paper does not preclude such representations and
                    XSLT is also an excellent choice for XML to JSON transformations.

            
View note in Notes section

	[1]Note that while REST is an architectural style that does not require HTTP, in
                    practice most RESTful services are offered over HTTP and we will focus on those
                    here.

            

	[2]Note that JSON resource representations are increasingly popular.  The
                    approach we describe in this paper does not preclude such representations and
                    XSLT is also an excellent choice for XML to JSON transformations.
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            Abstract
This paper attempts to analyze the performance benefits that are achievable by
                adding a code generation phase to an XSLT or XQuery engine. This is not done in
                isolation, but in comparison with the benefits delivered by high-level query
                rewriting. The two techniques are complementary and independent, but can compete for
                resources in the development team, so it is useful to understand their relative
                importance. We use the Saxon XSLT/XQuery processor as a case study, where we can now
                translate the logic of queries into Java bytecode. We provide an experimental
                evaluation of the performance of Saxon with the addition of this feature compared to
                the existing Saxon product. Saxon's Enterprise Edition already delivers a
                performance benefit over the open source product using the join optimizer and other
                features. What can we learn from these to achieve further performance gains through
                direct byte code generation?
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        Introduction

        Many modern compilers generate code in an intermediate representation which is then
            interpreted by a virtual machine. One of the best known examples is Java: its
            intermediate code (known simply as bytecode) has proved flexible enough to be used as a
            target by many other high-level languages, allowing these languages to be mixed in the
            same Java Virtual Machine (JVM). XSLT and XQuery are no different from other languages
            in this respect, and a number of processors for these languages have used code
            generation to boost performance. There are few reports, however, that enable the
            effectiveness of this technique to be assessed, largely because of the difficulty in
            attributing performance differences to one particular optimization technique. This paper
            attempts to evaluate the impact of introducing code generation into the Saxon processor,
            enabling such a comparison to be made.

        One well-known XSLT processor that compiles queries to Java bytecode is XSLTC [XSLTC]. [XSLTC] at a superficial level works by
            parsing the XSLT into an Abstract Syntax Tree (AST) which then goes through a
            type-checking phase before being compiled into Java bytecode. The output is a so-called
                translet class which can be used for
            transformations or saved to disk for re-use later. For XSLTC (which is distributed as
            part of the Apache Xalan-J package), the aim is not only to deliver enhanced performance
            in the runtime execution of queries, but also to produce a compact executable (the
            translet) which can be readily shipped around the network and executed anywhere.

        Code generation is also believed to be used in a number of proprietary XSLT
            processors, such as the Datapower processor [DataPower] and
            Microsoft's .NET processor. However, no technical details of these products have been
            published in the literature.

        Saxon first introduced Java code generation as long ago as version 4.2 [Kay1999] (some six months before XSLT 1.0 was published in 1999).
            However, this proved to be something of a blind alley, since it became clear that much
            greater performance gains could be realized through other optimization techniques, and
            that the existence of a code generator actually made these techniques more difficult to
            introduce. The architecture of Saxon at this time was to interpret the DOM of the source
            stylesheet directly instead of building an expression tree. This design made it
            impossible to do any extensive optimisation rewrites, as it is done now. One of the
            present authors [Kay2006a] argued that  high-level
                optimizations are more important, and that compiling expressions to bytecode might
                reduce the scope for high-level optimizations, if only by making them more complex
                to implement and debug.As a result, the code generation was "shelved" while
            the architecture was changed to introduce tree rewriting. 

        Eventually code generation re-emerged in version 8.9 (Feb 2007), supporting XQuery
            only. It still took the form of Java source code generation, rather than bytecode
            generation. But it cannot be counted a great success: we are aware of very little usage.
            This is for several reasons:

        
                	
                    From a user perspective the generation of java source code is cumbersome,
                        requiring three phases: firstly they must generate the Java source code to a
                        file, then the Java source must be compiled, and finally the query can be
                        executed.

                

                	
                    The performance gains are modest (typically 25% improvement).

                

                	
                    There are numerous restrictions concerning the subset of the language that
                        is supported in this mode.

                

            

        This paper describes a new approach in which we hope to eliminate these problems. In
            particular, we believe that a 25% speed-up is not enough to encourage users to go to a
            great deal of effort in the way they execute their stylesheets and queries, but it will
            be much appreciated if it comes with no effort. There is a commercial factor which
            motivates this: Saxon is distributed in two versions, a free open-source product and a
            commercial paid-for version. While the commercial Enterprise Edition already has many
            features that users value, including features that can be used to deliver improved
            performance, users are sometimes disappointed to find it does not always run faster "out
            of the box". Code generation is an obvious way to remedy this, and ensure that users who
            pay their dues get some immediate benefit, with no need to change a single line of
            code.

        Our objectives in adding code generation to Saxon are rather different from those for
            XSLTC, and this affects the approach we have adopted. In particular, we are not
            primarily interested in producing an executable that can be saved to disk or sent around
            the network. Rather, we want to integrate code generation and interpretation closely, so
            that we only generate code where there is a performance benefit to be gained, and
            continue to interpret otherwise. This should ensure that there are no language
            restrictions or differences when using code generation; it allows development effort to
            be focused where the potential gains are largest; and it limits the extent to which the
            existence of a code generation phase working off the expression tree limits our freedom
            to evolve the design of the expression tree itself when implementing new rewrite
            optimizations. 

        The remainder of this paper is organized as follows. Firstly, we discuss the
            high-level optimization of Saxon. Secondly, we discuss the bytecode generation feature
            of Saxon. Then we give an experimental evalaution of the running time performance of
            bytecode generation compared to Saxon interpreted mode. We base our experiments on the
            XMark benchmark queries, and conclude our findings.

    
    
        High-level Optimization

        The Saxon XSLT/XQuery processor includes a number of internal processes to compile,
            simplify and execute queries or stylesheets efficiently. In our discussion we will only
            make reference to XQuery, however in the Saxon internals very similar processes apply to
            XSLT.

        Queries are parsed by a XSLT/XQuery compiler into a Abstract Syntax Tree (AST), which
            is a in-memory expression tree structure representing the logical structure of the
            query. In the case of XSLT, this tree combines the two sublanguages, XSLT and XPath,
            into a single integrated structure. References to variables and functions are largely
            resolved during parsing, an operation that is only slightly complicated by the fact that
            forwards references are permitted. Saxon then perfoms three optimization steps to
            produce the final AST that is interpreted at runtime. The first step is the
            normalisation of the AST, the second step is the type checking of the sub-expressions,
            and the third is expression rewriting. Detail of these are provided in the literature
                [Kay2008], [Kay2006b] and [Kay2005]. We summarize these steps below. 

        The optimizations require several depth-first traversals of the tree. In Saxon a
            visitor object provides a depth-first navigation of the expression tree. This class
            supports the various optimization steps involved in the processing of an expression
            tree, as it requires a recursive walk visiting each node in turn. A stack is also
            maintained as each node is visited, which holds the current ancestor nodes. The
            expression tree consists of many kinds of expression nodes, each of which implement the
            Expression interface. (This is the classic Interpreter design pattern.) The Expression
            class contains three important methods: simplify,
                typeCheck and optimize. 

                	
                    Normalisation. As in databases this is an important
                        step, where we minimize redundancies in queries. In Saxon the expression
                        visitor is used to walk the tree. At each expression node the simplify method is called on its child
                        sub-expressions before normalisation is applied if required. It is possible
                        that at each node the simplify method may be called
                        several times after the re-writing of sub-expressions. For example, the
                        XPath a/b/c is rewritten to docOrder(a!b!c), where
                        docOrder is an operator that eliminates duplicates and sorts into document
                        order, and ! is a simple mapping operator which evaluates
                            c once for each item in b, which in turn is
                        evaluated once for each item in a.

                

                	
                    Type Check. As we traverse the expression tree each
                        sub-expression node is type checked. Here checks are performed on the
                        operands of the expression, whether the static types of the operands are
                        known to be subtypes of the required type. [Kay2006b]
                        details several possible outcomes in the process: The static type is a
                        subtype of the required type, then no further check is required, or some
                        instances only are instances of the required type, here a node is inserted
                        in the tree to indicate run-time type check required. The other possiblility
                        is that the static type and the required type are disjoint, therefore Saxon
                        generates a type error at compile time. Saxon also performs atomization
                        conversions, such as casting of untypedAtomic values. It also removes any
                        redundant conversions, such as casts written by the user. 

                

                	
                    Expression Rewriting (Optimization). The optimizing
                        of XSLT stylesheets, XQuery and XPath expressions is a well studied area,
                        which has provided implementations significant performance gains. In [Kay2007] and [Snelson2011] there is a
                        detailed study of the main optimization techniques, some of which are used
                        in Saxon. The rewrite of expressions is achieved in the
                            optimize method, requiring a third pass of the
                        expression tree. Saxon performs join optimization (familar in database
                        languages), by replacing predicate expressions with key indexes. There are
                        other techniques such as function inlining and the optimization of tail
                        recursion, which is familar in functional programming languages. This is
                        another area where Saxon differentiates the commercial product from the free
                        open-source product: many of the more advanced optimizations are available
                        in the Enterprise Edition only.

                

            

        Each of these phases adds information to the tree. The most obvious information is the
            inferred static type of each expression, but there are many other properties that play
            an equally important role: for example the dependencies of an expression on variables or
            on the dynamic context, and properties of node-sets such as whether they are known to be
            sorted and whether they can contain duplicates. 

    
    
        Bytecode Generation

        We now discuss a new Java bytecode generation feature in Saxon, which we consider as a
            fourth step in the optimization processes discussed in Section 2. It directly replaces
            the java source code generation feature provided in Saxon up to version 9.3. Here we are
            now generating the Java bytecode directly when compiling a query after it has been
            optimized. Our approach is different to that in XSLTC because we are generating bytecode
            selectively for expressions that are considered to have potential performance
            improvements, so that interpreted code and compiled code interact freely. The fact that
            compiled code exists only transiently in memory means that it can refer to data
            structures on the expression tree, rather than regenerating them at initialization time.
            In the longer term, this architecture also leaves the door open to just-in-time
            compilation (or hotspot compilation) based on observed execution patterns at
            run-time.

        There are a number of Java class manipulation tools available (see Bruneton2002). One of the most widely used of these tools is BCEL [Dahm1999, Bruneton2002]. In this tool the class
            modification is achieved in a three part process: The bytecode representing the class is
            deserialized into a constructed class structure in memory, with a object created for
            each node, right down to the bytecode instructions. This structure is then manipulated
            in the second phase. The third phase is to serialize the modified object structure into
            a new byte array. 

        We chose instead to use the ASM [Bruneton2002] framework library
            tool to generate bytecode for queries. ASM [Bruneton2002] claims to be
            smaller and to give better performance than other tools. Where BCEL builds a DOM-like
            tree representation of the code, ASM works using a series of SAX-like streaming passes
            over it. There are other Java class manipulation tools which we only mention here such
            as SERP, JIOE: these are described in [Bruneton2002]. We have not done
            any experimental anaylsis of the Java class manipulation tools nor is there scope in
            this paper to provide an anaysis of these tools. Nevertheless, we have chosen the ASM
            library based upon [Bruneton2002], due to the simplicity of the tool
            and our requirement which only relied upon a small part of the library to dynamically
            generate bytecode in the runtime of queries.

        The bytecode generation process has as input an AST, optimized to a greater or lesser
            extent in earlier phases depending on the Saxon product that is used. The top-level
            expression in each function or XSLT template is compiled into an equivalent Java
            bytecode class. We call this a CompiledExpression: it is
            constructed as we traverse the AST and can be evaluated at runtime. If the expression
            cannot be compiled, perhaps because it uses unusual language constructs, it is simply
            interpreted instead: but its subexpressions can still be compiled. The structure of the
                CompiledExpression is as follows: Firstly we generate static
            variables which have been initialised. As mentioned above, we are generating transient
            bytecode that works interchangably with interpreted code. The static variables in the
            generated code contain references to data on the expression tree: either whole
            expressions, or helper classes such as node tests, comparators, converters, and the
            like. For example, the NodeTest object, which provides XSLT pattern
            matching, acts as a predicate in axis steps, and also acts as an item type for type
            matching, is stored as a static variable available for use in the bytecode generated. 


        As discussed in [Kay2009] and [Kay2010], Saxon can
            execute internally in both pull and push mode.
            In pull mode, an expression iterates over the data supplied by its child expressions;
            child expressions therefore implement an iterate()
            method which delivers results incrementally to the caller. In push mode, an expression
            writes SAX-like events to an output destination (a Receiver). Choosing between pull and push mode can make a substantial
            difference to performance: during development, when we have observed situations where
            compiled code was outperformed by interpreted code, it was generally because the
            interpreter was making better decisions on when to pull and when to push. The compiled
            code therefore needs to work in both modes, so each
                CompiledExpression has two methods: an
                iterate method to deliver results to its caller, and a
                process method to write events to a Receiver. A third method,
                evaluateItem(), is provided for single-shot
            evaluation of expressions that always return a singleton result. Of course in many cases
            these methods will share common logic.

        
            Architecture of Java bytecode generator

            The ExpressionCompiler is an abstract class which represents
                the compiler (that is, Java bytecode generator) for a particular kind of expression
                on the expression tree. The ExpressionCompiler classes are used
                to build the CompiledExpression class in bytecode, traversing
                the expression tree in depth-first manner: there is a one-to-one correspondence
                between the classes implementing the expression on the expression tree and the
                compiler object used to generate Java code fragments[1]. The following methods are supplied to compile expressions; exactly one
                of them is called, depending on the context in which the expression appears:
                
compileToItem    - Generate bytecode to evaluate the expression as an Item
compileToIterator - Generate bytecode to evaluate the expression as an Iterator.
compileToBoolean  - Generate bytecode to evaluate the expression as a boolean.
compileToPush     - Generate bytecode to evaluate the expression in push mode.
compileToLoop     - Generate bytecode to evaluate the expression in such a way that
                the supplied loop body argument is executed once for each Item. 
compileToPrimitive - Generate bytecode to evaluate the expression as a plain Java value 
                     (e.g. int, double, String). This method must only be called if the 
                     target type of the expression is known  statically.


            Within each kind of expression one or more of the methods above is implemented.
                For example, the exists() function delivers a
                boolean value so we implement the compileToBoolean
                method. To understand why compiled code is sometimes faster than interpreted code,
                it is useful to examine this example in some detail. Essentially, compiled code will
                only be faster than the interpreter if decisions can be made at compile-time than
                would otherwise be made at execution time. There are many cases where this is simply
                not possible: for example, code that is dominated by string-to-number conversion
                will gain no speed-up from compilation, because the actual code executed is
                identical whether it is compiled or interpreted. Making decisions at compile time is
                only possible where the information needed to make those decisions is present in the
                expression tree. For example, for the exists()
                function we compare its compileToBoolean method to
                the interpreted code and the Java source generation below. The simple query
                    exists(.) generates the following bytecode in push mode (simplified
                only to remove diagnostic information used by the debugger):

            
 public process(Lnet/sf/saxon/expr/XPathContext;)V
   L0
    // Get the Receiver to which output will be sent
    ALOAD 1    // the XPathContext object
    INVOKEINTERFACE net/sf/saxon/expr/XPathContext.getReceiver ()Lnet/sf/saxon/event/SequenceReceiver;
    ASTORE 2   // local variable holding the current Receiver
    ALOAD 2
   L1
   L2
    // Get the context item (evaluate ".")
    ALOAD 1    // the XPathContext object
    INVOKEINTERFACE net/sf/saxon/expr/XPathContext.getContextItem ()Lnet/sf/saxon/om/Item;
    DUP
    // Generate an error if no context item is defined
    IFNONNULL L3
    NEW net/sf/saxon/trans/XPathException
    DUP
    LDC "Context item for '.' is undefined"
    LDC "XPDY0002"
    INVOKESPECIAL net/sf/saxon/trans/XPathException.<init> (Ljava/lang/String;Ljava/lang/String;)V
    DUP
    GETSTATIC CE_main_671511612.nContextItemExpression0 : Lnet/sf/saxon/expr/ContextItemExpression;
    INVOKEVIRTUAL javax/xml/transform/TransformerException.setLocator (Ljavax/xml/transform/SourceLocator;)V
    ATHROW
    // Load "true" (1) or "false" (0) depending on whether the value is null
   L3
    IFNULL L4_returnFalse
    ICONST_1    //Load true (1)
    GOTO L5
   L4_returnFalse
    ICONST_0    //Load false (0)
   L5_endExists
    // Convert the result to a Saxon BooleanValue object and send it to the Receiver
    INVOKESTATIC net/sf/saxon/value/BooleanValue.get (Z)Lnet/sf/saxon/value/BooleanValue;
    INVOKEVIRTUAL net/sf/saxon/event/SequenceReceiver.append (Lnet/sf/saxon/om/Item;)V
    RETURN
}

            It is interesting to compare this with the java source code generated for the same
                query exists(.) using Saxon 9.3:
                
public void process(final XPathContext context) throws XPathException {
    SequenceReceiver out = context.getReceiver();
    if (context.getContextItem() == null) {
        dynamicError("The context item is undefined", "XPDY0002", context);
    }
    final boolean b0 = (context.getContextItem() != null);
    out.append(BooleanValue.get(b0), 0, NodeInfo.ALL_NAMESPACES);
}
The
                logic is very similar, and in fact the bytecode generated when this Java source code
                is compiled is very similar too (just fractionally less efficient because of the
                unnecessary boolean variable b0). See the bytecode of the Java
                source code in Bytecode of generated Java source code, which can be compared with the generated
                bytcode above. Thus for a typical query, the new bytecode generation feature does
                not provide noticeable performance benefits over the generated java source from
                Saxon 9.3. However from a usability point-of-view, the advantage is that there is no
                need to compile and run the java program source code, which makes all the difference
                for a typical user.

            It's also worth noting that the logic in Saxon to generate the bytecode is not
                significantly more complex than the logic that was used to generate Java bytecode.
                All the complexity is in the ASM library. Debugging the logic when it is incorrect
                can be a little harder however (diagnostics are not ASM's strongest feature). 

             

        

    

    
        Experimental Evaluation

        In this section we draw comparisons of the running time performance between
            interpreted code and generated bytecode. An important aim is to compare the impact of
            code generation with the impact of high-level rewrite optimizations: to this end we run
            with four configurations, both features being switched on or off. (In the released
            product, neither feature will be available in the open source Saxon-HE, and by default
            both will be enabled in Saxon-EE).

        
            Setup

            We used Saxon 9.3.0.4 as the baseline. The test machine was a Intel Core i5
                processor 430M laptop with 4GB memory, 2.26Ghz CPU and 3MB L3 cache, running Ubuntu
                10.04LTS Linux. The compiler was Sun/Oracle Java 1.6.0.2. The experiments are based
                on the XMark benchmark [XMark]. We use the XMark XQuery queries
                numbered q1 to q20, and synthetically generate several XML data files from [XMark], these being of sizes in the range 1MB to 64MB.

            
                Running Times

                The 20 XMark queries are run repeatedly up to 1000 times or until 30 seconds
                    have elapsed, and we record the average time spent to complete the runs, using
                    the system clock in Java. [Running times of the 20 XMark XQuery queries] shows the complete
                    running times. We show these for Saxon-HE, Saxon-Bytecode, Saxon-EE and
                    Saxon-EE-Bytecode (that is, with weak optimization and no code generation; with
                    weak optimization plus code generation, with strong optimization and no code
                    generation, and with strong optimization followed by code generation). We
                    compare the running times of the Saxon-EE product for the interpreted code and
                    bytecode. We found on average over all files that bytecode generation gave
                    between 14% and 27% improvement.
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Figure 1.Scalability test. Running time performance for different file sizes on
                        query 10Scalability test: For Saxon-HE, Saxon-EE and Saxon-EE-Bytecode the
                            timing results of running the XMark benchmark query 10 on XMark
                            generated data files of sizes 2MB, 4MB, 8MB, 16MB, 32MB and 64MB. For
                            Saxon-HE the running time for the 64MB data file is omitted as it goes
                            off the graph.


                In Figure 1, “Scalability test. Running time performance for different file sizes on query 10”, we show a graph of the scalability of running
                    the query 10 on the XMark data files of sizes ranging from 2MB to 64MB with
                    Saxon-HE, Saxon-EE and Saxon-EE-Bytecode. In Saxon-EE and Saxon-EE-bytecode the
                    timing results show a linear growth as files become larger in size. For Saxon-HE
                    we observe a quadratic growth: this shows up the absence of join optimization in
                    the Saxon-HE product.

                In Figure 2, “XQuery Queries Running Times (10MB data file)” and in Table 3 in Running times of the 20 XMark XQuery queries we observe that for certain queries the performance of
                    bytecode generation is well above average. Queries 8, 10, 11 and 12 gave
                    improvements between 35% and 50%. We compare the Saxon-EE products with the
                    feature of Java code generation (Saxon-EE-JavaGen, featured in Saxon 9.3), the
                    interpreted code and bytecode. Again we see an overall improvement over the
                    intepreted code, but we observe similar results for Java code generation and
                    bytecode generation, the difference being approximately 10% on average over all
                    queries. 

            
            
                Effect of Optimization Rewrites


                Comparison of the timings for different data sizes shows that with weak
                    optimization, queries 8, 9, 10, 11 and 12 have performance that is quadratic in
                    the data size; with strong optimization, only query 11 is quadratic. This is
                    because queries 8, 9, 10 and 12 are equijoins, whereas query 11 is a
                    non-equijoin which the Saxon optimizer cannot handle well.
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Figure 2.XQuery Queries Running Times (10MB data file)For Saxon-EE-JavaGen (Java Generation in Saxon 9.3), Saxon-EE
                                and Saxon-EE-Bytecode the timing results of running XMark benchmark
                                query 7, 8, 9, 10, 11 and 12 on a 10MB XMark generated data
                                file.


            

        

    
    
        Using Hand-written Code as a Benchmark

        In the previous sections we've concentrated on comparing the performance of compiled
            queries and stylesheets with the same queries and stylesheets run under the interpreter.
            But there's another technique we have found useful, which is to compare the performance
            of a compiled query with hand-written Java code performing the same task. The
            performance of the hand-written code sets a target to aim for, and provides a measure of
            how much room for improvement is available.

        The results show great variation between different queries, which is useful
            information in itself. Here we'll consider two simple queries.

        The first computes the average income of buyers recorded in the XMark dataset: we're
            running the query
            
avg(//profile/@income)
 against the
            10Mb version of the dataset. 

        The Saxon interpreter runs this in an average of 792ms. Currently, when compiling to
            bytecode, the improvement is quite modest: average time is 768ms.

        The same query coded in Java looks like this:
            
NodeInfo root = doc.getUnderlyingNode();
AxisIterator descendants = root.iterateAxis
                      (net.sf.saxon.om.Axis.DESCENDANT, 
                       new NameTest(Type.ELEMENT, profileNC, pool));
NodeInfo profile;
double total = 0;
int count = 0;
while ((profile = descendants.next()) != null) {
    String income = Navigator.getAttributeValue(profile, "", "income");
    if (income != null) {
        total += Double.valueOf(income);
        count++;
    }
}


        The execution time for this code is 690ms. So we see that the interpreter is already
            almost as fast as the hand-written Java code. On the assumption that generated bytecode
            will rarely be better than hand-written Java code, there is little headroom available
            for the code generator to make a significant impact. It's easy to see why this should be
            the case: the query is spending nearly all its time (a) searching the descendant axis
            for <profile> elements, and (b) converting
            attribute values from strings to numbers. These two operations are done by library
            routines that execute exactly the same code whether it is run under the XQuery
            interpreter, the XQuery code generator, or the hand-written Java code. Both routines
            have been carefully tuned over the years and there is little scope for improvement;
            neither is doing any work that doesn't absolutely need to be done.

        Our second query is rather different. This one doesn't in fact process any XML, so one
            could argue that it is atypical; but as a fragment within a larger query it is code that
            one might well encounter:
            
sum(for $i in 1 to $p return xs:double($i)*xs:double($i))

            Here, with $p set to 100000, the XQuery interpreter executes the query in 29.4ms. The
            equivalent hand-written Java code is
            
double j = 0;
for (int i=1; i<=100000; i++) {
    j += (double)i * (double)i;
}
and
            this executes much faster, in just 1.2ms. So this time there is a lot more headroom, a
            lot more scope for the code generator to make a difference. Our first version of the
            code generator in fact made no difference at all to the execution time of this query (a
            mere 1% improvement, which is within the range of experimental error). It's not
            difficult to see why: the generated code was essentially an inlined version of the same
            instructions that the interpreter was executing, except for a very small amount of
            control logic to walk the expression tree. Comparing this with the hand-written code in
            this case shows us that we can do a lot better. There is no reason in principle why the
            XQuery code should not run just as fast as the Java code. We're not quite there yet, but
            we have improved it to around 12ms. One technique that proved useful in achieving this
            was to write a Java program that executed the same logic as the XQuery-generated
            bytecode, and to measure the effect of making a variety of improvements to it: this
            exercise showed where it would be worthwhile to invest effort. The two areas that
            account for the improvement are: 

                	
                    Removal of unnecessary boxing and unboxing operations. Saxon generally
                        wraps simple values such as integers, strings, and booleans in a wrapper
                        (IntegerValue, StringValue, and BooleanValue, all subclasses of AtomicValue)
                        so they can all be manipulated using polymorphic methods. This means that
                        multiplying two doubles to produce another double involves not only the
                        multiplication, but two unboxing steps and one boxing step. Eliminating
                        these operations accounted for around half the improvement.

                

                	
                    Removal of unnecessary mapping iterators. The way this query is executed
                        in the interpreter is to create an iterator over the integers 1 to 100000;
                        the results of this iterator are piped into a mapping iterator which applies
                        a mapping function to each value, this being the expression xs:double($i)*xs:double($i); and the resulting
                        doubles are then piped to the sum() function, which reads through the
                        iterator and totals the values. Inverting this structure to a loop where a
                        running total is incremented in the body of the loop, as in the hand-written
                        Java solution, accounts for the other half of the improvement.

                

            

        The lessons from this exercise are firstly, that there are some execution paths where
            it is very hard to improve performance because it is already very close to optimal; but
            that there are other operations that still leave much room for improvement, and one good
            way to identify this is to compare the system-generated code with hand-written Java code
            that performs the same task.

    
    
        Conclusion


        The purpose of this paper was to study the performance benefits that can be achieved
            by adding a code-generation phase to an XSLT or XQuery processor. To do so, we examined
            these side-by-side with the benefits achieved by high level optimization rewrites. The
            two techniques are orthogonal to each other, in that one can do either or both, but it
            is interesting to analyze which delivers better improvements in relation to the
            cost.

        In the best case (or the worst case, depending on how you look at it), optimization
            rewrites can turn a query with quadratic performance into one with linear performance.
            This is something code generation can never aspire to. This therefore vindicates the
            approach that has been taken in Saxon of putting aside work on code generation until the
            high-level optimizer had achieved a sufficient level of maturity.

        The conclusion of our study is that compiled code can be expected to run about 25%
            faster than code executed under an optimal interpreter, but the improvements can be
            greater (up to 50% in our case) when the interpreter is less than optimal or when the
            individual expressions on the expression tree are performing tasks such as arithmetic
            operations or numeric comparisons whose execution time is small in comparison to the
            overhead of the control logic for invoking them.

        For Saxon, the extra 25% is well worth achieving, since there are many users with
            demanding workloads, and since the business model for the product relies on the
            development being funded by revenue from the small number of users with the most
            demanding requirements. For other products, the trade-off might be different: in
            particular the message from this study is that code-generation is something you should
            do only when all other opportunities for performance improvement have been
            exhausted.


    

    
        Bytecode of generated Java source code

        Using Saxon 9.3.0.4 generated Java code for the simple query exists(.) we
            show its byte code using the tool javap with option
                -c:
            
 public void process(net.sf.saxon.expr.XPathContext)   throws net.sf.saxon.trans.XPathException;
  Code:
   0:	aload_1
   1:	invokeinterface	#2,  1; //InterfaceMethod net/sf/saxon/expr/XPathContext.getReceiver:()Lnet/sf/saxon/event/SequenceReceiver;
   6:	astore_2
   7:	aload_1
   8:	invokeinterface	#3,  1; //InterfaceMethod net/sf/saxon/expr/XPathContext.getContextItem:()Lnet/sf/saxon/om/Item;
   13:	ifnonnull	25
   16:	aload_0
   17:	ldc	#4; //String The context item is undefined
   19:	ldc	#5; //String XPDY0002
   21:	aload_1
   22:	invokevirtual	#6; //Method dynamicError:(Ljava/lang/String;Ljava/lang/String;Lnet/sf/saxon/expr/XPathContext;)V
   25:	aload_1
   26:	invokeinterface	#3,  1; //InterfaceMethod net/sf/saxon/expr/XPathContext.getContextItem:()Lnet/sf/saxon/om/Item;
   31:	ifnull	38
   34:	iconst_1
   35:	goto	39
   38:	iconst_0
   39:	istore_3
   40:	aload_2
   41:	iload_3
   42:	invokestatic	#7; //Method net/sf/saxon/value/BooleanValue.get:(Z)Lnet/sf/saxon/value/BooleanValue;
   45:	iconst_0
   46:	iconst_2
   47:	invokevirtual	#8; //Method net/sf/saxon/event/SequenceReceiver.append:(Lnet/sf/saxon/om/Item;II)V
   50:	return

    
    
        Running times of the 20 XMark XQuery queries


        The following three tables show running times of the 20 XMark XQuery queries. Each
            query is executed 1000 or until 30 seconds have elapsed, whichever comes first. The
            average is time reported in micro-seconds. We show results for Saxon-HE (no
            optimization), Saxon-Bytecode (no optimization, with bytecode generation), Saxon-EE
            (with optimization), Saxon-EE-JavaCode (with optimization and java source code
            generation) and Saxon-EE-Bytecode (with optimization and bytecode generation). We also
            show the Saxon-EE-Bytecode speedup as percentages with respect to Saxon-EE times. The
            fastest Saxon configuration for each result is set in bold font.

                Table 1Running Times, with 1MB data file


                    
                        	Query
                        	Saxon-HE
                        	Saxon-Bytecode
                        	Saxon-EE
                        	Saxon-EE-Bytecode
                        	Bytecode speedup (%)
                    

                
                
                    
                        	q1
                        	0.363
                        	0.394
                        	0.095
                        	0.080
                        	NEG
                    

                    
                        	q2
                        	0.456
                        	0.452
                        	0.473
                        	0.432
                        	9%
                    

                    
                        	q3
                        	0.547
                        	0.450
                        	0.606
                        	0.416
                        	31%
                    

                    
                        	q4
                        	0.308
                        	0.296
                        	0.443
                        	0.380
                        	14%
                    

                    
                        	q5
                        	0.183
                        	0.127
                        	0.176
                        	0.144
                        	18%
                    

                    
                        	q6
                        	0.181
                        	0.208
                        	0.177
                        	0.166
                        	6%
                    

                    
                        	q7
                        	0.773
                        	0.717
                        	0.773
                        	0.626
                        	19%
                    

                    
                        	q8
                        	15.468
                        	12.630
                        	0.491
                        	0.458
                        	7%
                    

                    
                        	q9
                        	19.401
                        	15.833
                        	1.313
                        	1.058
                        	19%
                    

                    
                        	q10
                        	4.639
                        	4.128
                        	4.180
                        	2.329
                        	44%
                    

                    
                        	q11
                        	7.688
                        	5.984
                        	7.533
                        	4.957
                        	34%
                    

                    
                        	q12
                        	2.926
                        	2.226
                        	2.918
                        	1.812
                        	38%
                    

                    
                        	q13
                        	0.138
                        	0.137
                        	0.146
                        	0.152
                        	-4%
                    

                    
                        	q14
                        	1.740
                        	1.710
                        	1.698
                        	1.654
                        	3%
                    

                    
                        	q15
                        	0.108
                        	0.149
                        	0.123
                        	0.170
                        	-39%
                    

                    
                        	q16
                        	0.162
                        	0.161
                        	0.262
                        	0.274
                        	-5%
                    

                    
                        	q17
                        	0.175
                        	0.140
                        	0.176
                        	0.160
                        	9%
                    

                    
                        	q18
                        	0.343
                        	0.303
                        	0.231
                        	0.219
                        	5%
                    

                    
                        	q19
                        	1.774
                        	1.549
                        	1.633
                        	1.483
                        	9%
                    

                    
                        	q20
                        	0.371
                        	0.403
                        	0.454
                        	0.452
                        	NEG
                    

                
            



                Table 2Running Times, with 4MB data file


                    
                        	Query
                        	Saxon-HE
                        	Saxon-Bytecode
                        	Saxon-EE
                        	Saxon-EE-Bytecode
                        	Bytecode speedup (%)
                    

                
                
                    
                        	q1
                        	0.210
                        	0.209
                        	0.011
                        	0.012
                        	-7%
                    

                    
                        	q2
                        	0.408
                        	0.329
                        	0.416
                        	0.417
                        	NEG
                    

                    
                        	q3
                        	1.143
                        	0.845
                        	1.238
                        	0.962
                        	22%
                    

                    
                        	q4
                        	1.005
                        	0.926
                        	1.257
                        	0.922
                        	27%
                    

                    
                        	q5
                        	0.418
                        	0.268
                        	0.428
                        	0.305
                        	29%
                    

                    
                        	q6
                        	0.371
                        	0.362
                        	0.369
                        	0.306
                        	17%
                    

                    
                        	q7
                        	2.930
                        	2.908
                        	2.941
                        	2.354
                        	20%
                    

                    
                        	q8
                        	293.398
                        	207.416
                        	1.605
                        	1.107
                        	31%
                    

                    
                        	q9
                        	333.601
                        	257.565
                        	2.992
                        	2.750
                        	8%
                    

                    
                        	q10
                        	52.349
                        	41.815
                        	19.142
                        	9.514
                        	50%
                    

                    
                        	q11
                        	119.141
                        	90.013
                        	118.535
                        	71.100
                        	39%
                    

                    
                        	q12
                        	37.280
                        	26.328
                        	37.029
                        	20.050
                        	46%
                    

                    
                        	q13
                        	0.254
                        	0.216
                        	0.262
                        	0.261
                        	NEG
                    

                    
                        	q14
                        	6.531
                        	6.181
                        	6.489
                        	6.011
                        	7%
                    

                    
                        	q15
                        	0.325
                        	0.294
                        	0.382
                        	0.434
                        	-14%
                    

                    
                        	q16
                        	0.536
                        	0.453
                        	0.597
                        	0.627
                        	-5%
                    

                    
                        	q17
                        	0.632
                        	0.501
                        	0.700
                        	0.537
                        	23%
                    

                    
                        	q18
                        	0.692
                        	0.601
                        	0.577
                        	0.517
                        	10%
                    

                    
                        	q19
                        	4.613
                        	4.164
                        	4.517
                        	3.638
                        	19%
                    

                    
                        	q20
                        	1.428
                        	1.397
                        	1.689
                        	1.449
                        	14%
                    

                
            



                Table 3Running Times, with 10MB data file


                    
                        	Query
                        	Saxon-HE
                        	Saxon-Bytecode
                        	Saxon-EE
                        	Saxon-EE-Bytecode
                        	Bytecode speedup (%)
                    

                
                
                    
                        	q1
                        	0.597
                        	0.519
                        	0.010
                        	0.015
                        	NEG
                    

                    
                        	q2
                        	1.067
                        	0.820
                        	1.130
                        	0.880
                        	22%
                    

                    
                        	q3
                        	3.415
                        	2.505
                        	3.63
                        	2.54
                        	30%
                    

                    
                        	q4
                        	2.8824
                        	2.5606
                        	3.66
                        	2.43
                        	34%
                    

                    
                        	q5
                        	1.0686
                        	0.6742
                        	1.08
                        	0.76
                        	30%
                    

                    
                        	q6
                        	0.9080
                        	0.8893
                        	0.90
                        	0.76
                        	16%
                    

                    
                        	q7
                        	7.487
                        	7.403
                        	7.55
                        	6.03
                        	20%
                    

                    
                        	q8
                        	1725.13
                        	1295.78
                        	5.00
                        	3.26
                        	35%
                    

                    
                        	q9
                        	2081.03
                        	1534.66
                        	10.1
                        	8.168
                        	19%
                    

                    
                        	q10
                        	325.35
                        	276.57
                        	49.74
                        	25.16
                        	49%
                    

                    
                        	q11
                        	701.79
                        	539.59
                        	708.45
                        	421.38
                        	41%
                    

                    
                        	q12
                        	228.34
                        	162.37
                        	228.38
                        	124.48
                        	45%
                    

                    
                        	q13
                        	0.66
                        	0.58
                        	0.70
                        	0.59
                        	16%
                    

                    
                        	q14
                        	15.57
                        	15.23
                        	16.03
                        	14.73
                        	8%
                    

                    
                        	q15
                        	0.77
                        	0.72
                        	0.94
                        	1.05
                        	-12%
                    

                    
                        	q16
                        	1.28
                        	1.11
                        	1.50
                        	1.39
                        	7%
                    

                    
                        	q17
                        	1.59
                        	1.26
                        	1.77
                        	1.27
                        	28%
                    

                    
                        	q18
                        	1.86
                        	1.62
                        	1.57
                        	1.29
                        	18%
                    

                    
                        	q19
                        	12.85
                        	12.12
                        	12.64
                        	10.90
                        	14%
                    

                    
                        	q20
                        	5.32
                        	3.64
                        	5.92
                        	3.74
                        	37%
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                        is a rare example of a distortion to the design caused by Saxon's need to
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      Abstract
The connection between notation and the content it expresses is always contingent, and
        mediated through complex layers of interpretation. Some content bears directly on the
        encoder's intention to convey a particular meaning, while other content concerns the
        structures in and through which that meaning is expressed and organized.
          Interpretive frames are abstractions that serve as context for
        symbolic expressions. They form a backdrop of dependencies for data management and
        preservation strategies. Situation semantics offers a theoretical grounding for interpretive
        frames that integrates them into a general theory of communication through markup and other
        notational structures.
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    Introduction

    The distinction between a digital resource's content and its expressive format is usually
      described in different terms than the content/presentation distinction familiar to markup
      researchers and practitioners. In both cases one understands that the same content can be
      formatted or presented in different ways. But the word “format” typically
      connotes a discrete symbolic notation—one that might encode conceptual content,
      structural information, presentational instructions, or all three.
      “Presentation” is usually understood as patterns of energy or matter that
      visually or audibly communicate (via shared graphical or auditory interpretive conventions)
      resource structure and content to human minds. Standardized and proprietary digital file
      formats are the most familiar of these notations.

    Proposals for semantic enrichment or digital preservation often focus on methods for
      transforming resources from one format into another. Colloquial XML can be transformed into
      RDF via XSLT sperberg-mcqueen04, or into horn clause assertions through a
      Prolog application dubin03. But although notations like RDF and first order
      logic may admit more expressive distinctions than colloquial XML, such transformations at best
      merely re-express resource semantics in a more convenient form for drawing inferences or some
      other purpose“those semantics aren't inherent in the notation. The connection between
      resource and content (i.e., a symbol structure and the content it expresses) is always
      contingent: the same symbols might just as easily express different content, or no content at
      all renear07. In the context of some particular assertion event, correct
      interpretation of encoded content is typically mediated through many expressive layers. In the
      following sections, we discuss the relationships among content, structure, and presentation,
      and situate them with respect to our ongoing research in scientific data management.

  
  
    Background

    This work is part of the Data Conservancy, an ongoing scientific data management project
      funded by the National Science Foundation's Office of Cyberinfrastructure choudhury09. Our aims are to develop formal terminology and identity conditions
      for concepts of general importance to the management and use of scientific datasets (e.g.,
      observation, data content, version, format, etc.). Our proposed formalizations are expressed
      as terminological axioms in the Description Logic ALC schmidt-schauss91
      baader03. Although these may later base ontologies that can direct automated
      reasoning over data set descriptions, our current aims are merely analytic: we propose,
      challenge, and revise the models in the context of reviewing and informing data curation
      practices and system design decisions. For example, we suggest that a model separating
      abstract propositional content of a scientific assertion from the observation event justifying
      that assertion may ease data integration across a series of related studies (e.g., replication
      of findings): 

    Figure 1.
        	
          Equation (a)

            Proposition ⊑ AbstractThing
          


        

        	
          Equation (b)

            SimpleProposition ⊑ Proposition
          


        

        	
          Equation (c)

            ComplexProposition ⊑ Proposition
          


        

        	
          Equation (d)

            Conjunction ⊑ ComplexProposition
          


        

        	
          Equation (e)

            Observation ⊑ Event
          


        

        	
          Equation (f)

            Computation ⊑ Event
          


        

        	
          Equation (g)

            Assertion ⊑ Event
          


        

        	
          Equation (h)

            SystematicAssertion ≡ Assertion ⊓
              ∃warrantedBy.(Observation ⊔ Computation)
          


        

        	
          Equation (i)

            (Proposition ⊓ ∃substanceOf.SystematicAssertion) ⊑
              DataContent
          


        

        	
          Equation (j)

            (Proposition ⊓ ∃conjunctOf.DataContent) ⊑
              DataContent
          


        

      

    

    The reader is invited to imagine simple propositions as standing (as reified RDF
      statements do) in subject, predicate, and object relations to entities and properties in a
      scientific domain like chemistry or ecology. But unlike reified RDF, our simple propositions
      are completely abstract, requiring no concrete expression. hayes04.
      Propositions standing in the same subject, predicate, and object relations are strictly
      identical. On this understanding, different data sets might have exactly the same
      propositional content, but differ in the observations or computations that justify their
      assertions. Similarly, two scientists might appeal to exactly the same observation events as
      justification for very different (or even contradictory) assertions. 

  
  
    On the content of digital resources

    In the context of our research on scientific data, we view resource
      “content” as propositional in nature. A proposition is an
      abstract thing which can be the object of propositional attitudes (such as belief or doubt)
      and the bearer of truth values. We consider propositions to be the language independent
      entities that are the meanings of those sentences (or other symbol structures) that express
      them. Artistic and literary resources may have forms of non-propositional content that are
      inseparable from the expressive choices of their creators, but artistic and literary content
      are not our focus in this study.

    Specifically, we are concerned with two kinds of propositional content:

    
      
        	Conceptual Content

        	
          Conceptual content is the distinct intellectual contribution supplied by the digital
            resource, which in our study concerns entities, properties, and relations in a
            scientific domain. This type of content corresponds, roughly, to the
            “work” entity type in the FRBR model ifla98, or, with a
            slightly different connotation, the “Deliverable Unit” in the PLANETS
            model sharpe09. Conceptual content is typically considered the main
            preservation target, though on our account such content, being abstract, is not subject
            to corruption and so isn't literally preserved.

        

      

      
        	Structural Content

        	
          The second kind of propositional content concerns abstract structures in and through
            which conceptual content is expressed and organized. The paragraphs, chapters, and
            footnotes of conventional documentation are among these structures, as well as database
            relations, spreadsheet rows, and lines and arcs of vector graphics. Examples of
            structural content would include the fact that a particular text string is a paragraph,
            or that an arc has particular coordinates in an abstract display plane.

        

      

    

    The digital data resources that concern us are encoded symbol structures that express
      scientists' claims, with our analysis aimed at supporting format migration, digital
      preservation and data integration. Abstract symbol structures and propositions do not undergo
      changes of state renearwickett09, and so the problem is one of maintaining a
      connection between conceptual content and the structures that express it. This is easier when
      structural content is directly encoded within a digital resource as, for example, with XML
      declarations, PostScript prologues, and other forms of metadata. In the following sections we
      consider the connections between the propositions expressed through these technologies, and
      the chain that links the bit level to the conceptual level.

  
  
    Data Expression and Interpretive Frames

    By the account in the earlier section, data content are a subset of abstract propositions,
      obtaining their status in virtue of their systematic assertion by a researcher. But the
      digital data resources that concern us are encoded symbol structures that express data
      content. Our problem is the contingent nature of this connection: data express their
      conceptual content not simply in virtue of their arrangement and structure, but always with
      reference to what we call interpretive frames. These are abstractions
      that frame the interpretive context for symbolic expressions: 

    Figure 2.
        	
          Equation (k)

            SymbolStructure ⊑ AbstractThing
          


        

        	
          Equation (l)

            InterpretiveFrame ≡ (AbstractThing ⊓
              ∃interpretiveContextFor.SystematicAssertion)
          


        

        	
          Equation (m)

            Data ≡ SymbolStructure ⊓
              ∃primaryExpressionFor.SystematicAssertion)
          


        

      

    

    At the risk of understating their complexity, one can think of interpretive frames as
      functions or mappings between structural propositions at different expressive levels, or from
      structural propositions to conceptual propositions. Examples of interpretive frames include
      the grammatical rules expressed by an XML Schema, coded character sets such as ASCII, the
      convention of writing numbers as strings of Arabic numerals with ten as the implied numerical
      base, the Hierarchical Data Format standard, and all dialects of the English language as they
      are spoken today. Interpretive frames also include any systematic expressive choices that may
      be local to a particular digital resource, such as a correspondence between successive rows of
      a spreadsheet and the order of transactions in a scientific experiment.

    In pointing to contingent interpretations as “our problem,” we don't mean
      that to suggest encoding standards, markup technologies, or even common data management
      practices are seriously flawed. While we're motivated by practical problems, such as
      under-documented spreadsheets, in highlighting the complexities of interpretation we don't
      mean to suggest that effective tools and solutions are lacking. But discussions of these
      methods tend to foreground regularity in a resource's primary expressive structure, and
      neglect the interrelationships among interpretive frames at different levels of abstraction.
    

  
  
    Working Example

    The following digital image can serve as an example of the distinctions we wish to draw.
      The resource Fisher5 is an Encapsulated PostScript file adobe90 Its prologue
      consists of reusable functions, written to draw box-and-whisker plots from frequency
      distribution parameters. The final lines of the file lay out the parameters for the single
      plot:

    
/outliers 1 2.0 1 4.2 1 4.4 1 4.1 4
/left 2.2 /loq 2.8 /med 3 /upq 3.3 /right 4.0 /min 2.0 /max 4.4
/label (Anderson/Fisher Sepal Width Data) box

showpage


    Displayed in an appropriate document viewing application, the file's presentation looks
      like this:

    [image: Dubin01-001]
        
      
Figure 3.
    The following propositions comprise Fisher5's conceptual content:

    
      	
        A certain frequency distribution is called “Anderson/Fisher Sepal Width
          Data.”

      

      	
        The minimum value of that distribution is 2.0.

      

      	
        The maximum value is 4.4.

      

      	
        The median of that distribution is 3.

      

      	
        The upper and lower hinges are 3.3 and 2.8, respectively.

      

      	
        The distribution has four outliers, one each at values 2.0, 4.2, 4.1 and 4.4.

      

      	
        2.2 and 4.0 are (respectively) the lowest and highest values that lie within 1.5
          midspreads of the hinges.

      

    

    Structural content would include (among other things):

    
      	
        Fisher5 is an Encapsulated PostScript File

      

      	
        The bounding box coordinates for this resource are 175,655 and 487,745.

      

      	
        the octet 0x6d at offset 0x622 is a Latin lower case letter m.

      

      	
        “/med” is a PostScript label

        “/med” names a parameter to the function “box.”

        “/med” identifies the median of a distribution.

      

    

    ASCII, PostScript, John Tukey's graphical convention for distribution summaries, and a
      special-purpose language for encoding box plots are among the interpretive frames that connect
      the listing above to the conceptual propositions it expresses.

    Among the format migration options to be considered for Fisher5 in a preservation scenario
      are keeping the resource in its original PostScript expression, transformation into vector
      PDF, or conversion into a raster PNG file. Strictly speaking, all three options preserve the
      conceptual content for human beings able to display the file using viewing software, provided
      that those viewers have an understanding of Tukey's box plot conventions. The current
      PostScript file encodes conceptual content in a declarative notation: median, range, hinges,
      and outliers are expressed in the scale of the original data, not the PS/PDF display plane
      coordinates. Those declarations would disappear in a translation from PS to PDF (usually
      understood as a lossless transformation). On the other hand, syntactically correct PostScript
      offers no guarantee of page independence (or, for that matter, halting). This PostScript file
      uses a non-embedded font that may not be as commonly available in the future as it is today.
      And the undocumented Postscript-based box plot markup language will be unfamiliar to people
      who might have an interest in extracting the data.

    It would be relatively easy to transform box plot markup language into RDF, preserving all
      of the conceptual propositions listed above, and avoiding the shortcomings of PostScript, PDF,
      and PNG. Such an RDF re-expression could also include structural information, such as that
      Fisher5 is a box-and-whisker plot. But unlike a PDF or PNG translation, the resulting RDF
      would not express a box plot, and the advantages Tukey's notation offers for rapid visual
      assessment and comparison would not be available. We don't mean to suggest that this is a
      dilemma, or that no better migration options than these four are available (SVG might offer
      the best of all of them, for example). But interpretive frames would form a backdrop of
      dependencies for any such solution.

  
  
    Situation Semantics and Interpretive Frames

    The usefulness of frameworks based situation semantics barwise83 for
      understanding the assignment of meaning to XML structures has been argued for by Wrightson
        wrightson01
      wrightson05 and Wickett wickett10. Barwise and Perry use
      situation semantics to model the meaning of indicative sentences as a relation between a situation[1] in which the sentence was uttered (the discourse
        situation) and a situation that the sentence describes (the described situation). The framework proposed by Wickett focuses on treating
      metadata records encoded in XML as a kind of utterance and, following Barwise and Perry,
      examining how specific elements of XML documents contribute to inform consumers of the
      resource situations that were used assign meaning to the document as a whole. Situation
      semantics can be used here to give a theoretical grounding for interpretive frames that
      integrates them into a general theory of communication through markup and other notational
      structures.

    In the case of data encoded in XML documents, we can also consider the document to be a
      series of indicative statements. In general a discourse situation gives an assignment for a
      speaker, an addressee, a (space-time) discourse location, and an expression. In terms of the
      framework (axioms) for encoding presented above, the speaker is the agent that commits to an
      expression, the discourse location is partially given by the assertion event, and the
      expression is the symbol structure that is the primary expression for the systematic assertion
      indicated in an assertion event. The role of the addressee and the end-point of the discourse
      location are left open until the document is viewed by some consumer of the data, only at this
      point will we have a complete discourse situation. 

    The described situation for data is a situation in which the real-world entities referred
      to by the symbol structures have the properties indicated by the relevant set of claims. In
      other words, the described situation is one in which the propositions that are the substance
      of the assertions (and therefore are data content) are all true. Since the described situation
      may not come to pass, we allow for data that is in error, by referring to things that do not
      exist or assigning properties to things incorrectly.

    In Situations and Attitudes, Barwise and Perry discuss resource
        situations, the situations that the actors participating in a discourse situation
      have access to and use to identify and assign referents for the expressions that make up an
      utterance. Interpretive frames, as presented above, are a particular kind of resource
      situation. One kind of interpretive frame is the resource situation that govern the mappings
      between symbol structures and the things they refer to. This mapping was discussed by Barwise
      and Perry (and Wickett) as the speaker's connections. This
      interpretive frame assigns things like identifiers to individual plants in laboratory study,
      or assigns one column of a spreadsheet to a particular property of those plants. The
      preservation of meaning (in translation or simply within a single discourse situation)
      requires that the connections established by the addressee of an utterance are the same as
      those intended by the speaker.

    XML documents, and digital objects in general, operate as communicative artifacts in
      virtue of a chain of computational structures that provide a background in which bitstreams
      can be understood as encoding symbolic structures. These interpretive frames are pointed to by
      things like standards for character encoding and by the various standards and specifications
      for hardware and software that allow us to create files and share them across systems. Barwise
      and Perry discuss how in natural language utterances, expressions that occur at one point in a
      discourse situation can supply a setting that influences how
      expressions that occur at another point in the discourse situation are understood. We can
      understand the interpretive frames that govern things like character encodings as resource
      situations that supply the necessary settings under which bitstreams can be interpreted as
      characters. 

  
  
    Discussion and Implications

    One of the goals of the Data Conservancy project is to support interoperability of
      scientific data products. An interoperable data product is one for which given any addressee
      (consumer of the data product), the set of connections that link the symbol structures to
      referents (objects of study, properties, values, etc.) are the same as those intended by the
      agent that indicated those symbol structures in the original assertion event. Representing
      structural propositions directly, either by asserting them (as with metadata annotations) or
      expressing them via encoding technologies like XML is one part of our strategy for helping to
      achieve this goal. Documentation of interpretive frames that connect propositions at different
      abstraction levels is another part of that same strategy. 

    We can see an application of these ideas in the OAIS Reference Model, which requires the
      inclusion of “representation information” as part of an Archival Information
      Package. This representation information is intended to give “information necessary to
      render and understand the bit sequences constituting the Content Data Object” lavoie04. However, it is important to draw a distinction between an interpretive
      frame and documentation of the frame. While OAIS representation information is necessary and
      can provide documentation of important aspects of the interpretive frames against which some
      data object is created, it must itself be in the form of a symbolic structure. On our view,
      interpretive frames are abstract mappings that correspond roughly to a situation
      barwise83. Therefore documentation can express elements of an interpretive
      frame, but a document cannot, by itself, be an interpretive
      frame. 

  
  
    Conclusions

    Document markup solutions already do a better job than other notations in explicating
      structural content, and connecting it to appropriate interpretive frames. XML documents begin
      by declaring what they are, which encoding governs the interpretation of bit patterns, and
      (typically) what schema provides a syntax for the document. XML metadata applications offer
      numerous other forms of documentation and linking to bridge interpretive gaps. Most of the
      observations we offer here can be found stated either directly or indirectly by proponents of
      semantic documentation and enrichment frameworks like Formal Tag Set Definition and
      Intertextual Semantics marcoux09. But professional and research literature
      on markup semantics tends to foreground the role of markup itself in licensing inferences
        sperberg-mcqueen02
      sperberg-mcqueen04
      sperberg-mcqueen11. Archiving standards like OAIS give an impression that
      “representation information” can supply needed interpretations, rather than
      simply document encoding choices. We recommend a different emphasis.

    In our work with scientific data, the author/researcher's assertion event—rather
      than the resulting expression structure—seems to us the locus at which key identities
      are established. According to our axioms, it is these assertions that make propositions into
      data content, and supply symbol structures with their contingent meanings. The encoder of a
      data set can be likened (as Wendell Piez has suggested) to the player in a nomic game piez09, accepting some responsibility for creating the constitutive rules that
      govern his or her choices.
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Notes
 The technical notion of a situation is close to our intuitive one: a situation occurs
          at a space-time location and involves individuals participating in certain roles and
          standing in relations. It also closely corresponds to the notion of a state of affairs,
          especially since situations are abstract objects that may or may not obtain.

      
View note in Notes section

	[1] The technical notion of a situation is close to our intuitive one: a situation occurs
          at a space-time location and involves individuals participating in certain roles and
          standing in relations. It also closely corresponds to the notion of a state of affairs,
          especially since situations are abstract objects that may or may not obtain.
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      Abstract
XML has proved to be a scalable archival format for messages of various kinds (e.g. email with MarkMail). It is also increasingly used as format of choice for several event models and taxonomies (XES, OASIS/SAF, CEE, XDAS) that need be both processable and human readable. As many eBusiness processes are also relying on XML for message content and/or protocol, there is a need to monitor and validate the messages and documents being exchanged as well as their sequences. XTemp is an XML vocabulary and execution language that is event-centric and intended for the analysis of sequence of events that represent traces of business processes. It is designed for both log analysis and real-time execution. It leverages XPath and XSLT.

    
    Keywords: Document Testing, Test Assertion

  
      Copyright © Fujitsu America, Inc., Pohang University, Axway, NIST: Used by permission.

    
    

  Introduction

  Objectives and Requirements

    XTemp is an acronym for 'XML Testing and Event-driven Monitoring of [business] Processes' also suggesting a strong 'temporal' aspect. The monitoring and testing of business processes and transactions serves anyone or a combination of these objectives:    


    
      	Compliance with agreements. These agreements may be business agreements such as SLAs, or regulatory compliance rules. They may also be infrastructure configuration agreements (e.g. ebXML CPA, WS-Policy). This category of testing includes SLA and SLO monitoring (service level agreements, objectives).
      


      	Business operations intelligence and improvement. This involves monitoring of operations, either internal business processes or external message exchanges (eBusiness). The primary intent is to help improve or predict operations by enhancing visibility, generating reports, alarms and various metrics of dynamic business activities. This includes analysis of logs of processes and of business transactions.
      


      	Compliance with specifications.  This could be seens as a particular form of agreement compliance, involving the use of IT standards. Such specifications may be of a business transaction, business process definition, documents exchanged, or of infrastructure behavior (e.g. messaging protocol). This includes verifying that the execution trace of a business process  conforms to the process definitions (e.g. XPDL, BPMN, UML). In the B2B area, the actual message exchanges must obey specified choreographies (e.g. RosettaNet/GS1, OAGI) whether defined in a machine-processable manner (e.g. using ebXML ebBP) or not. Compliance to profiles on how to combine existing specifications - as in WS-I (http://www.ws-i.org/) - also falls in this category.
      


    

    
In all these cases, it is assumed a business process generates a trace of its behavior - either as part of its business communicating function (messages) or as a log of its activities. It is also assumed that this trace can be modeled as events of various kinds, that are represented in - or may be mapped into - an XML format. This event format may be either a proprietary vocabulary or may follow a standard such as XES (http://www.xes-standard.org/), SAF (Symproms Automation Framework from OASIS), CEE (http://cee.mitre.org/), DMTF/CIM or XDAS. For example, a trace of exchanges between a Web client application and a Web service can be formatted in XML as done in [wsi10], including HTTP headers. 
    

    More detailed XTemp requirements are:  
      

		The same  test scripts should be executable either in a  “log analysis” mode where all events to be processed are already logged, or in a real-time monitoring mode where test script processing is driven by events as they occur, while having the ability to correlate these to past events. A mix of both situations must be handled as well.  XTemp assumes events to be stored in an “event board” that allows for past events selection and correlation.
	


		The script language must support a notion of concurrent execution proper to the monitoring and analysis of interleaved “threads” (or sequential traces) of events, e.g. mimicking the concurrency of  business processes or of B2B exchanges.
	


		The language must not be tied to a particular event format and content. Events in a log can be alarms, eBusiness policies, system configuration files, or B2B messages containing business documents. Any XML representation is acceptable provided that these events are timestamped in the same way, which may be done by using a thin common wrapper for all events.
	


		XTemp must be an XML vocabulary itself, so that XTemp scripts can be generated easily from templates representing monitoring or testing design pattern – e.g. using user input provided  via forms and wizards. Another reason to design XTemp as an XML vocabulary is to support easy generation of XML test reports, by an intuitive mix of in-line externally-namespaced XML fragments with XTemp-computed values, in the way XSLT allows.
	


		Finally a significant subset of XTemp (“core”) must be entirely implementable in XSLT2.0, and usable at least for non real-time executions (log analysis use cases).  This makes it easy to develop and debug scripts over sample logs, before deploying for real-time monitoring. This is a major usability requirement, as debugging concurrent programs or workflow programs is not an easy task.
	


      

  
  General Positioning of XTemp

    XTemp is workflow-capable in the sense that it provides a minimal set of operators that enable most workflow patterns, of which a good account has been provided in [wcfp06] (see also http://www.workflowpatterns.com/). Compared with workflow languages that are also XML-based and support a notion of event (BPMN / XPDL, WS-BPEL), XTemp has more of an analytical focus. While BPMN and XPDL have restricted the use of events to include only those types of events that will affect the sequence or timing of activities of a process, XTemp is accessing past events for correlation and analysis. Consequently its concept of Event Board is  more than an event Source, but also a queryable repository of events that can be used off-line or live. 
    

    
  Because its focus is the analysis of processes and of transactions via the events they generate, the general execution model of XTemp is time-aware and event-centric. Time awareness is based on a notion of virtual present date/time (VP-time) associated with a script execution, and decoupled from the actual present time (AP-time). The VP-time which can be set as part of the execution context - i.e. independently from the script logic - allows for the same script to execute either in a live mode (consuming events as they occur) or deferred mode (i.e. for static analysis of past events) or yet in a way that combines consumption of both real-time and logged events. As explained in the execution model overview, concurrency in XTemp is based on the notion of VP-time.
    

    
XTemp may be viewed as “yet another concurrent programming language”, but it is the first one that leverages XML in three ways: (a) for input (event) processing, (b) for in-line report generation, and ( c) for its own syntax which allows for generating scripts from script templates using transforms. Conversely, XTemp could be defined as “yet another XML processing language” close to XSLT, but one with built-in support for event processing support and concurrency capability. How XTemp relates to XSLT is discussed in more details in the Related Works section.
    

  
  

  Some Aspects of the Execution Model

  Event Processing

    
Because events often reflect on concurrent, distributed processes, XTemp supports a form of concurrency. However it is not intended for general concurrent programming and lacks many of the features found in such languages (e.g. advanced execution control as in coroutines, resource access control as semaphores or mutex). There are however two features that distinguish XTemp and highlight its analytic focus:
 

 
	(1) Event consumption is mediated via one or more event board(s) that provide more than conventional pub-sub functions. The event board serves both as event source and/or event sink, but more importantly supports access to past events (e.g. event ordering and access based on date, indexed access based on a provided 'key'). It is a queryiable event history, yet querying is not distinguished from live consumption as both operations are performed using the same primitive ('catch'). Thus an event may be consumed (accessed) more than once by a script. In other words there is no difference between event querying and event listening.


	(2) Time handling in XTemp revolves around the notion of 'virtual present time' (VP-time), a value that is contextual to the execution of every statement, yet a value that can be manipulated and modified intentionally before and during execution, allowing some distance with the actual present (or execution time). The VP-time is conditioning event consumption and governs the notion of concurrency in XTemp: two script executions are 'concurrent' if their VP-times overlap, meaning they can catch the same events - or at least events occurring over the same period, as consumed events may be 'masked' by a script so that they will not be consumed twice.




The notion of VP-time combined with the access allowed by event boards makes it possible to synchronize script execution with events regardless of the actual time of their occurrence. This in turn allows for executing the same script 'live' or 'deferred' (i.e. for static analysis of past events) by simply modifying the initial VP-time value. 
  

  
  Time Control


An XTemp script is composed of several script units called 'scriplets' that can invoke each other, with functional semantics with regard to the output they may or may not produce - XML fragments called 'X-effect' - the aggregation of which represents the complete script output called 'report'. Scriplet execution follows a (virtual) thread model: scriplets may be concurrent to each other if their VP-times overlap, but more important is how they influence each other's VP-times. By default, a scriplet invocation is 'synchronized' as it is blocking the invoking scriplet ('blocking' invocation) until completion of the invoked scriplet. This blocking means that the next statement after the invocation is set to the ending VP-time of the invoked scriplet - in which case both scriplets can still execute in a single thread implementation-wise as they cannot consume (or produce) same or co-occurring events.  A 'non-blocking' scriplet invocation will decouple the VP-times and allow both scriplets to access same or co-occurring events, with the effect of a parallel execution more aligned with a conventional and stronger meaning of concurrency. 
  

Even for static analysis over a log of past events, it may be convenient and more intuitive to script for concurrent executions. As illustrated later, a scriplet specialized for capturing a particular sequence of events independently from the main execution thread (i.e. represented by the invoking scriplet), should be scripted as fully concurrent to the invoking scriplet, whether the execution is live or not.    
  

XTemp concurrency features are minimal but sufficient to track (either live or deferred) most workflow execution patterns. Non-blocking scriplet invocation allows for matching conventional workflow forking (or 'and-split'). The merging (or 'and-join') of one or more concurrent workflow paths is supported in XTemp by using a single primitive ('wait') that allows for synchronizing with all kinds of clock events - e.g. a date or a scriplet completion. 
  

In addition to the scriplet invocation mode (blocking vs. non-blocking), the VP-time of a scriplet execution may be set at its invocation: a VP-time setting anterior to the VP-time of the invoking scriplet is called a backward invocation, while a VP-time setting future to the VP-time of the invoking scriplet is called a forward invocation. The invocation mode combined with VP-time setting allows for convenient expression of the logic behind various patterns of events:
      

	A backward, non-blocking scriplet invocation will allow for querying past sequences of events, relative to a (current) event, without affecting the timing of the invoking scriplet.


	A backward, blocking scriplet invocation will allow for querying past sequences of events, relative to a (current) event, and to synchronize with the end of such a sequence in case it goes past the invoking VP-time.


	A forward, non-blocking scriplet invocation will allow for capturing future sequences of events without affecting the timing - i.e. concerning access to 'current' events - of the invoking scriplet (in which case of course the 'current' events will now be 'past', once future events have occurred). This, when assigning the X-effect of scriplets to variables, supports the resolution of 'futures' as defined in concurrent languages.

  
	A forward, blocking scriplet invocation will allow for capturing future sequences of events, relative to a (current) event, and to synchronize the invoking scriplet with the end of such a sequence for subsequent operations.


	A current, non-blocking scriplet invocation is equivalent to a conventional spawning of a thread in concurrent languages, or to a workflow forking ('and-split') of concurrent (generally different) paths of execution.


	A current, blocking scriplet invocation is equivalent to a conventional function invocation inside the same path (or thread) of execution, where the invoking scriplet will synchronize with the ending VP-time of the invoked scriplet.


 

In terms of concurrency semantics, XTemp cannot be considered an Actor language: scriplets are not aware of each other and do not communicate explicitly with each other. The model is rather of CSP (Communicating Sequential Processes), where scriplets behave as processes, consuming events and communicating via events only - except when a scriplet is starting another scriplet, in which case parameters may be passed. When scriplets do not communicate with each other e.g. by posting events, a single-threaded implementation of XTemp (such as most XSLT engines provide) is sufficient. When intended for static analysis of complete event boards (e.g. event logs), the subset of XTemp language identifed as 'core' - which excludes posting of new events - can be implemented in XSLT using conventional XSLT engines.
    

  
  

  An Illustrated Overview of XTemp

    
      This article does not pretend to provide an exhaustive view of XTemp, but will emphasize some XML-related aspects, and how XML and related tools are leveraged. A more complete definition of XTemp canbe found in [xtemp10] along with an XSLT translator for "core" XTemp and a set of use cases on the Web page from the OASIS TaMIE TC (http://www.oasis-open.org/committees/tc_home.php?wg_abbrev=tamie).
    

    General Execution Paradigm

      An XTemp script is consuming events – either in real time or from a log.  XTemp is not entirely event-driven though: a script makes use of conventional algorithmic statements (branching, loops, exits, serial or concurrent sub-script invocations)  in order to control the flow of execution of testing/monitoring units called “scriplets”.  These scriplets may (or may not) synchronize with events. This combination of workflow-style control (allowing concurrency) and event synchronization is most appropriate for process monitoring and the analysis of related event patterns.  Scriplets provide a parameterized, reusable unit of execution and are assigned a date/time (their “virtual present time”) when executing. The script - or script package - is the largest unit of execution. The binding between the script and an actual event source (event board), is defined inside an “execution context” element separate from the script logic. 
      

      The XML practitioner take-away:  XTemp has constructs close to XSLT constructs, however its execution is not driven by XML patterns or templates. Its controls are workflow-like with a built-in concept of time and event, as it was designed to be familiar to business process designers and programmers. Yet, the  “core” conformance level of XTemp is implementable in XSLT2.0 or above, as this was a key requirement.  It is also designed for the XML practitioner: XPath has a central role for expression logic and event selection, and inline XML fragments of foreign namespaces allow for an intuitive generation of XML reports – in a way similar as XSLT does. 
      

 EXAMPLE 1: Periodic tallying of Purchase Order messages

 The abbreviated monitoring script below illustrates some features of XTemp.

      
	  	The script is intended to produce a report showing how many Purchase Order events occurred every period of time ($period ) from a date/time ($initdate).


	  	The execution context <execution-context> at the beginning associates an event board  - here a simple log file - with a symbolic name (POlog), and declares some global variables. 

	  

	  	The scriplet  named “mainloop” is iterating over each period of time, incrementing date ($currentdate) and counter ($mycounter) mutable variables.

	  

	  	A monitoring report is initiated inline ( myreport:monitoringreport) and dynamically filled in a loop.

	  

	


	
<script-package 
...
		xmlns="http://docs.oasis-open.org/tamie/xtemp/200909"
		xmlns:myreport="http://www.abc.com/TBD/report"
		xmlns:xs="http://www.w3.org/2001/XMLSchema"
		name="CUC-2">

  <execution-context>
    <start-with scriplet="mymainloop"/> <!-- starting point -->
    <!-- global variables -->
    <var name="maxiter" type="integer">5</var> 
    <var name="initdate" type="dateTime">2009-10-08T11:12:00</var> 
    <var name="period" type="duration" expr="xs:dayTimeDuration('P1DT1H')"/> <!-- 1 day + 1 hour -->
    <event-board name="POlog" event-store="myeventlog" mode="source"/>
  </execution-context>

  <!-- ======= scriplet: mymainloop ======= -->
 
  <scriplet name="mymainloop">
    <myreport:monitoringreport period="{$period}"> 

      <loop>
      …
	<until expr="$mycounter ge $maxiter"/>
	<var name="currentevts">
	  <start scriplet="doperiod" vptsync="true" vptset="$currentdate">
            <with-param name="startperiod" expr="$currentdate"/>
            <with-param name="lengthperiod" expr="$period"/>
	  </start>
	</var>
      …
	<myreport:currentevts period="{$mycounter}" startdate="{$currentdate}">
	  <eval expr="$currentevts"/>
        </myreport:currentevts>
	<lvar-next name="mycounter" expr="$mycounter + 1 "/>
	<lvar-next name="currentdate" expr="($currentdate + $period)"/>
	...
      </loop>
    </myreport:monitoringreport>
  </scriplet> <!-- mymainloop -->

  <!-- ======= scriplet: doperiod ======= -->
  <!-- The scriplet "doperiod" gathers various metrics for the period: 
average response time of Purchase Orders, total amount ordered, etc.  -->

</script-package>
	


      
	  	The scriplet “doperiod” below is catching all events related to a particular time period, which is bounded with a date/time ending specified in catch/@vptend. At each iteration, the current VP-time is implicitly incremented to the time the last event was caught. The following partial excerpt only illustrates event catching and makes abstraction of the computation of various metrics, illustrated in subsequent examples.


	


	
  <!-- ======= scriplet: doperiod ======= -->

  <scriplet name="doperiod">
    <param name="startperiod" type="dateTime"/>
    <param name="lengthperiod" type="duration"/>

    <var name="endperiod" type="dateTime">xsd:dateTime($startperiod + $lengthperiod)</var>
    <loop>
      ...
	<var name="po-event">
          <catch eb=”POlog” vptend=”{$endperiod}”>
            <match>
	      <condition>xtemp:content//myapp:PurchaseOrder</condition>
            </match>
          </catch>
	</var>
	<until expr="not($po-event/xtemp:event)"/>

      <lvar-next name="count1" expr="$count1 + 1"/>
      ...
    </loop>
  </scriplet> <!-- doperiod -->
	


      An example of generated report from running this script over a sample event board is:
      


	
<myreport:monitoringreport       
  xmlns:xtemp="http://docs.oasis-open.org/tamie/xtemp/200909"
  xmlns:myreport="http://www.abc.com/TBD/report"
  ...
  period="P1DT1H">
   <myreport:currentevts period="0" startdate="2009-10-08T11:12:00" >2</myreport:currentevts>
   <myreport:currentevts period="1" startdate="2009-10-09T12:12:00" >0</myreport:currentevts>
   <myreport:currentevts period="2" startdate="2009-10-10T13:12:00" >0</myreport:currentevts>
   <myreport:currentevts period="3" startdate="2009-10-11T14:12:00" >1</myreport:currentevts>
   <myreport:currentevts period="4" startdate="2009-10-12T15:12:00" >2</myreport:currentevts>
   <myreport:finaldate>2009-10-13T16:12:00</myreport:finaldate>
   <myreport:elapsedtime>P5DT5H</myreport:elapsedtime>
</myreport:monitoringreport>
	


    
Some Convenient Algorithmic Constructs


 Three features are particularly helpful for testing and monitoring scripts: 

     
       	Conditional branching: Two separate conditional statements are provided as in XSLT: simple condition and switch. For the latter,  XTemp  uses intuitive algorithmic keywords (if... else-if... else)  found in WS-BPEL, but opts for the cleaner switch packaging found in XSLT that puts all its conditions at the same level, the definition of a switch statement ('decide') distinct from a simple condition being the price to pay for this. 

	 

       	Loops with mutable variables: XTemp supports a general loop construct covering the two main iteration styles: for-each (element in a collection) and until (condition) or both.  An important feature for monitoring functions, is the introduction of mutable variables – even if their mutability is strongly constrained. Such mutable variables are called “loop variables” and are declared differently from other immutable variables. They can only be modified once in the body of a loop, and only just before the next iteration (i.e. their new value is effective at the next iteration only).

	 

       	Exit: Exiting from a scriplet while gracefully closing a report element,  is done with the <exit> statement. This allows for simplified cascading test conditions as a sequence of distinct conditions. Depending whether the scriplet was started with the attribute @bubble-exit=”true” or not, an exit may propagate up to the invoking scriplet.

	 

       

     
 
Using both regular variables and mutable loop variables, is illustrated in the loop example below:


	
<loop>
  <on-start>  <!-- some mutable variables -->
    <lvar name="myitems" expr="$PO/lineItems/item"/>
    <lvar name="item" type="int">1</lvar>
    <lvar name="pototal" type="int">0</lvar>
  </on-start>
  <until expr="$item gt fn:count($myitems)"/>
  <var name="myItemAmount">
    <eval expr="$myitems[$item]/unitprice * $myitems[$item]/quantity"/>
  </var>
  <var name="itemRebate">
    <decide>
      <if expr="$myItemAmount gt 1000">
        <eval expr="$myItemAmount * 0.10"/>
      </if>
      <else>
        <eval expr="0"/>
      </else>
    </decide>
  </var>
  <lvar-next name="pototal" expr="$pototal + ($myItemAmount -
$itemRebate) "/>
  <lvar-next name="item" expr="$item + 1"/>
  <on-final>
    <abc:mypototal><eval expr="$pototal"/></abc:mypototal>
  </on-final>
</loop>
	


      The XML practitioner take-away:  Variables can be made mutable only where this capability is most needed: in loops (loop variables). They are distinguished from regular (immutable) variables by a different declaration syntax ( <lvar> vs. <var>), and are otherwise referenced similarly. It was acceptable to severely restrict the scope of mutable variables (local to a loop) and their mutation (only at the end of each iteration using <lvar-next>), while these restrictions made an XSLT implementation possible. An initialization loop section <on-start> inside the loop statement was then necessary to initiate their state,  while a  closing section <on-final> inside the loop was needed to extract the final values of mutable variables  e.g.  to report it as part of the X-effect.        




Event Processing


A single statement <catch> is controlling event input, either for catching a single event or a pattern of events. An event pattern is a set of events correlated based on content, and often following some time-ordering constraint or time window constraint. An event pattern may be a well-correlated conversation such as a multi-message eBusiness transaction, or a more loosely defined co-occurrence of events e.g. close to each other in time but without well-established causality or common cause. 


In XTemp an event pattern may be expressed in two ways: (a) by using one catch statement for each event, and by controlling the sequence(s) of <catch> statements using other XTemp controls (scriplets, conditionals, loops), or (b) by using a combination of filters (<match> statements) inside a single catch. The former (a) is more appropriate when the pattern occurs over a significant time window (such as for some long-lasting business transactions)  or when the pattern is itself defined  dynamically depending on some event content, requiring some processing as it unfolds  (e.g. when a business transaction may unfold differently based on its initial event content). The latter (b) allows for a compact expression of deterministic patterns but more importantly allows for delegating the <catch> execution to specialized event processors that can optimize such processing (equivalent of query optimization in databases), e.g.  by delegating to a complex event processing (CEP) module.


 EXAMPLE 2: Catching some event pattern

 The following catch statement selects a sequence of three events representing an exchange of three messages:

      
	  	(E1) a Purchase Order request


	  	(E2) a PO response (acceptance or rejection)


	  	(E3) a generic receipt to the PO response


	


These three events are ordered in time: E3 after E2 after E1. The correlation between these events is based on different content: 

	
	  	Between E1 and E2: the same value for the PO reference ("order-ref" element in message headers)


	  	Between E2 and E3: the MessageID value present in E2, must equal the RefMessageID in E3.


	

	
<catch>
  <match event="E1">
    <condition>content/soap/Header/msgData/action = 'PORequest'</condition>
  </match>
  <match event="E2" after="E1">
    <condition>(content/soap/Header/msgData/action = 'POAccept' | 'POReject') and 
content/soap/Header/msgData/property[@name = 'order_ref'] = 
$E1/content/soap/Header/msgData/property[@name = 'order_ref']</condition>
  </match>
  <match event="E3" after="E2">
    <condition>content/soap/Header/msgData/action = 'Receipt' and 
content/soap/Header/msgData/property/RefMessageID = $E2/content/soap/Header/msgData/messageID
    </condition>
  </match>
</catch>
	



<catch> plays two roles: (1) synchronization operation  for real-time execution, and (2) event board querying for past events analysis (deferred processing). In both cases, <catch> is operating using an event board as event source: the only difference between live and deferred is the VP-time of execution compared with the timestamp of events in board. “Catching” an event pattern 'live' often involves a combination of real-time event consumption with querying past events.


In contrast, WS-BPEL event catching <pick> is designed to capture and process single events at a time, as its use of events is more as a process driver, than for analytical and diagnosis purpose.


  The XML practitioner take-away:Xpath2.0 proved sufficient as expression language for event querying, selection and correlation. Because event pattern expressed in <catch> are usually well time-constrained and/or strongly correlated, large logs of (time-ordered) events are manageable without penalty using conventional XPath and XSLT processors.  Any XML-based event format - e.g. XES, SAF (Symproms Automation Framework from OASIS), CIM Events/Indications from DMTF  - can be accommodated, provided that these events are timestamped so they can be ordered by the event board. In the baseline “core” implementation of XTemp with XSLT2.0, the event log is a plain file of time-ordered event records.  Logs of events that have intermediate structures – e.g. events are grouped in “traces” under a log in XES – can also be handled without transformation. The event content is quite open, allowing for parts using binary encoding or attachments of various formats (e.g. MIME or SOAP attachments). However only the XML parts are queryable. 




Concurrency


The notion of concurrency is as necessary to the monitoring and validation of business transactions or processes as it is to the actual programming of these processes. The concurrency of threads or activities in the latter translates into the concurrency of related event sequences in the former. A set of typical workflow patterns, several of them involving concurrency can be found in [wcfp06]. workflow language like WS-BPEL [wsbpel07] uses an advanced set of constructs to manage concurrency and synchronization (<flow>, <links>, <joinCondition>, <sources> and <targets>). 


However, the monitoring of concurrent sequences of activities  does not require the same sophistication in concurrency control as the actual execution of these activities, provided the events associated with these sequences have a known correlation logic, which is generally the case in choreographed eBusiness transactions (e.g. messages relating to the same procurement action will report the same PO reference)  and business process instances (e.g. a process instances initiated by an insurance claim, will generally report the claim number or originator ID across all its activities and events). Consequently XTemp has a minimal set of constructs for concurrency and synchronization: (1) the concurrent – or “non-blocking” - invocation of a scriplet, (<sart scriplet=”abc” vptsync=”false”>)  for tracking overlapping sequences of related events, and (2) a synchronization operator <wait>, for joining a group of concurrent scriplets if necessary. Most other forms of synchronization simply rely on event catching <catch>.


The VP-time assigned to a scriplet invocation determines which events are accessible to the scriplet. This makes it possible to execute the same script either live or deferred over a log of events with same result, just by setting its initial VP-time to the same date/time relative to these events. Two scriplets are concurrent if their VP-time windows overlap. Concurrency  is “virtual” in XTemp to the extent that the notion of “present time” (of execution) is manipulated as a data item.  Even when the objective is only the analysis of past logs, concurrency actually simplifies the test scripting by allowing event processing to follow the logic of a particular sequence  regardless of its context (e.g. the processing of interleaved logs of PO transactions can be done by concurrent scriplets tracking each transaction). 


  The XML practitioner take-away:“Core”  XTemp, including virtual concurrency,  is XSLT2.0-implementable for non-live executions over logs of events: this makes it very easy to verify the correctness of concurrent script over various events scenarios, before executing live. When a script has been validated over a log of events, the only modification needed before executing it live is a change in the @vptset value of its <start-with> statement in he execution context. The implementation of virtual concurrency is greatly simplified when the concurrent threads (here scriplets) do not communicate with each other.  This is the case for  the “core” conformance level of XTemp (no event posting). In such cases, an XSLT implementation is possible.  



 EXAMPLE 3: Monitoring interleaved PO transactions

 The following script is monitoring PO transactions. Each PO transaction is comprised of a PO request, and a returned PO response. PO transactions are generally intertwined, as many PO requests may be sent before the first response is obtained. The monitoring of each individual PO transaction is handled by an invocation of the “get-PO-response” scriplet. These invocations are non-blocking (@vptsync="false") meaning they execute in (virtual) concurrency with the main script and with each other. The concurrency is here virtual in the sense that these invocations may actually be executed serially, provided their concurrency semantics is preserved by setting the VP-time of each invocation to the time the transaction is started (PO request occurrence). Virtual concurrency makes scripting of such test cases quite intuitive, when distinct sequences of events need be analyzed that can be intertwined in their actual occurrence.

In the script below:
	

	  	The scriplet  “main” is looping over each Purchase Order catch. For each PO it invokes concurrently the “get-PO-response” scriplet, for tracking this PO transaction. The scriplet initiates a top report element <myreport:results>


	  	The  “get-PO-response” scriplet is waiting no more than 10mn (@tryfor=”PT600S”) for a PO response, and generates an error report if no response is obtained in this delay.


	  	The outcome of the “get-PO-response” scriplet is captured by the enclosing (non-mutable) variable $poresponse. This outcome is an XML fragment reflecting on the status of the PO transaction, and containing metrics (elapsed time).


	  	Although the assignment of the $poresponse variable in the main loop has (virtually) “waited” for the completion of the current PO transaction, the next PO to be caught in the loop may occur before the end of the previous PO transaction. This is made possible by the concurrent invocation of the “get-PO-response” scriplet, i.e. not blocking the course of the main loop. Yet, an interesting twist is that the actual execution of the main loop needs to wait the end of get-PO-response in order to consolidate its results in summary values (e.g. for a final report on average response time for all Pos). But  “virtual concurrency” is still achievable here as the scriplets “main” and “get-PO-response” have different VP-time values.


	


These three events are ordered in time: E3 after E2 after E1. The correlation between these events is based on different content: 

	
<script-package xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" schema-version-id="0.4"
                ...
		xmlns="http://docs.oasis-open.org/tamie/xtemp/200909"
		xmlns:xs="http://www.w3.org/2001/XMLSchema"
		xmlns:myreport="http://www.abc.com/TBD/report"
		xmlns:myapp="http://www.abc.com/TBD/myapp"
		>
<scriplet name="main">
    <myreport:results>
      <loop>
        <on-start>
          <lvar name="count1" type="integer">0</lvar>
          <lvar name="successcnt" type="integer">0</lvar>
          <lvar name="elapsedtotal" type="dayTimeDuration">PT0H</lvar>
        </on-start>

        <var name="po-event">
          <catch>
            <match><condition>xtemp:content/myapp:PurchaseOrder</condition></match>
          </catch>
        </var>

        <until expr="not($po-event/xtemp:event)"/>

        <var name="poresponse">
          <start scriplet="get-PO-response" vptsync="false">
            <with-param name="ref" expr="$po-event/xtemp:event/xtemp:content/myapp:PurchaseOrder/myapp:poref"/>
            <with-param name="time0" expr="$po-event/xtemp:event/@timestamp"/>
          </start>
        </var>
	
        <eval expr="$poresponse/myreport:error"/>
        <eval expr="$poresponse/myreport:messg"/>

        <lvar-next name="count1" expr="$count1 + 1 "/>
        <lvar-next name="elapsedtotal" expr="if ($poresponse//myreport:elapsed ) then 
          $elapsedtotal + xs:dayTimeDuration($poresponse//myreport:elapsed ) else $elapsedtotal "/>
        <lvar-next name="successcnt" expr="if ($poresponse//myreport:elapsed ) then 
          $successcnt + 1 else $successcnt "/>
        <on-final>
          <myreport:summary msgtype="{concat('TOTAL PO selected: ', $count1)}"/>
          <myreport:summary msgtype="{concat('TOTAL successful transactions: ', $successcnt)}"/>
          <myreport:summary msgtype="{concat('TOTAL successful elapsed time: ', $elapsedtotal)}"/>
	  <if expr="$successcnt gt 0">
	    <myreport:summary>AVERAGE RESPONSE TIME: 
              <eval expr="minutes-from-duration($elapsedtotal) div $successcnt"/> MINUTES, 
              <eval expr="seconds-from-duration($elapsedtotal) div $successcnt"/> SECONDS.
            </myreport:summary>
	  </if>
        </on-final>

      </loop>
    </myreport:results>
  </scriplet>

  <scriplet name="get-PO-response">
    <param name="ref" type="string"/>
    <param name="time0" type="dateTime"/>

    <var name="confirm-event">
      <catch tryfor="PT600S">
        <match>
          <condition>xtemp:content/myapp:confirm[myapp:poref = $ref]</condition>
        </match>
      </catch>
    </var>
    <if expr="not($confirm-event/xtemp:event)">
      <myreport:error>No confirm event for <eval expr="$ref"/> 
        received within 10 minutes of the PO</myreport:error>
      <exit/>
    </if>

    <var name="resp-time" type="dateTime" expr="$confirm-event/xtemp:event/@timestamp"/>
    <myreport:messg>Confirmation received for PO <eval expr="$ref"/>
      <eval expr="concat('-SUCCESS: message:', $ref, 
		  ' Response received within:', 
		  minutes-from-duration($resp-time - $time0), ' MIN ',
		  seconds-from-duration($resp-time - $time0), ' SEC'
		  )"/>
      <myreport:elapsed><eval expr="$resp-time - $time0"/></myreport:elapsed>
    </myreport:messg>
  </scriplet>
</script-package>
	


The XML monitoring report produced by this script over a sample event log is:

	
<myreport:results xmlns:translator="translator"
           xmlns:xtemp="http://docs.oasis-open.org/tamie/xtemp/200909"
             xmlns:myreport="http://www.abc.com/TBD/report"
          ...
             xmlns="http://docs.oasis-open.org/tamie/xtemp/200909">
   <myreport:error>No confirm event for Name1 received within 10 minutes of the PO
     </myreport:error>
   <myreport:messg>Confirmation received for PO Name2 -SUCCESS: message:Name2 
     Response received within:5 MIN 40 SEC<myreport:elapsed>PT5M40S</myreport:elapsed>
   </myreport:messg>
   <myreport:error>No confirm event for Name3 received within 10 minutes of the PO</myreport:error>
   <myreport:messg>Confirmation received for PO Name4 -SUCCESS: message:Name4 
     Response received within:6 MIN 0 SEC<myreport:elapsed>PT6M</myreport:elapsed>
   </myreport:messg>

   <myreport:summary msgtype="TOTAL PO selected: 4"/>
   <myreport:summary msgtype="TOTAL successful transactions: 2"/>
   <myreport:summary msgtype="TOTAL successful elapsed time: PT11M40S"/>

   <myreport:summary>AVERAGE RESPONSE TIME: 5.5 MINUTES, 20 SECONDS.</myreport:summary>

</myreport:results>
	






Generating Test Reports

The primary output of a script execution is called an X-effect (for "XML side-effect"). The X-effect is a text output, which is generally well-formed serialized XML but may also just be plain text. The notion of X-effect is a generalization of the output produced by XML script languages such as XSLT, that can be a combination of in-line XML fragments with external namespaces and of computed values or fragments.


The X-effect of a script can be recursively defined as follows:
	

	  	The X-effect of a scriplet execution is the concatenation of the X-effects of its child elements.


	  	The X-effect of an XML fragment that does not contain any embedded XTemp statement (i.e. not using the xtemp namespace), is itself.



	  	The X-effect of an XML fragment that contains some embedded XTemp statement, is the same fragment after substituting the XTemp statement with its X-effect.



	  	The X-effect of an xtemp:eval statement, is the result of the evaluation of the embedded expression.



	  	The X-effect of an XTemp statement other than xtemp:eval ( e.g. <if>, <loop>, <start>... ) is evaluated as specified in the definition of each statement.



	  	The X-effect of a loop is the concatenation of the X-effect of each iteration (if any), with the X-effect of the <final> statement (if any).



	  	The X-effect of a variable declaration is nil, as the X-effect of the contained statements is simply assigned to the variable as its value.



	

Two XTemp features could be seen as challenging for the production of X-effects, but ended up with intuitive X-effect semantics:

Exits: The execution of an <xtemp:exit> statements will simply cancel the production of X-effects of its following siblings (as these are not executed), meaning the X-effect of the embedding statements is preserved. The rule also applies to the following siblings of any conditional statement that executes <xtemp:exit> at any level inside.

Concurrent executions:The rule for X-effect generation of a scriplet invoking another scriplet, is exactly the same regardless whether this invocation was blocking or non-blocking (i.e. serial or concurrent):
The combined X-effect of scriplets where one is started by the other, is following these rules:
When scriplet S1 "starts"  (either blocking or non-blocking ) scriplet S2, the X-effect of S1 is obtained by :
(1) capturing the X-effect of S2 at the end of S2 execution,
(2) substituting the <starts scriplet="S2" vptsync="..." /> statement in S1 with the X-effect of S2.
(3) generating the final X-effect of S1  at the end of its execution, after substitution in (2).
This rule applies recursively to all scriplet invocation trees, possibly combining  blocking and non-blocking invocations. The rationale for this, is that the tree-like structure of an XML report must generally match the hierarchy and order of scriplets *invocations* regardless of the actual course of their execution which may overlap or be concurrent in various ways. For example, the report produced by the previous script example  is naturally listing the results for each PO transaction in the order these PO were initiated – as a sequence of transaction reports, as a human reader would expect -, regardless of how these transactions executions were intertwined, e.g. even if the first PO transaction is also the last one to complete.





  The XML practitioner take-away: The production of XML test reports is most intuitive and readable when combining in-line XML fragments of foreign namespaces and computed fragments or values, as done in XSLT. Concurrent executions in XTemp, as well as breaking statements such as <exit> are not an obstacle to the use of these report generation techniques familiar to XSLT developers.  






Related Works

  XTemp and XSLT

    XSLT is computationally sufficient to process events in a 'deferred' mode (static analysis), assuming a representation of event boards as static XML files. However, when considering whether XSLT alone should be used - e.g. by defining appropriate design patterns for event handling and timing - the issue of usability and developer-friendliness arise. The declarative, functional design of XSLT based on scripts driven by template matching does not make it an intuitive language for workflow practitioners or more generally for analysts and developers familiar with the scripting of business processes designed along a state machine model with clearly defined state transitions for underlying data. It is the experience of the authors that it is critical to provide constructs familiar to target users and at the right level of abstraction, for a language to be well accepted. Consequently XTemp defines or imports concepts familiar to business process and workflow developers such as event catching, concurrent paths control and synchronization, timing of state transitions, exiting, mutable variables. The experience of the authors in analyzing and testing event traces is also that a balance must be reached between pattern-driven language with strong functional design such as XSLT and workflow languages like WS-BPEL.
    

    
On the other hand, XSLT and XPath have reached a level of maturity and expressiveness that cannot be ignored, and  XTemp is leveraging both to a large extent. XTemp1.0 is using XPath as expression language and relies extensively on its functions and operators library, in particular for its time and duration processing (e.g. XPath2.0 library). Shouldn't then XTemp be defined as an XSLT extension? Although such an approach is not ruled out in future versions, a couple of reasons weight in favor of keeping its syntax separate for now:
 

	It is not clear to the authors whether and how all aspects of XSLT language semantics can be compatible with real-time processing of live events, concurrency, and other timing aspects. Whether future evolutions of XTemp can be defined as extensions to XSLT, will rely on an execution semantics more ambitious than the one presented here, and able to encompass all XSLT features in a time-sensitive, event-driven context.


	Another reason for decoupling XTemp design from XSLT syntax, is the option - not yet investigated by the authors - of leveraging XQuery instead of XSLT for a scalable implementation. XQuery has powered XML content servers - e.g. MarkLogic server (see http://gcdnmirror.paultan.org/markmail.org/docs/faq.xqy), proving adequate for processing large repositories of relatively small items such as XML-formatted emails for searching and querying. Such repositories of XML content may provide a scalable implementation for event boards.


 

In spite of these open questions the XTemp design is still influenced by XSLT features - i.e. it matches feature-wise a subset of XSLT and its new features (variable mutability, event catching and time handling) are designed to be XSLT-implementable, even if not in an optimal way, at least for deferred executions - or analysis of static event boards. Implementability using XSLT - even for a restricted ('deferred') usage and for a subset of XTemp features called 'core' XTemp - is an important aspect of usability of the language. 
    

     Among the features of XTemp beyond the 'core' subset (as defined by the 'core' conformance level in [xtemp10]) and considered challenging or impossible using conventional XSLT engines, are:
 

	Event posting, as this provides ways for concurrent paths to depend on each other (event communication) that would require a level of concurrency control beyond what XSLT allows to emulate.


	Definition of a complex event pattern inside a single 'catch' statement, which requires advanced processing of event boards (e.g. as supported by a dedicated query language). As explained later, the value of this feature is precisely in its delegation to more specialized processors, while it can be replaced by a flow of simpler 'catch' statements, even if less efficient.


	Event masking, which implies some event state management associated with a script more than with the event board.


	Concurrent path joining (as in workflow) using the 'wait' statement, which implies the ability to keep track of several concurrent paths and their execution status.


 

 Another approach in analyzing and testing the trace of business processes, is to rely on a simpler and more declarative 'rule' language (or 'pattern' language) usually implemented in XSLT, such as Schematron or Tamelizer (the latter being a recent implementation - see: http://code.google.com/p/tamelizer/ - of a test assertion language proposed in [tag09] by one of the authors.) Such declarative languages in turn rely heavily on the expressive and processing power of XPath for the testing logic. But declarative test assertions or patterns are of little help when expressing complex test logic spanning sequences of events: although Xpath2.0 and above has a remarkable ability for expressing such correlation and validation logic in a single predicate expression, the readability and maintenability of such tests is poor. For example, the test suites for WS-I [wsi10] were based on the above test assertion design and related analyzer tool. In these test suites XPath2.0 alone proved indeed able to handle complex choreographies of timestamped inputs such as Web services requests and responses, combined with related low-level messages such as resends or receipts and various hand-shaking procedures. But the resulting large XPath expressions are hardly readable and difficult to evolve or to update, requiring a level of skills and efforts in XPath programming beyond what most test engineers are ready or willing to exercise. The ability of above languages to chain test assertions or to compose rules, does not really help to break down this kind of complexity. It became clear that a more powerful yet more intuitive combination of logical expressions and procedural flow definition such as in XTemp, was needed. 
    

  
  WS-BPEL and Workflow XML vocabularies

Workflow languages such as WS-BPEL [wsbpel07] and others XML vocabularies or notations (XPDL, BPMN) are intended to describe and drive business processes, more than to analyze and verify their behavior. To this extent, even if they share several seemingly equivalent algorithmic and synchronization constructs with XTemp, their purpose is rather complementary. The notion of event is used in WS-BPEL mostly as a dynamic input to business process instances, and not as an input for a more general analysis that may span several processes. The notion of correlation set is used for helping the selection of the next event that belongs to the same process, which is expected to depend on a predefined set of event attributes that define some event equivalence class. To this end, correlation sets are sufficient and efficient but unable to express more general event patterns needed in analysis and live monitoring.  The concept of event handler is intended in WS-BPEL as a device for helping drive process instances, typically as these events occur. It does not assume the capability of processing past events. Finally, the focus on analysis makes it possible for XTemp to only use a minimal set of constructs, compared with WS-BPEL.


  XProc and Pipelining

Although XSLT, XProc and XTemp share the same general purpose of advanced processing of XML inputs, and share several similar algorithmic constructs, it is interesting to stress the different nature of the entities behind these XML inputs and of their processing. The target unit for processing in XProc is a “document”, while it is an event in XTemp. Clearly, this distinction is not as much about content (a document can be represented as an event and vice-versa) as it is about the general nature of the processing of these items – as well as how these items relate to each other. In short, documents are to be validated, transformed, compared, merged.  Events have to be matched, correlated, waited for or queried.  

A combination of documents that has to be part of the same processing flow is statically known in general (e.g. a business document + its possible includes + its XML schema + a set of codelists + some semantic rules).  Their role is well established as these documents will be assigned specific ports in an XProc pipeline.  In comparison, the set of events of interest for processing as a unit is generally unknown beforehand, determined dynamically by a tentative match with a pattern definition that may or may not succeed.  The document itself has a business value, and the value-add from Xproc is in its (efficient) validation, transform, or assembly.  Events generally have value not through individual processing, but in relation with each other. Consequently, the ability to correlate efficiently over a potentially large event repository is key in XTemp, while advanced, multistep processing and related pipeline optimization is not its goal.

Similarly, although XSLT is computationally sufficient by itself to drive a chain of document processing or to analyze a log of events, its constructs do not support these paradigms in a way that is specific enough for practitioners to feel comfortable with the language, or for implementors to use appropriate modules or architectures.


  Testbeds using XML vocabularies for Test Suite syntax


XML vocabularies have been used in B2B testbeds for test case and test suite representation. Two of the authors have been involved in an earlier, very limited version of XTemp [etsl07] that did not have the same algorithmic capabilities nor leveraged XPath to the same extent. Implementations proved sufficient for the driving and verification of many B2B test cases, but lacked the ability to generate advanced reports that require data consolidation over several B2B exchanges. Other testbeds have also used XML vocabularies for test suites, that were developed at NIST [wstb2b06] and also in [testHL7]. These testbeds represent the state of the art in XML-based test suites. However they do not leverage fully the notions of event and test execution concurrency as means to a powerful analysis of B2B logs. Their focus is more on driving test cases than on test analysis.







  Conclusion

    
An XML language for event processing and analysis is presented, that fully leverages XML in three ways: as event format, as test script format, and as test report format. The concurrency semantics and execution required by a well-rounded event processing has proved to be quite compatible with the XML focus both as script format and incremental report generation, while a core version of the language could be implemented using XSLT2.0 which was a major requirement in terms of ease of deployment and convenience of script development and testing. The authors are working on deploying XTemp in their B2B testbed work and for advancing it as analysis and test language for eBusiness exchanges in various user consortiums. However, although the initial motivation was business process analysis and validation, the resulting event-centric design and general execution model appears to apply to more diverse event-driven monitoring and analysis applications. 
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        Abstract
In 2010, the IDPF chartered a working group to update the EPUB specification to more
            accurately reflect the demands and expectations of a quickly growing marketplace. The
            specific items to be addressed included: 

                	
                    Greater rich media (audio and video) and interactivity support
                        (programmatic content, such as would be needed to implement a quiz or
                        crossword puzzle).

                

                	
                    Enhanced global language support for the character sets, Ruby markup, and
                        typographic rules needed for reading systems in CJK geographies (including
                        but not limited to special line-breaking rules and vertical writing
                        direction). 

                

                	
                    Enhanced article support in order to support magazines and
                        newspapers.

                

                	
                    Enhanced metadata support beyond embedded publication metadata. 

                

                	
                    Ability to convey page-level layouts and target multiple display surface
                        sizes in a single publication.

                

                	
                    Enhanced navigation support.

                

                	
                    Alignment with broadly-adopted Web standards as implemented by modern
                        browsers. 

                

                	
                    Support for annotation. 

                

                	
                    Native support for mathematics. 

                

                	
                    Support for book-specific structures, such as glossaries, note reference
                        systems and advanced cross-reference systems. 

                

                	
                    Improved accessibility support.

                

                	
                    Mechanism for adding industry specific extensions in an interoperable
                        manner.

                

                	
                    Define relationships to approved national and international
                        standards.

                

                	
                    Define mechanism for including advertising.

                

            
This paper will discuss those changes and present the author's view on
            whether the goals set forth by the IDPF were met. The potential impacts on the market
            from both the publisher and consumer view will also be considered.
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        EPUB3 Overview

        
                	
                    Multimedia & Media Overlays

                    While audio and video had been incorporated into EPUB files previously,
                        this version of the spec codified their use by incorporating the HTML5 audio
                        and video markup. This markup provides a standard way in which to include
                        multimedia within the EPUB files. In addition, a mechanism for adding media
                        overlays within books enables new functionality, including text highlighting
                        for read along books. This is done using the SMIL language.

                    The adoption of the HTML5 audio and video markup is probably the most
                        familiar addition in this area. While there was little discussion around the
                        audio formats to be used (MP3 required and MP4 AAC LC suggested), there was
                        a great deal of discussion surrounding the video formats to be supported.
                        The main contenders were MPEG4 H.264 and VP8. The main point of dissention
                        was the level of support for each. Originally all reading systems were going
                        to be required to support both. However, various reading system developers
                        expressed concerns about being required to support 2 formats. There were
                        also concerns about the copyright on the H.264 format and how licensing
                        might affect reading systems. After a great deal of discussion and threats
                        of non-support if both formats where mandated, it was decided that there
                        would not be a requirement that reading systems support either format.
                        Instead, an informational paragraph was included recommending the use of one
                        of the formats, but not precluding the use of another format. In essence,
                        this will require publishers to create videos in both formats in order to
                        support the widest range of reading systems -- and hopefully no reading
                        system decides to use an alternative format.

                    The epub:trigger element was created in order to support markup that
                        defines user interfaces for controlling multimedia objects when they are
                        encountered, without requiring scripting. Using this element, it is now
                        possible to activate media files based on the content.

                    The ability to hear the content is a vital accessibility concern and is
                        desirable for many other users as well. Media overlays provide a mechanism
                        that allows the synchronization of text and audio content within a
                        publication. There are many possible use cases for this functionality beyond
                        that of accessibility, including learning to read. Within the spec there are
                        options for computer-based text-to-speech reading as well as synchronized
                        audio files to the text.

                

                	
                    MathML

                    MathML became a first class citizen within EPUB3. The spec requires
                        support for embedded Presentation MathML and allows for processing of
                        Content MathML based on MathML 3.0. In the prior versions of the spec,
                        mathematical formulas were usually converted to images. The inclusion of
                        MathML allows formulas to be marked semantically and displayed. This also
                        allows the formulas to reflow along with the rest of the text rather than
                        remain as a static image. The markup also can be used as input to
                        mathematical engines like Wolfram Alpha, allowing formulas to become
                        interactive.

                    While MathML is supported in the spec, it would still be prudent for
                        publishers to provide the image renditions of symbols and formulas as
                        fallbacks for older reading systems.  Publishers should also provide
                        alternative text content for accessibility purposes including
                        text-to-speech.

                

                	
                    Scripting & Interactivity

                    Javascript was also added to EPUB3 to allow some levels of interactivity
                        similar to what is available in modern browsers. There was a great deal of
                        discussion about the level of support to be included, due mostly to security
                        concerns. Most reading system that are attached to online vendors have
                        access to personal financial information which must be protected. The final
                        decision was that reading systems must provide appropriate levels of
                        security in order to safeguard sensitive data.

                    The addition of JavaScript to the specification provides the ability to
                        create interactivity within EPUBs. This support is optional and operates
                        under several restrictions and limitations. Due to this, it is not clear to
                        what level reading systems will support this new functionality. Reading
                        systems that are based on browser engines, such as Webkit, will likely
                        provide support, but other non-browser based systems may not be able to
                        provide an equal level of support. Also, due to security concerns, many
                        people disable Javascript within their browsers and likely will within
                        readings systems as well. Publishers that opt to incorporate scripting
                        should ensure that the user experience is acceptable whether Javascript is
                        enabled or not. 

                    Also new to the spec is the epubReadingSystem Javascript object which
                        provides a means for querying a reading system to determine its capabilites.
                        This will allow scripts to be developed which can provide their own levels
                        of fallback capabilities.

                

                	
                    Speech & Accessibility

                    EPUB has always been about supporting adaptive layouts and accessibility.
                        Most of the enhancements made in EPUB3 had to pass an accessibility litmus
                        test to ensure that new enhancements would still be accessible.  Anything
                        done through JavaScript must have an accessibility component associated with
                        it.  The same applies for MathML and SVG content.

                    With the removal of the DTBook schema, text-to-speech became more
                        important within EPUB3 to support accessibility. Portions of the W3C PLS and
                        SSML specifications are included in EPUB3 to allow publishers to provide
                        information to TTS engines, including pronunciation guides for terms which
                        might not be in a standard dictionary. In addition, features found within
                        the CSS3 Speech Module allow publishers to control speech synthesis options,
                        such as voice pitch and rate.

                

                	
                    Metadata & Semantic Inflection

                    The metadata capabilities have been greatly expanded to include more
                        information about a publication as well as attaching complete bibliographic
                        records.  Also, a unique identifier attribute was created which allows a way
                        in which to identify a specific manifestation of a publication.  Finally a
                        mechanism was created allowing for annotating document markup with more
                        semantically meaningful information.

                    Within EPUB3, metadata can be expressed using any combination of
                        EPUB-specific metadata, DCMES, DCTERMS, as well as other profiles including
                        PRISM and FOAF. Multiple identifiers can be defined, but none are mandated.
                        This allows publishers to select how they want to manage identifiers.
                        However, the unique identifier selected by the publisher to represent the
                        package is expected to be persistent, in order to support linking and other
                        applications. Packages must also include a decterms:modified property as a
                        timestamp. The package identifier is then made up of a combination of the
                        unique identifier and the modification date.

                    Within each package, a publication can have multiple titles.  The
                        alternate titles may include short titles, subtitles, series information,
                        display sequences, sortable titles and non-Latin versions of the
                        title.

                    Semantic inflection is used to attach additional meaning about the
                        specific purpose or nature of an element within the content. The spec
                        defines the epub:type attribute to express domain-specific semantics. This
                        metadata is not intended for human use, but rather, to assist reading
                        systems in enhancing the reading experience for users. The spec defines a
                        Structural Semantics Vocabulary which is the default vocabulary for all EPUB
                        documents. Within the vocabulary, there are structures including document
                        partitions (e.g. cover, back matter, etc.), document divisions (e.g. volume,
                        part, etc.), document sections and components (e.g. epigraph, conclusion,
                        preamble, etc.), document reference sections (e.g. index, colophon,
                        glossaries, appendices, bibliographies, etc.), preliminary sections and
                        components (e.g. errata, copyright page, etc.), complementary content (e.g.
                        sidebar, marginalia, etc.), notes (e.g. notes, footnotes, etc.), headings
                        (e.g. bridgehead), titles (e.g. subtitle, covertitle, etc.), document text
                        (e.g. keyword, topic sentence, etc.), references, pagination, tables, and
                        lists. In the cases of tables and lists, the semantic inflection is often
                        used to indicate to media overlays whether that content is escapable or
                        skippable.

                    Support for a standard dictionary markup scheme was discussed and it was
                        decided that a companion specification would be developed specifically for
                        this type of content.

                    EPUB3 also provides a mechanism that can be used to identify and embed
                        semantic information within the content of a publication. There was a great
                        deal of discussion about the use of RDFa within EPUB3 and it was decided
                        that the complexity of implementing a full RDFa engine within a reading
                        system was too burdensome. However, there is a method through which RDF or
                        OWL can be inserted into an EPUB files. This can be done using the
                        epub:switch element as shown below:

<epub:switch id=”giraffeOwlSwitch"> 
<epub:case required-namespace="http://www.w3.org/2002/07/owl#"> 
<Class rdf:about”#giraffe”> 
<rdfs:label>giraffe</rdfs:label>
<rdfs:subClassOf> 
<Class rdf:about=“#animal”/>
</rdfs:subClassOf> <!-- other restrictions could be added here -->
</Class> 
</epub:case> 
<epub:default> giraffe </epub:default>
</epub:switch>

                    
                    The epub:switch element allows XML fragments to be conditionally inserted
                        into the content of an EPUB document. Reading systems must process each
                        epub:switch element to determine whether they can render any of the
                        epub:case elements. The fallback is the epub:default element.  In theory,
                        and RDF/OWL capable reading system could use the information defined above
                        to build a taxonomy within the publication, that then could be used to aid
                        in searching for information within the publication based on the taxonomy.
                        This method can also be used to insert other markup schemes such as ChemML.
                        At this point in time, it is not known whether any reading system plans to
                        support the use of RDF in this manner.

                

                	
                    SVG

                    Scalable Vector Graphics (SVG) also became a first class citizen with the
                        adoption of a subset of SVG1.1. While it had previously been listed as a
                        supported graphic format, it is now recognized as a suitable method for
                        inclusion of content, fonts and images within the spine and table of
                        contents in addition to the main content. SVG fonts provide the ability to
                        create more complex typography that can be scaled when the readers reflow
                        the content. SVG content can be inserted by reference or by
                        inclusion.

                

                	
                    Navigation

                    Publications in EPUB3 can now have orders other than sequential from
                        beginning to end. In addition there is new functionality to enhance
                        accessibility and navigation, including allowing i18n and embedded grammars
                        (MathML, SVG) within the navigation documents. In addition, CSS can be used
                        to tailor the display of navigation information.

                    NCX documents are deprecated in favor of the EPUB Navigation Document
                        which uses the HTML5 nav element to define navigation information.  The NCX
                        document can still be included to allow EPUB2 reading systems to attempt to
                        process an EPUB3 document.

                

                	
                    Linking

                    EPUB3 defines a new EPUB Canonical Fragment Identifier (CFI) specification
                        that defines a standardized method for linking into a publication.  This
                        specification enables EPUB reading systems to have an interoperable linking
                        mechanism, which can, for example, facilitate the sharing of bookmarks and
                        reading locations across devices.

                    The CFI is a combination of IRI and URI, HTML ids and named anchors, and
                        shorthand Xpointer.  At this time, linking via the CFI is only supported
                        within an EPUB publication.  Another companion specification is planned that
                        will address linking between EPUB documents.

                

                	
                    Styling & Layout

                    EPUB3 sets CSS 2.1 as its baseline, but incorporates some CSS3 modules
                        (speech, fonts, text, writing mode, media queries, multi-column, ruby
                        positioning) to provide advanced layout and styling beyond what was
                        previously available. The spec also introduces some EPUB-specific CSS
                        constructs.

                    EPUB3 also supports the ability to include multiple style sheets within a
                        publication.  This functionality can be used to change between day and night
                        reading modes or change the rendering direction.  Initially, there were
                        plans to incorporate page-level layouts (similar to Apple's fixed layout
                        format) and the ability to target multiple display sizes, all within a
                        single publication.  However, this functionality got pushed out to a
                        separate accompanying specification to be defined at a later time.

                    EPUB3 now requires that reading systems support OpenType and WOFF font
                        formats for embedded fonts. In addition, there are now normative sections
                        dealing with font obfuscation.

                

                	
                    Global Language Support

                    A specific working group was formed to address the issues surrounding
                        character sets, writing direction, etc. The work done by the group is viewed
                        as one of the major improvements to the EPUB specification, allowing it to
                        be adopted in a much wider range of markets.

                    EPUB3 uses Pronunciation Lexicon Specification (PLS) documents and Speech
                        Synthesis Markup Language (SSML) attributes to increase pronunciation
                        control for rendering natural language in text-to-speech enabled reading
                        systems. It is also possible to combine CSS Speech and inline SSML phonemes
                        to provide fine control over ruby.

                    EPUB3's CSS support enables horizontal and vertical writing as well as
                        left-to-right and right-to-left writing.  In addition, there is better
                        control over line breaking so that breaks can occur at the character level
                        for languages that do not use spaces to delimit words. However, reading
                        systems are not required to support all these capabilities.

                

                	
                    Removal of DTBook and XML Islands

                    While most publishers delivered content in accordance with the EPUB
                        schema, far fewer used the DTBook syntax, which is targeted to systems
                        supporting accessibility to print-impaired users. It was decided fairly
                        early in the process that the 2 schemas would be unified in order to
                        increase accessibility to digital content. This was enabled by HTML5's
                        intrinsic semantic markup capabilities that were similar to those found in
                        DTBook. In essence, all EPUB3 content is accessible by nature. That being
                        said, there are still steps that should be taken to make content even more
                        accessible, including alternate text on images and formulas.

                    XML islands were also a feature that was little used and caused
                        interchange issues between reading systems. A survey of publishers and
                        conversion service providers revealed very little use of this
                        feature.

                


            

    
    
        What is still missing?

        
            Inter-document linking

            Although the CFI spec provides mechanisms for addressing locations within an EPUB
                file, inter-document linking functionality will not be included at this time.
                Inter-document linking was proposed to allow EPUB files to reference other EPUB
                files. The difficulty was in designing a linking mechanism that supported all the
                following use cases:

                    	
                        linking to a specific place within a specific EPUB file (e.g. a
                            reference to a particular passage within a particular version of Tom
                            Sawyer) from another EPUB file

                    

                    	
                        linking to a specific place within a non-specific EPUB file (e.g. a
                            reference to a particular passage within whatever version of Tom Sawyer
                            is available to the device) from another EPUB file

                    

                    	
                        appropriate actions in cases where the target location is not
                            available on the device (e.g. dead link, access a store, etc.) 

                    

                
The difficulty in developing a complete and thorough specification
                was deemed too much to accomplish within the timeframe for developing the EPUB3
                specs. It is anticipated that work will begin on a new companion spec after the
                EPUB3 specs have been finally approved.

        
        
            Annotations

            Another class of functionality that is dependent on the CFI is the definition of
                an interchangeable method for defining annotations on an EPUB. There is a
                requirement to be able to move annotations between reading devices in much the same
                manner as the publications themselves can be interchanged. As with the
                inter-document linking work, this work was postponed until after the final approval
                of the EPUB3 specs in order to meet deadlines and to allow the CFI to become final
                before designing something that was dependent on it.

        
        
            Dictionary Interchange

            During the discussions about glossaries and indexes, it was determined that there
                is a need to include dictionary interchange support. Most reading systems provide
                dictionary lookup capabilities, but there is not a standardized or extensible method
                for doing so. The goal of this companion specification will be to define an
                interchangeable dictionary scheme. In addition, it will provide a method for an EPUB
                to insert publication specific terms into the dictionary mechanism in order to
                create a consistent user experience for looking up terms within a publication, no
                matter what reading system is being used.

        
        
            Enhanced article support and support for ads

            The stated goals of the IDPF board for EPUB3 included the definition of a
                mechanism for including advertising and enhanced article support. When it was time
                to create working groups for the different work items, there was lukewarm support
                for this within the working group. In conjunction with these was a suggestion to
                define functionality to support hotspots on graphics. Within IDEAlliance, a working
                group consisting mostly of magazine and periodical publishers, known as nextPUB has
                begun work on creating a layer based on EPUB3 that will work well within the
                magazine industry. The aforementioned goals have essentially been passed to the
                nextPUB working group for resolution.

        
    
    
        Adoption and Market Impact

        Whenever a new version of a specification is released, there is inevitable upheaval
            within the marketplace. This specification will be no different. Publishers will need to
            revise their production process to support the new format. In addition, they will need
            to determine how best to take advantage of the new functionality provided within the
            spec. This must be tempered with knowledge of what is supported across reading systems.
            Many of the new features within the specification are optional, meaning that device
            capabilities might be even broader than they are now.

        One of the things the working group did well was the mandate that all EPUB3 reading
            systems are required to support pre-EPUB3 files. This guarantees that current customer
            libraries will be able to be read on devices supporting EPUB3. However, there is no
            mandate for forward compatibility from current EPUB reading systems, meaning that some
            dedicated devices may begin a path to obsolescence. While it is possible that many can
            be updated via software upgrades, there are still device limitations that must be
            considered. E-Ink based displays cannot refresh quickly enough to support video, meaning
            that publishers should provide fallbacks any time they incorporate video within an
            Ebook. The video format compromise will also force publishers to create fallbacks to
            support different formats on different reading systems.

        At this point in time it is difficult to predict the level of support for EPUB3 from
            reading system developers. Several high profile reading system vendors were part of the
            working group, but none have made any formal announcement concerning schedules for
            releasing EPUB3 capable reading systems and apps. It seems logical that non-dedicated
            reading system vendors (such as the iPad or android tablets) might be able to be more
            agile in releasing the updates, especially the functionality around embedded audio and
            video and JavaScript. Dedicated reading systems, such as the Kindle, Nook or Kobo, do
            not have the hardware capability to support video, meaning new models of the devices
            will be required. Barnes & Noble has been proactive in releasing the nookColor,
            which is capable of supporting the new multimedia capabilities.

        Publishers, on the other hand, will be caught between a rock and hard place, yet
            again. Conversion vendors are already receiving requests for EPUB3 support, even before
            reading systems are available. Validation software is also not available yet, making it
            very difficult to test EPUB3 files.  The timing of the final spec release (July 2011)
            will also compound problems as publisher begin to gear up for the upcoming holiday
            season, without a clear understanding of what capabilities will be available in the
            different reading systems. It would be prudent for publishers to continue to support the
            current EPUB standard in order to support the current customer base. However, there will
            also be pressure on them to begin creating EPUB3 files to take advantage of the new
            functionality and capabilities. This will result in additional cost burdens for
            publishers.

        At this point, it is unknown how the public will react to the release of EPUB3-based
            books. For some time, there will likely be additional confusion about which formats are
            supported on which devices. There is also some interest in how the various online
            sources will market the new files. It is anticipated that multiple choices will be
            available for the foreseeable future. How long the stores identify the different
            versions remains to be seen.
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      Abstract
XML has mature tools for validation, transformation, and query,
but current tools require a level of programming skills that many users
who need dynamic documents do not have. Using the organizational pattern
of tag libraries (borrowed from Java tag libraries), we propose to divide
responsibilities for dynamic documents between two classes of people.
Tag-library developers implement query, transformation, or component formatting
for predefined tags in a library; document authors create dynamic documents
by embedding elements from the tag library in HTML, XSL-FO, or other documents;
when the document is processed, elements from the tag library are replaced
by automatically generated content. A callback mechanism allows the document author
to pass document fragments to the tag library for parameterization. Document authors
can use tag libraries in ways not foreseen by the tag library developers and
can combine tag libraries from different developers. A robust tag-library solution
will foster better collaboration between XML developers and creators of XML documents.
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    Introduction

    XML provides mature facilities for processing and presenting information.
The solution developer's toolkit includes
XSLT (see XSL2) to transform XML documents from one vocabulary
to another, 
XQuery (see XQ1) to retrieve and modify persisted XML documents
for applications, and
XHTML (see XH) and XSL-FO to present information on the screen or
in print.
These standards have become essential tools for web applications,
publishing pipelines, electronic interchange, and many other challenges.
Having successfully addressed such fundamental challenges,
the XML community can now refine the toolkit.
In particular, the XML community can consider whether lessons learned by other
communities could have benefits for the XML technology portfolio. 


    The experience of the Java community with tag libraries offers
one such opportunity.  Java introduced tag libraries to broaden
the appeal of an existing, successful technology, JSP (Java Server Pages)
(see JSP).
Widespread adoption exposed a fundamental issue with JSP:  
JSP required skill levels that limited the set of users who could
define dynamic documents and, by exposing robust programming capabilities,
provided for a poor separation of concerns.
The Java community solved these problems by introducing tag libraries.

    In the Java technology stack, tag libraries are function libraries
called by embedding a markup vocabulary (the tags) within documents.
The approach is open-ended in that each tag library supplies its own
markup vocabulary.


    The canonical example of a tag library retrieves rows from a database
for layout and styling in a document. The following example fragment has
a single taglib:attendees tag:


    
<html:table>
    <taglib:attendees>
        <html:tr>
            <html:td>${last-name}</html:td>
            <html:td>${first-name}</html:td>
        </html:tr>
    </taglib:attendees>
</html:table>


    The taglib:attendees tag calls a function in a tag library
(whose Java implementation is omitted here).  The function implementation retrieves
attendees from a database and repeats the content of the tag for each attendee.
When generating output from the tag content, the function replaces the embedded
${last-name} and ${first-name} expressions with the
last name and first name values for the currently processed attendee.  Thus,
a generated result document would resemble the following example:

    
<html:table>
        ...
        <html:tr>
            <html:td>Fitzgerald</html:td>
            <html:td>Elena</html:td>
        </html:tr>
        <html:tr>
            <html:td>Green</html:td>
            <html:td>Alfonso</html:td>
        </html:tr>
        <html:tr>
            <html:td>Hutz</html:td>
            <html:td>Egberto</html:td>
        </html:tr>
        ...
</html:table>


    As the example shows, the tag library approach provides for 
a useful division of responsibilities.
The tag library developer is responsible for packaging functionality (often
information retrieval and manipulation as in the example but also a widget gallery
or anything else that can be executed with a simple interface) as an embeddable
vocabulary.
The tag document author is responsible for assembling the tag library vocabulary
with static elements (often providing style and layout specifications) to produce
a dynamic document.
By fostering collaboration between these audiences, tag libraries extend
the reach of both participants.
The Java community has confirmed the value of this collaboration with comprehensive
toolkits such as JSF (Java Server Faces).


    While XSLT and XQuery have always had the ability to combine
literal result elements with dynamic content, the XML technology stack
currently lacks a complete solution for providing this kind of division
of responsibilities.
This paper proposes adapting the Java Tag Library approach by implementing
tag libraries in XSLT or XQuery and making use
of tag vocabularies in XHTML, XSL-FO, or other XML documents.
We use XSTag (for XML Style Tags) as the working title
for this variant on the tag library approach.


  

  
    Essential Terms, Concepts, and Limitations

    The introduction made casual use of several terms that we summarize
more formally here:


    
    
      	tag

      	
        An XML element that can be embedded in a document to call
a function in a tag library to produce dynamic XML result nodes.


      

    

    
      	tag vocabulary

      	
        The tag element set that declares the functions
exposed by a tag library.

      

    

    
      	tag library

      	
        A function library (typically implemented in XSLT or XQuery)
exposed by means of a tag vocabulary.  (Note that this sense of the term differs
from other senses such as the documentation for an XML vocabulary.)

      

    

    
      	host vocabulary

      	
        A static XML vocabulary for documents; typically a presentation 
vocabulary such as XHTML or XSL-FO.

      

    

    
      	tag document

      	
        A document that mixes a host vocabulary and the tag vocabularies
from one or more tag libraries, potentially with other dynamic constructs such as
embedded XPath expressions and XSTag statements (a small set of flow control,
evaluation, and constructor statements equivalent to the core statements
from Java Tag Libraries).  Because the tag vocabularies are not part of the 
host vocabulary, tag documents are typically well formed rather than validated.
In practice, this limitation is not burdensome because the generated result
document should be inspected anyway after most changes to the tag document.


      

    

    
      	handler

      	
        A document fragment that is supplied by the tag document but 
parameterized by the tag library.  The Introduction
gives a handler example in the content of the taglib:attendees tag,
which is a document fragment that receives the last-name and first-name parameters
from the tag library.
A tag library can support handlers for any kind of event that might occur
during the execution of the tag including different phases of execution
or different element types encountered. 


      

    

    
      	tag processor

      	
        An engine that reads a tag document and one or more tag libraries and 
generates a result document. 
        

      

    

    
      	result document

      	
        A document produced by processing the dynamic elements within
a tag document. A result document can be validated with the schema of the
host vocabulary.


      

    

    

    The essential features of the XSTag approach are as follows:


    
    	
      Simplicity of the tag document.  By constructing documents with
special XML elements instead of programming with calls and variable assignments,
people with less expertise can successfully generate dynamic documents.
In particular, the use of special XML elements puts the emphasis
on the semantics of the tag rather than the syntax of the tag call.
From the perspective of the tag document author, the XML element
effectively is the call to a function (without needing any other annotations).




    	
      Assembly of tag libraries by the tag document.  This feature
removes the need for programming expertise to produce new combinations of libraries and
thus maximizes the potential reuse of tag libraries.
(UNIX pipes provide a good demonstration of the benefitss of assembly by the consumer.)




    	
      Both pull and push processing (see PUSHPULL) in the tag
document. Tags let the tag document pull processing defined in a tag library,
while handlers let the tag library push processing control to the tag document.
Having both pull and push capabilities adds some conceptual complexity but
simplifies tag documents for cases similar to the example in the introduction.
In particular, handlers give the tag document author the ability
to interleave tags from different tag libraries at the fine-grained level in ways
unforeseen by the tag library developer.






    The XSTag approach is not a solution for every document processing challenge.
The tag library approach is designed for producing dynamic documents (especially HTML)
through layout and configuration or styling of components and data provided
by reusable libraries.
In particular, handlers are sufficient for push processing of a pre-defined set
of events that occur during execution of one tag.  
Handlers don't provide a good tool for transformation of a complex document
from one large vocabulary into a different vocabulary.


    Before explaining our approach in detail, we review some existing solutions
for document authors.


  

  
    Related Work

    Several XML initiatives address the challenges of dynamic documents,
including:


    
    
    	Simplified Stylesheets

    	
      XSLT provides Simplified Stylesheets (see XSL2) as a method
for embedding XSLT statements inside a result element at the root level of a document.
Limited to the statements valid within an XSLT template, Simplified Stylesheets
cannot include or import other stylesheets and cannot provide matching templates.
In addition, template calls in Simplified Stylesheets use the xsl:call statement
and thus emphasize the XSLT syntax of the call.


      As a result, Simplified Stylesheets have some key limitations
with respect to the simplicity of the document, to assembly of libraries by a document,
and to push processing defined in a document.
An additional stylesheet can include or import Simplified Stylesheets
but this approach requires programming expertise to integrate documents
and libraries.


    

    

    
    	Cocoon XSP

    	
      XSP (see XSP) provides a method for replacing placeholders
in XML documents with the results from Java logic using bindings defined with XSLT.
Because Cocoon runs in a Java web application environment, the primary focus of XSP is leveraging 
Java capabilities for producing content within XML documents.


    

    

    
    	XBL

    	
      XBL (see XBL2) provides flexible aggregation
of content fragments and of client resources such as JavaScript methods.
XBL has seen only partial implementation and limited adoption, perhaps because the
sophistication of the binding mechanisms is challenging for document authors.


    

    

    
    	Template placeholder replacement

    	
      The general approach of writing stylesheets to replace placeholders
in a template document with dynamically generated content
was worked out ten years ago (see XSTEMP).
RunDMC (see RDMC) is a more recent XSLT-based framework exemplifying
the approach.
RunDMC includes the ability to parameterize dynamic generation with content supplied
by the placeholder.
While encouraging simple documents, template placeholders typically don't address
assembly of libraries by a document or push processing defined in a document.
These tasks typically remain the responsibility of the template processor,
minimizing the potential for a library approach.


    

    

    
    	XForms

    	
      XForms (see XForms) supports forms interaction
with a separation of model, view, and controller.  Such interactions are behaviors
of the runtime document.  Thus, XForms solves a fundamentally different
problem than dynamic composition of the runtime document.  For instance,
a tag library could encapsulate the XForm model, view, and bindings
for a form, providing a simpler interface for inserting the form into
the document.  As another example, a tag library could encapsulate alternative
event handlers, providing a gallery of options of predefined behaviors for a
specific form.


    

    



  

  
    Similarities and Differences Between XSTag and Java Tag Libraries

    While borrowing heavily from Java Tag Libraries, XSTag also differs
in some important ways:


    
    
    	Expression language

    	
      Java Tag Libraries can embed a simple expressions in attribute values or
element content. Scenarios for use of expressions include:


    
    	
    Evaluating variables

    

    	
    Manipulating string, numeric, and date values

    

    	
    Extracting values from XML documents

    

    	
    Copying portions of XML documents

    

    

      XSTag follows XQuery in supporting delimited XPath expressions
in both attribute value and element content (thus differing from XSLT,
which allows delimited XPath expressions only in attribute values).


    

    

    
    	Basic Statements

    	
      Java Tag Libraries provide a reserved XML vocabulary for basic statements
within a tag document including capturing the result of an expression
in a variable, conditional branching, looping and so on.


      These statements have equivalents in the XSLT statements allowed within
a template including xsl:choose, xsl:if, and xsl:variable.  
While tag libraries can minimize the need for such statements, 
the availability of such statements can have practical importance as a workaround.


    

    

    
    	Function Binding

    	
      Java Tag Libraries use declarations to associate
XML elements with Java functions.
In an XML processing contexts, such indirection seems potentially confusing 
instead of useful.
Instead, XSTag binds a tag call in the tag document to a tag definition with the
same QName in the tag library.


    

    

    
    	Handlers and Parameters

    	
      Java Tag Libraries refer to a handler as a tag body.
In Java Tag Libraries, a tag can have at most one handler.
The Java tag body is also a closure with respect to the tag document
in that variables in scope within the tag document can be evaluated
in the tag body.


      While the limitation to one handler is adequate for regular relational data,
a single handler is not enough to process an XML tree structure or complex
XML data vocabularies.
XSLT has template match rules and XQuery has typeswitch expressions for this reason.
To process XML content with a tag, different dynamic content must be produced
for different elements.
For that reason, XSTag allows multiple handlers for a single tag
and permits atomic values or XML nodes as parameters.


    

    

    
    	Tag Document Inclusion

    	
      Java Tag Libraries have inclusion statements to insert
one tag document inside another tag document.
Such inclusion statements resemble a tag call.
Rather that introduce two different kinds of tag calls,
XSTag supports reuse of document fragments through basic tag libraries
with tags that merely return a static document fragment.


    

    



    Having reviewed alternative strategies and Java Tag Libraries
background, we now introduce our approach for processing tag libraries.


  

  
    Tag Processors

    The tag processor is responsible for
parsing the tag document and imported tag libraries and 
producing a result document.  Whether implemented
by interpretting the sources or by preprocessing and then executing XSLT, XQuery, or
some other language, the steps for producing a result document are conceptually similar:


      
      
        	The tag processor descends the XML tree of a tag document, defining variables  
           in scope within a branch. Those variable are outside any tag call and, essentially, are constants.
           The tag processor also evaluates any expressions outside of a tag call, replacing each expression
           with its result. 
        


        	When the tag processor reaches a tag call, it performs evaluation and replacement
          on expressions outside of any handler.  We call this phase the time of the call.
          Conceptually, for any expression within a handler, the tag processor replaces any variable
          defined outside the handler with its value at the time of the call.
          That is, a handler is a closure with respect to the tag document outside
          the tag call.
        


        	As the tag processor is executing the tag, when the processor 
          reaches a call to a handler, the processor evaluates the expressions 
          in the handler, replacing parameters of the handler with their values before
          replacing each expression with its result.
          This phase is called the time of handler processing.
        


      


      As shown in Workflow, a tag processor can be
implemented in XSLT as a preprocessor that generates XSLT modules for execution
by a general-purpose XSLT processor; a parallel approach is possible in XQuery.


    [image: Tag Processing Workflow]
            
          
Figure 1.Tag Processing WorkflowPreprocessing a tag document and tag libraries and
then executing XSLT or XQuery.


  

  
    XSTag Syntax


    Due to the division of responsibilities, 
    tag libraries and tag documents have different audiences and thus
    different syntax. 
    

    
    
      Top-Level Elements of Tag Libraries

      The XSTag statements in the tag library and tag document have
a namespace to distinguish them from other XML vocabularies.   
(For our prototype, we have used http://code.google.com/p/xstag/ns/2011/.)
Throughout the paper, the XSTag namespace is indicated with the prefix xst.


      Tag libraries can be implemented using a basic statement set
that all XSTag processors must support or using the language
of the tag processor (either XSLT or XQuery in our prototype) to implement
the tag.
Basic and processor-specific tag libraries have similar declarations for
the root element and its top-level child elements:
      

        
        
          	xst:taglib

          	
            The required root element, which must have an version
            attribute identifying the level of the tag processor.
            In addition, a processor-specific tag library must provide a for attribute identifying
            the tag processor language (such as xslt or xquery).
            A basic tag library may omit the for attribute or supply the xstag value
            for the attribute.
            

          

        

        
          	xst:import

          	
            An optional statement to import other libraries.  The body of tags
            can call the functions or tags supplied by the imported library.
            The for attribute identifies the tag processor when the import should only be resolved
            for that processor.  If the for attribute is set to xstag or omitted,
            the imported library is a basic tag library, and the import should always be resolved.
            

          

        

        
          	xst:tag and xst:param

          	
            Declares a tag and its parameters. 
The name attribute must supply 
a QName, e.g. <xst:tag name="pref:myTag">...</xst:tag>, 
where prefix pref is bound to some namespace, and myTag is the name of the tag.
The tag element should have an as attribute to declare the return type of the tag,
using any atomic or node type allowed in XPath.
Omitting the as attribute is equivalent to specifying
the item() XPath type and thus requiring calls to tolerate any item.


            Similar to XSLT, parameters take a name attribute and
can take the as attribute
to declare any atomic or node type and a select attribute or content to declare a default value
if the tag call does not pass the parameter.
In addition, one of the tag parameter can have an implicit attribute set to true,
which allows a shortcut in tag calls (please see Tag Documents).


    In addition to the standard XPath atomic or node types, parameters can also have a
handler type. A handler type resembles an XPath 2.1 function signature but requires
a name for each parameter of the handler. The handler is required or optional on the tag call
based on whether its signature has a required or optional return value.
A tag's handler parameter may contain a default handler definition.


          

        

        

        Basic tag libraries and processor-specific tag libraries differ
in the implementation of the body of the tag definition.
        


      
        Basic Tag Libraries

        Within a basic tag library, tag definitions are implemented with basic tag statements.
        These statements are modeled on a subset of XSLT instead of introducing a new vocabulary
        so that XSLT developers can easily write tag libraries and so that advanced document authors
        who learn how to write basic tag libraries can progress to XSLT.
        

        
        
          	branching and looping

          	
            xst:choose/xst:when/xst:otherwise, xst:for-each, xst:if
            

            The xst:for-each element differs from xslt:for-each in requiring
            a name attribute for the current iterated item.

          

        

        
          	variables and evaluation

          	
            xst:content, xst:variable
            

            Because XSLT has three alternatives (xsl:copy-of, xsl:sequence, xsl:value-of)
            for inserting the result of an expression, we have introduced a xst:content statement
            for inserting the result of an expression as content within an element.
            

          

        

        
          	constructors

          	
            xst:attribute, xst:comment, xst:element, xst:namespace,
              xst:processing-instruction, xst:text

          

        

        
          	calls

          	
            xst:call with either the name attribute to call a function
            in an imported function library (such as a callable template in an imported XSLT module or
            a declared function in an imported XQuery library module), the tag attribute to call
            a tag in the current library or an imported tag library, or the handler attribute
            to call a handler passed by the tag call.
            Similar to XSLT, the call can take xst:with-param subelements to pass
            parameters.  When calling a tag, the call can also take xst:with-handler subelements
	        to pass handlers to the called tag (similar to an XPath 2.1 function object).

          

        

        

        
          A tag library can define a handler only as the default implementation for a handler parameter
          (and not, for instance, as the content of a variable).  
        

        Intentionally less powerful than XSLT or XQuery, basic tag libraries provide functionality
        that can be supported on any tag processor. 
        Basic tag libraries can support reuse of headers and footers through simple tags
        that take no parameters and return a document fragment.
        

      
      
        Example of a Basic Tag Library

        
          As an example, we will use the typical XML example of a book store. 
          For simplicity we consider a flat book structure in XML documents. Assume that we have multiple XML documents 
          that contain  a list of books where each of those may contain the following information: 
          a title, genre, multiple authors, a description, a publish date and price.
          Some sample data in this structure:
        

        
        
      
<books id="publisherX">
  <book id="203"> 
    <title>XQuery Kick Start</title> 
    <author>James McGovern</author> 
    <author>...</author>
    ...    
    <genre>Computer</genre>    
    <year>2010</year> 
    <price>46.99</price>
    <description> This book is about ... </description>    
  </book>      
</books>
            
        

      
        To support a book store use case, a basic tag library with a single tag definition might resemble
        the following example: 
      

      
          
<xst:taglib version="0.2"
  xmlns:fn  = "http://www.w3.org/2005/xpath-functions"
  xmlns:xst = "http://code.google.com/p/xstag/ns/2011/"
  xmlns:tag = "http://code.google.com/p/xstag/ns/demo/tag/books">

  <xst:tag name="tag:books" as="element()*">
    <!-- tag definition parameters --> 
    <xst:param name="years" as="xs:gYear*"/>
    <xst:param name="onBook" implicit="true"
        as="handler($title as xs:string, $authors as xs:string+) 
                    as element()?">
      <!-- default handler implementation -->
      <tr>
        <td><xst:content select="$title"/></td>
        <td><xst:content select="fn:string-join($authors, '; ')"/></td>
      </tr>
    </xst:param>
    <!-- The tag definition body -->
    <!-- getting the books for the requested years -->
    <xst:variable name="books" as="element()*"
        select="document('books.xml')/books/book[fn:empty($years) or data(year)=$years]"/>
    <!-- processing each book by calling the handler -->
    <xst:for-each name="book" select="$books">
      <xst:call handler="$onBook">
        <xst:with-param name="title"   select="$book/title/fn:string(.)"/>
        <xst:with-param name="authors" select="fn:string-join($book/author/fn:string(.), ', ')"/>
      </xst:call>
    </xst:for-each>
  </xst:tag>
</xst:taglib>
          
      


    The above tag library contains only one tag definition that is bound to
	namespace http://code.google.com/p/xstag/ns/demo/tag/books 
    via the prefix tag. The books tag
	takes two parameters:  a list of xs:gYear values that denote years
	of publications and a handler parameter that, in turn, takes a title and
	a list of authors. If a tag caller does not provide
	a handler definition then the default implementation within the handler
	is used.  In the example, the default
	handler implementation returns an HTML table row that contains two columns: a book title and
	concatenated list of authors.  The default handler assumes that the tag document will wrap
	an HTML table around the call to the books tag.
    
    
    The handler definition body retrieves books based on
	supplied years.
	Then, for each retrieved book element, the tag definition body calls the
	handler definition with the title and authors
	parameters of the handler.    
    

  
      
      
        Processor-Specific Tag Libraries

        A processor-specific tag library has the same 
top-level statements (see Top-Level Elements of Tag Libraries) as
a basic tag library including the tag declaration statements
(that is, the xst:tag and xst:param statements).
The root xst:tag-lib statement must have a for
attribute identifying the processor-specific language
of the tag library.
The body of the tag definitions must be implemented
in the processor-specific language.
For instance, an XQuery-specific tag library uses XQuery statements
after the xst:param elements inside the xst:tag definition.
        

        The only exception applies to calls to handlers. 
The tag processor must be able to parse these calls, so calls to handlers must embed
the xst:call statement where appropriate within the tag definition.
        

          
The example from Example of a Basic Tag Library could be rewritten as an XQuery-specific
tag library as follows:
        

          

<xst:taglib version="0.2"
  for="xquery"
  xmlns:fn  = "http://www.w3.org/2005/xpath-functions"
  xmlns:xst = "http://code.google.com/p/xstag/ns/2011/"
  xmlns:tag = "http://code.google.com/p/xstag/ns/demo/tag/books">

  <xst:tag name="tag:books" as="element()*">
    <!-- tag definition parameters --> 
    <xst:param name="years" as="xs:gYear*"/>
    <xst:param name="onBook" implicit="true"
        as="handler($title as xs:string, $authors as xs:string+) 
                    as element()?">
      <!-- default handler implementation -->
      <tr>
        <td><xst:content select="$title"/></td>
        <td><xst:content select="fn:string-join($authors, '; ')"/></td>
      </tr>
    </xst:param>
    <!-- The tag definition body -->
    <!-- getting the books for the requested years -->
    let $books as element()* :=
        document('books.xml')/books/book[fn:empty($years) or data(year)=$years]
    <!-- processing each book by calling the handler -->
    for $book in $books
    return
      <xst:call handler="$onBook">
        <xst:with-param name="title"   select="$book/title/fn:string(.)"/>
        <xst:with-param name="authors" select="fn:string-join($book/author/fn:string(.), ', ')"/>
      </xst:call>
  </xst:tag>
</xst:taglib>

          

    The revision above does the same thing as the basic tag library but in XQuery.
Reasons for using a processor-specific tag library
include familiarity with the language as well as requirements that exceed
the limited capabilities of basic tag libraries. 
    
      
      
       

    
      Tag Documents

      A tag document calls a tag provided by a tag library
      by embedding an XML element with the same QName as the tag.
      The element making the tag call can have: 

          	
            Subelements or attributes that supply parameters of the tag.
            

          

          	
            Subelements that supply handler definitions for handler parameters of the tag.
The container subelement must take an xst:handles attribute that lists the parameters
received by the handler. 


            If the tag definition passes a parameter to the handler definition
that the handler definition does need, the handler definition can simply ignore
the parameter.  In particular, the xst:handles
attribute does not have to list parameters that aren't used in the handler definition.
The order of parameters in the xst:handles
attribute does not matter.


          

        

      A tag document can only define handlers as part of a tag call. A tag call can be nested
        within a handler.

      
      If a tag has an implicit parameter (as explained in Top-Level Elements of Tag Libraries), the
tag element can omit the subelement container and contain the content of the parameter
directly. When containing the content of an implicit handler, the tag call must supply
xst:handles attribute.


      Variable scope is limited to following siblings and their descendants. Handlers can refer
        to variables in scope. An example of a tag document: 


      
        
<html xst:version="0.2"
  xmlns:xst = "http://code.google.com/p/xstag/ns/2011/"
  xmlns:fn  = "http://www.w3.org/2005/xpath-functions"
  xmlns:tag = "http://code.google.com/p/xstag/ns/demo/tag/books"
  >
  <!-- Importing a books tag library -->
  <xst:import href="BooksTaglib.xstag"/>
  <xst:variable name="years" select="(2010, 2009, 2008)"/>
  <head>
      <title>Books for {$years} years</title>
  </head>
  <body>
    <table>
      <tag:books years="{$years}" xst:handles="$title, $authors">
        <tr>
          <td>{$title}</td>
          <td>{fn:string-join($authors, ', ')}</td>
          <td>{fn:count($authors)}></td>
        </tr>        
      </tag:books>
    </table>
  </body>
</html>

      

            
      The example above creates an HTML document with a table of
	books for particular years. This tag document makes use
	of a tag library presented in Basic Tag Libraries. 
	First of all we import the tag library using the import statement:
        <xst:import href="BooksTaglib.xstag"/>. 
	In order to use tags from that library, the namespace for
	the tag call element (tag:books) 
	has to match the namespace for the tag definition element but does not have to have the
	same prefix.
      

      
      Our tag has two parameters (refer to Basic Tag Libraries
	for more details): a sequence of publishing years and
	a handler parameter that takes a string parameter for a title and a
	sequence of strings for the list of authors.
	The tag:books tag call contains
	a years attribute to supply the years parameter
	and content to supply the handler definition for the onBook handler parameter.
      

      The xst:handles attribute on the tag call identifies the set of parameters
	that the handler expects the tag definition to pass.
      

      While a tag processor can check consistency by looking at both a tag
	library and a tag document,
	there are some advantages to having the xst:handles attribute:
      

      
        	By looking for the xst:handles attribute,
a document author can find the handlers (for instance, after taking on 
maintenance responsibility for someone else's  tag document).
        


        	A tag processor can compare the parameters expected by a
          handler definition with the parameters declared formally for the handler by the tag definition and detect
          errors if, for instance, a change in the tag library invalidates the tag document.
        


        	A tag processor can also check to confirm that every variable reference in
          the tag document is in scope either within the tag document or as a parameter
          of the handler definition.
        


      

      The xst:handles attribute does not control the handler call 
        from the tag definition to the handler definition. 
        Instead, the handles attribute declares the tag document's expecations
        for how the tag definition will call the handler (in this respect, similar
        to a C external function signature for a function defined in a library). 
      

      Results of tag calls can be bound to some variables and those variables
	can be reused in other tag calls.
        

    
  

  
    Tag Processor Implementation


    Prototype XSLT and XQuery implementations of XSTag are available
at http://code.google.com/p/xstag/.


    
    The XSLT implementation makes use of Dimitre Novatchev's technique for 
    dynamic templates (see FXSL):

    
    	
    A tag call is preprocessed to a call passing a temporary XML document that has a
      subelement for each handler and a subelement capturing the state of each variable
      defined outside the call but referenced in a handler. 

    

    	
    A handler is preprocessed to a match template for the handler subelement, assigning local
      variables from the state subelements for each out of scope variable that is referenced in the
      handler. 

    

    	
     A tag template is preprocessed to a named template with a single parameter for the
      temporary XML document and local variables for the handler subelements that (when not provided
      by the temporary document) default to the content of the handler parameter. 

    

    	
     A handler call is preprocessed to an apply on the handler subelement of the call
      document. 

    

    

  
    In the XQuery implementation:

    
    	
     If the XQuery processor supports closures, a preprocessor can convert a handler into a
      closure that is passed as part of the tag call. The preprocessor can treat the handlers in a
      tag library as a function item parameter. 

    

    	
     If the XQuery processor supports function items, a preprocessor can convert a handler
      into function and pass the function to the tag. The preprocessor can also capture the state at
      the point of call and restore the state within the constructed function by passing a temporary
      XML document (as in the XSLT implementation). 

    

    	
     Otherwise, a preprocessor can generate a copy of the tag library for each tag document,
      generating a function for each handler from the tag document and passing and restoring the
      state as a temporary XML document. 
    
 
    

    

    
    Both the XSLT and XQuery implementations in the prototype have limitations,
especially in their support for processor-specific tag libraries.



  

  
    Potential Investigations

    Tag library developers must provide guidance
to tag document authors on the use of the library.
To make that easier and more consistent, a mechanism similar to JavaDoc
is important for maintaining documentation source within tag libraries
and generating viewable documentation.
Existing projects such as XSLTdoc XSLD
or xqDoc XQD
may be adaptable for this purpose.


    All of the examples in this paper focus on events during
single-pass generation of a result document within an XML processing
environment.
Other scenario are equally possible:


    
    	
      For Client UI scenarios, a tag library could generate HTML documents
that use JavaScript to process some handlers in response to UI events
such as button clicks.




    	
      For AJAX scenarios, a tag library could generate HTML documents
that process some handlers by connecting to a service on a server.






    More generally, tag documents and basic tag libraries with a simpler
expression language than XPath could be converted to JavaScript and executed
on the client.
The advent of JavaScript-based XSLT and XQuery implementations also raises
the possibility of using XPath in the browser.
The specifics for processing some tag calls on document request, some tag calls
entirely on the client, and some tags calls through AJAX requests requires
more investigation.


    Tag libraries benefit from the movement by the current draft
XQuery and XSLT standards to support function objects.
Where the processor supports function objects with closure over variables
in scope for the function definition, handlers become trivial to implement.
The current XQuery draft envisions such function objects.  The tag library
approach suggests the value of such function objects for XSLT as well.


    A more interesting possibility would be incorporating a tag library
capability within the XSLT and XQuery standards as a shared definition (similar
to XPath).  
Tag library developers would benefit because (especially in XQuery)
a more natural syntax could be specified for a processor-specific tag library
that is difficult to support with a preprocessor.
Tag document authors would also benefit from direct processing instead of
preprocessing.
For instance, type coercion errors during runtime processing could be traced
directly to the tag document or tag library source for better debugging output.


  

  
    Conclusion


    Java Tag Libraries have seen wide adoption as a strategy
for dynamic documents
because of the division of responsibilities between tag document authors
and tag library developers and because of the ability to combine tag libraries
as needed for new solutions.
In particular, the approach removes the need to write binding logic to add or
change the libraries used in a document.


    This paper demonstrates the feasibility of adapting the Java Tag Libraries
approach for use with XML technologies.
Tag libraries can support a set of data retrieval
and manipulation functions as well as UI components.  Tag documents can support these
functions by embedding tags within a presentation vocabulary such as XHTML or
XSL-FO.  In particular, tag documents can pass handlers to tag libraries
for parameterization of document content by the tag library.


    Tag libraries can be implemented in either XSLT or XQuery, enlarging the
environments in which tag libraries can be deployed as well as the pool
of potential tag library developers.
A tag document can be processed in both environments, allowing
tag document authors to provide designs for either kind of environment without
having to learn a new syntax.
Through the contract of the tag signature -- the parameters and handlers
and return type passed to the tag -- contributors can apply their distinct
expertise to collaborate for information processing and presentation. 
    

  

     
    Glossary

    Some terms introduced in Essential Terms, Concepts, and Limitations
also appear here for completeness.

    
    
      	tag document

      	
        A document that mixes a static XML vocabulary (such as XHTML or XSL-FO) with XPath
          expressions, XML Simple Tag statements, and tags from one or more tag libraries to produce
          dynamic documents.

      

    

    
      	tag library

      	
        A function library (typically implemented in XSLT or XQuery) that produces XML content
          for a tag document. 

      

    

    
      	simple tag statement

      	
        

      

    

    
      	tag call

      	
        An element in a tag document processed as a function call to a tag definition with the
          same QName, supplying parameters with its attributes and content and replaced by the
          return value from the tag definition.

      

    

    
      	tag definition

      	
        A function provided by a tag library that processes parameters to produce XML content.
        

      

    

    
      	tag parameter

      	
        An atomic value, XML node (typically one or more elements), or handler definition
          passed by a tag call to a tag definition to control production of the XML content or to
          supply content for insertion into the XML content.

      

    

    
      	tag definition body

      	
        Content of a tag definition followed after declaration of all tag parameters. 
          A tag definition body defines the logic how a tag call will be executed.
        

      

    

    
    
      	parameter container

      	
        A subelement of the tag call supplying a tag parameter with its content; the
          subelement has a namespace prefix that is the same as the prefix of the tag call and a
          local name that's the same as the name of the tag parameter. 

      

    

    
      	handler definition

      	
        An XML fragment that is passed as a tag parameter and that is processed with values
          generated during execution of the tag definition; a callback.

      

    

    
      	handler definition call

      	
        Processing of a handler definition with values during execution of a tag
          definition.

      

    

    
      	handler definition parameter

      	
        A value passed by the tag definition to a handler definition. 

      

    

    
      	tag processor

      	
        
          An implementation of the tag library and tag document functionality that takes them as an input and 
          produces a result document. 
        

      

    

    
      	result document

      	
        
          A document produced by a tag processor based on tag libraries and a single tag document that import those libraries. 
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      Abstract
Object serialization is the process of rendering an object into a state that can be stored persistently. 
        Serializing objects to XML brings many advantages over binary encoding because XML is human and computer readable,
        and it also aims to have better interoperability between different programming languages. This paper presents
        Web Objects in XML (WOX), an efficient and easy to use XML serializer for C# and Java objects. It allows to serialize
        Java objects to XML, de-serialize them to C#, and viceversa. Our serialization approach does not need code annotations 
        or any other type of configuration from the user in order to serialize objects. The XML encoding used in our WOX serializer can 
        represent objects in other object-oriented programming languages. We describe the main features and uses of the WOX serializer,
        its implementation, and the XML representation generated along with some examples.
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    Introduction


    Object serialization is the process of rendering an object into a state that can be stored persistently. 
      Serializing objects to XML brings many advantages over binary encoding because XML is human and computer readable,
      and it also aims to have better interoperability between different programming languages. Interoperability is 
      an important issue in distributed object-based systems, because it allows the communication of 
      programs (clients and servers) written in different object-oriented programming languages. There are some fundamental 
      issues that have to be agreed by the different programming languages to be able to reach interoperability. Some of these 
      are related to the data type mapping, object representation, messages, serialization and de-serialization.


    Data type mapping. Data types are one of the main issues when it comes to interoperability between different 
      programming languages. There must be an agreed mapping between the data types in the programming language X and the data 
      types in the programming language Y. One way to solve this problem is a mapping table with the different data types 
      supported by the different programming languages.


    Object representation. There must be a standard way of representing objects, either the object is written in Java, 
      C#, or other object-oriented programming language. A standard format must be established to represent the supported 
      structures in the different programming languages: classes, primitive data types, arrays, and user-defined classes. 
      This must also include a standard way to represent remote object references.


    Messages. They represent the way clients and servers communicate. Messages are used to make requests or receive 
      responses, and they must also be written in a standard way to be understood by clients and servers.


    Serialization and de-serialization. In the context of data storage and transmission, serialization is the process 
      of rendering an object into a state that can be saved persistently into a storage medium, such as a file, database, or 
      a stream to be transmitted through the network. De-serialization is the opposite process, which puts the serialized 
      version of the object into a live object. Serialization and de-serialization are processes heavily used when dealing 
      with distributed object-based systems.


    In this paper we present Web Objects in XML (WOX), an efficient and easy to use XML serializer for interoperability 
      between the C# and Java programming languages. The WOX serializer is a stand-alone library based on XML (woxSerializer.jar 
      for the Java programming language, and woxSerializer.dll for the C# programming language), which is able to serialize
      Java and C# objects to XML and back again. One of its main features is the generation of standard XML, which is language 
      independent. This means that if we serialize a Java object to XML, we could take the generated XML to reconstruct the 
      object back to C#; and viceversa. It is worth noticing that our serialization approach does not need code annotations 
      or any other type of configuration from the user in order to serialize objects. 


    We have made our WOX serializer publicly available as an open-source project,
      which can be downloaded from http://woxserializer.sourceforge.net/. It must be noticed that the
      WOX serializer presented in this paper is an improved and interoperable version of the serializer that is part of
      the WOX framework reported in [Jaimez 2007], which has been used to develop distributed object-based applications.
      Many people have been using our WOX interoperable serializer since we made it available. As a consequence of this work, 
      the MSDN Magazine (a Microsoft Magazine) published an article, in its October 2010 issue [Khan 2010], about interoperability between 
      Java and .NET, where they mention and recommend the use of our work for interoperability between applications. We consider this as a 
      valuable example that demonstrates that our work has had an impact on the MSDN community.


    The rest of the paper is organized as follows. Existing XML serializers are discussed in the next section. 
      A following section describes the main features and uses of the WOX serializer. Then, we dedicate another section to the implementation 
      of the WOX serializer. The XML representation generated by the WOX serializer is presented in a subsequent section along with some examples. 
      Finally, conclusions and further work are discussed in the final section.


  

  
    Existing XML Serializers

    We have not found any out of the box XML serializer to interoperate 
      between different programming languages. In this section we present a series of frameworks and libraries to 
      serialize objects to XML. All of the libraries explored (except one of them) are not able to generate a standard 
      XML object representation to interoperate between different programming languages.


    XStream. This is a Java library [XStream 2010] to serialize objects to XML and back again. XStream is able 
      to serialize most objects without the need for custom mappings. The XML generated is easy to understand. One of 
      its features is the use of aliases, which offer a way to use different tags or attribute names in the XML produced. 
      Class types, package names, and field names can be mapped to XML tags. This library is a good option to have an 
      object serialized to XML, but the main limitation is that it is only implemented in Java.


    Koala. Koala XML serialization [Koala 1998] is a Java application that provides a way to serialize and 
      de-serialize any Java objects in an XML document. The serialization mechanism of Koala relies in the Java 
      Serializable interface. This application is called KOML for Koala Object Markup Language, which is also a 100% 
      pure Java solution. The website of this project has not been updated since 1998.


    XMOP. XML Metadata Object Persistence [XMOP 2000] allows some degree of interoperability between object 
      technologies such as Java, and Microsoft COM. In the case of Java, it provides automatic serialization capabilities 
      only for simple classes. For those classes that contain string and array members, developers have to hand code the 
      serialization methods. In the case of COM, it does not provide automatic serialization for simple nor complex objects. 
      Developers have to code COM serialization/persistence through some interfaces provided. XMOP employs the Simple 
      Object Definition Language (SODL) and its DTD. Using introspection an object is serialized in the XMOP document format, 
      which is a description of the interfaces, properties and methods of an object. Although the XML representation 
      generated by XMOP is interoperable between programming languages, the developer has to do considerable effort to hand 
      code the serialization methods for the objects to be serialized.


    JSX. Java Serialization to XML [JSX 2002] serializes only Java objects to XML. JSX can persist any Java object in 
      a human readable format, where the XML generated is nice and clean. Another of its benefits is that it provides the 
      evolution techniques of the Java Object Serialization. This library used to be free, but it now provides a trial period 
      of 30 days, after which the user must pay to use it.


    Castor. The Castor project [Castor 2010] is an open source data binding framework for Java. It provides Java-to-XML 
      binding and Java-to-SQL persistence. The Java-to-XML framework enables the user to deal with the data defined in an XML 
      document through an object model which represents that data. Castor can marshal almost any Java object to and from XML. 
      One restriction is that the Java classes of the objects to be serialized must follow the Java Bean conventions. Castor 
      uses a set of class descriptors and field descriptors to describe how an object should be serialized and de-serialized 
      from XML. Castor can work in two different modes: the introspection mode does not require any configuration from the 
      user; but in the mapping mode, the user provides a user-defined mapping file that allows the definition of a customized 
      mapping between Java classes and XML.


    JAXB. The Java Architecture for XML Binding [JAXB 2010] is a framework for processing XML documents. Unmarshalling 
      an XML document with JAXB results in a tree of objects, with the nodes in this tree corresponding to XML elements, which 
      contain attributes and the content as instance variables. In order to extract this information and convert it to objects 
      from the XML document it is needed an XML Schema (which defines the structural relationships and data types). The XML 
      Schema is compiled, and a set of Java classes is generated, which define the types required for accessing elements, 
      attributes and other content. In this approach the user is required to know the structure of the XML document, and 
      create an XML Schema in order to map it to Java objects.


    Although there are other existing libraries to serialize objects or messages to XML and viceversa, they are not 
      stand-alone, but they are part of a framework for web services, such as XML-RPC [Winer 1999], or those that implement 
      the SOAP standard [SOAP 2003]. Web service frameworks like those use XML serialization internally, and are out 
      of the scope of this paper.


    The next section presents some of the main features of our WOX serializer, which can be used to generate standard 
      XML representations of objects, and is able to interoperate between C# and Java.


  



  
    WOX Features and Uses

    The main features of the WOX serializer are listed below. 
    

          	
            Stand-alone. It runs as a stand-alone library to serialize and de-serialize Java or C# objects.

          

          	
            Easy to use. There is an Easy class, in both programming languages, that provides serialization and de-serialization methods.

          

          	
            Simple XML. The XML generated by the WOX serializer is simple, easy to understand, and language independent.

          

          	
            Classes require no modifications. The classes of objects to be serialized do not require to be changed with default 
                  constructors, getters, setters, or any other modifications.

          

          	
            Field visibility. Private fields in classes are serialized just as any other field. The WOX serializer serializes 
                  fields regardless their visibility.

          

          	
            Interoperability between Java and C#. WOX can serialize a Java object to XML, and reconstruct the XML back to a C# 
                  object; and viceversa.

          

          	
            Standard XML object representation. This could potentially allow to have WOX serializers in different object-oriented 
                  programming languages. There are two WOX serializers already developed: one for Java, and one for C#.

          

          	
            WOX data types mapping. There is a WOX mapping table that specifies how data types in Java and C# are mapped to WOX data types.

          

          	
            Robust to class changes. If classes change, default values will be used for newly added fields.

          

          	
            Arrays. Uni-dimensional and multi-dimensional arrays of primitive types and objects of any class are handled by the serializer.

          

          	
            Base-64. Byte arrays are base-64 encoded for efficiency.

          

          	
            Collection classes. Lists and Maps are provided as WOX data types. They are mapped to the ArrayList 
                  and HashMap classes in Java; and the ArrayList and Hashtable classes in C#.

          

          	
            Object references. TheWOX serializer is capable to handle duplicate and circular object references with id and idref attributes.

          

          	
            Class and Type. Objects of these classes are saved by their String name.

          

          	
            Small footprint. The woxSerializer.jar file (which contains only .class files) is only 25KB.

          

        



    The WOX serializer can be used by any program that needs to interoperate between C# or Java, or simply to serialize 
      objects to XML from any of those programming languages. Some of the purposes where the WOX serializer can be used are listed below. 
    

          	
            Transport an object. Serializing an object allows you send it through a network. Then it can be reconstructed at the other end.

          

          	
            Store an object. Persisting objects with the WOX serializer is easy. You can use them later by reconstructing them to the 
                  appropriate programming language.

          

          	
            Represent an object in a standard format. The XML generated byWOX aims to be independent of the programming language in which 
                  the object was created.

          

          	
            Work with Java and C# objects. Java and C# objects can be serialized and de-serialized to and from XML.

          

          	
            Testing. An object can be serialized to inspect its current state (fields and nested objects). This can help for debugging purposes.

          

          	
            Duplicate an object. Serialization is an easy way to duplicate objects.

          

        


  


  
    WOX Implementation

    The implementation of the WOX serializer is described in this section through three different flow charts, which 
      illustrate how the WOX serializer writes any object to XML. This section has also been presented in [Jaimez 2011].
      The flow chart in Figure 1, “Flow chart A” shows 
      the base functionality. There are some notes indicated with numbers inside a dotted square (A1 to A7) which are explained 
      below.


      [image: Flow chart A]
          
        
Figure 1.Flow chart AFlow chart A: Base of the WOX serializer.



    A1. We represent a NULL object as an EMPTY object in XML.

    A2. We use a Map to store object references. This avoids the duplication of objects in the XML representation, and 
      the unnecessary serialization processing of objects that were already serialized. This Map is also used to handle adequately 
      recursive object references, because the serializer puts an object in the Map as soon as it goes through it (it is the first 
      step in the serialization process). This means that if this object is nested inside another object, the serializer will not 
      serialize it again, because when it reaches this object, the serializer will find out that its reference is already in the Map, 
      which handles the problem of recursive references.

    A3. If the object is already in the Map, it is not necessary to serialize it again (a reference to the object will be 
      stored instead). The Map is populated as the serializer finds new objects. The idref XML attribute specifies the 
      object id in the Map that corresponds to the object found. It is important to notice that the
      id and idref attributes are not the same as those normally used in the XML sense; but they
      are used to identify uniquely objects that have already been serialized.

    A4. We say that an object is stringable if it is of any of the following classes: Byte, Short, 
      Integer, Long, Float, Double, Character, Boolean, 
      Class, String.

    A5. Other objects in their stringable versions can be seen below.

<object type="boolean" value="true" id="11" />
<object type="char" value="\u0009" id="15" />
<object type="int" value"785" id="21" />

    A6. The serializer will process the array. The process to serialize an array is illustrated in the Flow chart B shown in Figure 2.

    A7. At this point the serializer has found another type of object (not a stringable object, not an array). It is a 
      user-defined class or other type of object not covered in the previous cases. The serializer will write this object, 
      and go through each of its fields (attributes) to serialize them. The process to serialize each of the object fields 
      (attributes) is illustrated in Figure 3.


    The flow chart in Figure 2, “Flow chart B” shows the functionality of the WOX serializer to deal with 
      arrays. The flow chart has some notes indicated with numbers inside a dotted square (B1 to B3), which are explained below.


      [image: Flow chart B]
          
        
Figure 2.Flow chart BFlow chart B: Arrays.



    B1. The serializer checks the class of the object against an array that holds all the possible primitive uni-dimensional arrays.

    B2. It is not a uni-dimensional array. It could be a n-dimensional array, or an array of objects of user-defined classes.

    B3. The type of the primitive array found is any of the following: int, boolean, short, 
      long, char, float or double. Some examples of primitive arrays serialized to XML 
      by the WOX serializer are shown below.

<array type="int" length="6" id="10">45 67 78 32 34 79</array>
<array type="char" length="3" id="19">\u0065 \u0004 \u0067</array>


    The flow chart in Figure 3, “Flow chart C” shows the functionality of the WOX serializer to deal with fields of an object. The 
      flow chart has some notes indicated with numbers inside a dotted square (C1 to C3), which are explained below.


      [image: Flow chart C]
          
        
Figure 3.Flow chart CFlow chart C: Fields of an object.



    C1. The WOX serializer considers the following as primitive data types: byte, short, 
      int, long, float, double, char, boolean.

    C2. In this case stringable objects are treated as fields of a parent object. A stringable object is not labeled 
      as object when it is the field of another object (observe that it also lacks of the id attribute). This aims to have 
      a more compact encoding.

    C3. An example of the XML generated for a field of an object is shown below. The field is an object of type 
      ser.Person, which also has two more fields: name of type string, and 
      age of type int.

<field name="fieldName">
   <object type="ser.Person" id="9">
      <field name="name" type="string" value="Carlos" />
      <field name="age" type="int" value="30" />
   </object>
</field>


  



  
    WOX XML Representation

    In this section we will introduce the data type mapping 
      table used by WOX, and show the XML representation of different types of WOX objects: simple objects with primitive types, 
      uni-dimensional primitive arrays, multi-dimensional primitive arrays, object arrays, lists, maps, and user-defined 
      objects (which also have fields with different types of objects).


    
      Data Type Mapping Table

      Table 1 shows the data type mapping used in WOX with the Java and C# programming languages. The 
        first column shows the data types used in WOX, and the second and third columns represent the 
        corresponding data types in Java and C#, respectively.

      
      
          Table 1Data type mapping between WOX, Java and C#


            
              	WOX
              	Java
              	C#
            

          
          
            
              	byte
              	byte/Byte  
              	sbyte (SByte)
            

            
              	short
              	short/Short  
              	short (Int16)
            

            
              	int
              	int/Int  
              	int (Int32)
            

            
              	long
              	long/Long  
              	long (Int64)
            

            
              	float
              	float/Float  
              	float (Single)
            

            
              	double
              	double/Double  
              	double (Double)
            

            
              	char
              	char/Character  
              	char (Char)
            

            
              	boolean
              	boolean/Boolean  
              	bool (Bool)
            

            
              	string
              	String  
              	string (String)
            

            
              	object
              	Object  
              	object (Object)
            

            
              	array
              	Any Array  
              	Any Array
            

            
              	list
              	ArrayList  
              	ArrayList
            

            
              	map
              	HashMap  
              	Hashtable
            

            
              	class
              	Class  
              	Type
            

          
      




      The WOX serializer produces the same XML representation for any object, provided that their fields
        are only the Java and C# data types listed in Table 1, or any nested objects of user-defined classes which 
        have fields of those data types. This also includes the list and map data types from the collection APIs 
        of both programming languages.


    


    
      Simple object with primitive types

      In this subsection we illustrate the XML representation of WOX primitive types, which include: 
        byte, short, int, long, float, 
        double, char, and boolean. The complete list of the data types 
        supported by WOX is shown in Table 1.

      Figure 4, “Product class” shows the Product class, which has five fields of primitive types: name 
        of type string, price of type double, grams of type 
        int, reg of type boolean, and categ of type char.
 

      [image: Product class]
          
        
Figure 4.Product classProduct class with primitive fields.



      The XML representation in WOX of a Product object is shown below. The XML is simple and clean.     

<object type="Product" id="0">
   <field name="name" type="string" value="Corn" />
   <field name="price" type="double" value="3.98" />
   <field name="grams" type="int" value="500" />
   <field name="reg" type="boolean" value="true" />
   <field name="categ" type="char" value="\u0041" />
</object>

      The root of the XML document is an object element, with its type attribute 
        equals Product, which is the class of the object. The id attribute is used to handle 
        object references (in this case we only have one object - the product object). Every field in the 
        product object is represented by field elements, which have the following attributes: 
        name (the name of the field in the class), type (the WOX data type of the field), 
        and value (the value of the field for that particular object). Primitive types are represented in 
        WOX as field elements.
         
      Observe that the categ field is of type char. WOX data type char 
        is represented as a Unicode value.

    


    
      Uni-dimensional primitive arrays

      Uni-dimensional primitive arrays contain primitives as their elements. Primitives include the following 
        data types: byte, short, int, long, float, 
        double, char, and boolean. For a complete list of the data types supported 
        by WOX see the Data types mapping table.

      Primitive arrays are treated differently from other arrays, because they are serialized in a very efficient way. 
        We will show two examples of the XML representation for primitive arrays. The first one is a stand-alone array, 
        in which the array itself is the root object. In the second example, the primitive array is part of an object (it 
        is declared as a field in a class).

      The XML representation of a stand-alone primitive array is shown below. The XML is simple and efficient. The 
        root is an object element, with its type attribute equals array, which 
        indicates that the object represented in this case is an array. The elementType attribute provides the 
        data type of the primitive array, and the length attribute indicates the number of elements in the array. 
        The id attribute is used to handle object references (in this example we only have one object - the 
        array itself). The elements of the array are separated by spaces, and presented as only one string.

<object type="array" elementType="double" length="5" id="0">
   12.45 878.98 987.98 435.87 537.87
</object>

      The XML representation of an object that contains three uni-dimensional primitive arrays as fields is shown 
        below. The primitive arrays are declared as fields of the TestArray class, which is illustrated in 
        Figure 5, “TestArray class”.


      [image: TestArray class]
          
        
Figure 5.TestArray classTestArray class with three primitive array.



      In this case, the arrays are not root objects, but they are now fields of the root object. The codes 
        field is a primitive array of char elements, the values field is a primitive array of 
        int elements, and the answers field is a primitive array of boolean elements. 
        It should be noticed that arrays are also objects with their type attribute equals array.

<object type="TestArray" id="0">
   <field name="codes">
      <object type="array" elementType="char" length="5" id="1">
         \u0065 \u0074 \u0072 \u0067 \u0077
      </object>
   </field>
   <field name="values">
      <object type="array" elementType="int" length="5" id="2">
         23 56 78 33 69
      </object>
   </field>
   <field name="answers">
      <object type="array" elementType="bool" length="5" id="3">
         true false true false false
      </object>
   </field>
</object>

      The root is an object element, with the type attribute equals TestArray, 
        which is the class of the root object. The root element has three field elements as children, which correspond to 
        the three primitive arrays. Each array is a field of the root object, and they are treated as object 
        elements, with type, elementType, lenght, and id attributes. The 
        elements of each array are separated by spaces and written as one simple string.

    


    
      Multi-dimensional primitive arrays

      Multi-dimensional primitive arrays can also be serialized as stand-alone arrays, or as part of an object. Below 
        we show the XML representation of an object of the TestMultiArray class. The TestMultiArray
        class, which is illustrated in Figure 6, “TestMultiArray class”, has one bi-dimensional array of int elements as its field.

<object type="TestMultiArray" id="0">
   <field name="matrix">
      <object type="array" elementType="int[]" length="3" id="1">
         <object type="array" elementType="int" length="5" id="2">23 56 89 36 68</object>
         <object type="array" elementType="int" length="4" id="3">87 64 88 32</object>
         <object type="array" elementType="int" length="6" id="4">78 80 21 29 34 67</object>
      </object>
   </field>
</object>


      [image: TestMultiArray class]
          
        
Figure 6.TestMultiArray classTestMultiArray class with one multi-dimensional primitive array as field.



      We can observe that the root is an object element, with its type attribute equals 
        TestMultiArray, which is the class of the root object. The root element has only one child: a 
        field element, which is a bi-dimensional primitive array. Since this is a bi-dimensional array, it 
        is actually serialized as an array of arrays. It is an array of three elements of type int[], where 
        every element is an array of type int. The first array has five elements, the second array has four 
        elements, and the last array has six elements. The elements of each array are separated by spaces and presented 
        as one simple string.

      It should be noted that every object element has an id attribute, which is used to 
        handle object references. Arrays of more than two dimensions (multi-dimensional) are represented in XML following the 
        same idea shown in this subsection.


    



    
      Object arrays

      The main difference between primitive arrays and object arrays is that the elements in primitive arrays are 
        serialized to a simple string with spaces to separate each element; whereas in object arrays their elements are 
        treated as individual and separate objects.


      Object arrays can also be uni-dimensional or multi-dimensional, just like primitive arrays. We will only illustrate 
        the XML representation of a uni-dimensional object array. We will use the Product class shown previously 
        in Figure 4, “Product class”. The XML representation of an array with three Product objects is 
        shown below.

<object type="array" elementType="Product" length="3" id="0">
   <object type="Product" id="1">
      <field name="name" type="string" value="Beans" />
      <field name="price" type="double" value="1.75" />
      <field name="grams" type="int" value="250" />
      <field name="reg" type="boolean" value="true" />
      <field name="categ" type="char" value="\u0042" />
   </object>
   <object type="Product" id="2">
      <field name="name" type="string" value="Rice" />
      <field name="price" type="double" value="3.89" />
      <field name="grams" type="int" value="750" />
      <field name="reg" type="boolean" value="true" />
      <field name="categ" type="char" value="\u0052" />
   </object>
   <object type="Product" id="3">
      <field name="name" type="string" value="Bread" />
      <field name="price" type="double" value="1.06" />
      <field name="grams" type="int" value="300" />
      <field name="reg" type="boolean" value="false" />
      <field name="categ" type="char" value="\u0048" />
   </object>
</object>


      The root is an object element, which is the array of three Product objects. 
        The elementType attribute specifies the date type of the array, and the length attribute 
        indicates the number of elements in the array.

      Each product in the array has type and id attributes, and five field 
        elements (children) to represent the five fields in a Product object: name, price, 
        grams, reg, and categ. Every field element specifies the name, 
        type, and value attributes.


    



    
      Lists

      Lists are similar to arrays in WOX. A List in WOX is the equivalent to 
        java.util.ArrayList in Java, and System.Collections.ArrayList in C#, as can be seen in Table 1 
        previously shown. A List in WOX is represented in a simple form, and can be de-serialized either to Java or C#.


      The XML representation of a list of Course objects is shown below. The Course class, which is 
        illustrated in Figure 7, “Course class”, has three fields: code of type int, name of type 
        string, and term of type int.

<object type="list" elementType="Object" length="3" id="0">
   <object type="Course" id="1">
      <field name="code" type="int" value="6756" />
      <field name="name" type="string" value="XML" />
      <field name="term" type="int" value="3" />
   </object>
   <object type="Course" id="2">
      <field name="code" type="int" value="9865" />
      <field name="name" type="string" value="DB" />
      <field name="term" type="int" value="2" />
   </object>
   <object type="Course" id="3">
      <field name="code" type="int" value="1134" />
      <field name="name" type="string" value="Java" />
      <field name="term" type="int" value="2" />
   </object>
</object>


      [image: Course class]
          
        
Figure 7.Course classCourse class with three fields.



      The root is an object element, which represents the list of three Course objects. Each 
        course has its type, and id attributes, and its three field elements 
        (children): code, name, and term. Every field element specifies its 
        name, type, and value attributes.


    



    
      Maps

      A Map is an object that maps keys to values. A map cannot contain duplicate keys, and each key can map 
        to at most one value. A Map in WOX is the equivalent to java.util.HashMap in Java, and 
        System.Collections.Hashtable in C#, as can be seen in Table 1 previously shown. A Map in WOX 
        is represented in a simple form, and can be de-serialized either to Java or C#.


      The XML representation of a map of Course objects is shown below. The Course class, 
        which is illustrated in Figure 7, “Course class”, has three fields: code of type int, name of type 
        string, and term of type int.

<object type="map" id="0">
   <object type="entry">
      <object type="int" value="1134" id="1" />
      <object type="Course" id="2">
         <field name="code" type="int" value="1134" />
         <field name="name" type="string" value="Java"/>
         <field name="term" type="int" value="2" />
      </object>
   </object>
   <object type="entry">
      <object type="int" value="6756" id="3" />
      <object type="Course" id="4">
         <field name="code" type="int" value="6756" />
         <field name="name" type="string" value="XML" />
         <field name="term" type="int" value="3" />
      </object>
   </object>
   <object type="entry">
      <object type="int" value="9865" id="5" />
      <object type="Course" id="8">
         <field name="code" type="int" value="9865" />
         <field name="name" type="string" value="DB" />
         <field name="term" type="int" value="2" />
      </object>
   </object>
</object>


      The root is an object element, which is the map of four entry objects. Each 
        entry object has two children: the first object represents the key, and the second object is the value 
        associated with that key. The key is an object of type int, and the value is an 
        object of type Course. The XML representation of a Course object was previously explained.


    



    
      Object references

      In order to avoid duplicate objects in the XML representation of an object, the WOX serializer uses object references, 
        which are handled by using id and idref attributes. Figure 8, “Object references” shows an array of Product 
        objects with duplicates.
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Figure 8.Object referencesArray of Product objects with duplicates.



      The use of object references in the XML representation of this array of Product objects is illustrated 
        below. The Product class was introduced previously, which has five attributes: name 
        of type string, price of type double, grams of type int, 
        reg of type boolean, and categ of type char.

<object type="array" elementType="Product" length="6" id="0">
   <object type="Product" id="1">
      <field name="name" type="string" value="Beans" />
      <field name="price" type="double" value="1.75" />
      <field name="grams" type="int" value="250" />
      <field name="reg" type="bool" value="true" />
      <field name="categ" type="char" value="\u0042" />
   </object>
   <object type="Product" id="2">
      <field name="name" type="string" value="Rice" />
      <field name="price" type="double" value="3.89" />
      <field name="grams" type="int" value="750" />
      <field name="reg" type="bool" value="true" />
      <field name="categ" type="char" value="\u0052" />
   </object>
   <object idref="1" />
   <object type="Product" id="3">
      <field name="name" type="string" value="Bread" />
      <field name="price" type="double" value="1.06" />
      <field name="grams" type="int" value="300" />
      <field name="reg" type="bool" value="false" />
      <field name="categ" type="char" value="\u0048" />
   </object>
   <object idref="3" />
   <object idref="1" />
</object>


      The duplicated Product objects in the array are not duplicated in the XML representation that WOX 
        generates. They are referenced by using the idref attribute, which actually refers to the unique 
        id given to every object. It can be observed that the XML representation of the array has the three 
        object references for the duplicated objects (two for product p1 identified by id="1", 
        and one for product p3, identified by id="3".

    

  


  
    Conclusions and Further Work

    In this paper we have presented Web Objects in XML (WOX), an efficient and easy to use XML serializer for 
      interoperability between the C# and Java programming languages. The WOX serializer is a stand-alone library based on XML 
      which is able to serialize Java and C# objects to XML and back again. One of its main features is the generation of standard 
      XML, which is language independent. This means that if we serialize a Java object to XML, we could take the generated XML 
      to reconstruct the object back to C#; and viceversa. Our serialization approach does not need code annotations or any other 
      type of configuration from the user in order to serialize objects.


    We have made our WOX serializer publicly available as an open-source project, which can be downloaded from 
      http://woxserializer.sourceforge.net/. As a consequence of this work, 
      the MSDN Magazine (a Microsoft Magazine) published an article, in its October 2010 issue [Khan 2010], about interoperability between 
      Java and .NET, where they mention and recommend the use of our work for interoperability between applications. We consider this as a 
      valuable example that demonstrates that our work has had an impact on the MSDN community.


    In this paper we described the main features and uses of the WOX serializer, and we also dedicated a section to give its implementation
      details. We showed the XML representation for the most representative structures and objects in both Java and C#, along with 
      some examples. We believe that the XML object representation that WOX uses is efficient, clean, easy to understand, and can 
      represent objects in other object-oriented programming languages. Further work is needed to develop our XML serializer in other 
      object-oriented programming languages, and allow interoperability among them. We have already started our analysis to develop 
      a WOX serializer for the C++ object-oriented programming language.
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      Abstract
The present paper deals with the visualization of concurrent markup. An initial 
        discussion of the underlying model of XML instances demonstrates that valid XML exceeds  
        the expressive power of trees. While some challenging 
        features of concurrent markup, like overlaps, can be captured by minimally extended trees, 
        there are other phenomena which can be adequately expressed in XML using constructs 
        which instantiate advanced graph structures (e.g. discontinuous elements or repetitive structures).
      

      On the basis of two representation formats for concurrent markup, XStandoff and xLMNL,
    two distinct approaches towards its visualization are presented. The first method has been
    implemented in XSLT as an SVG-based 2D visualization strategy. Although it can be shown that this
    first approach provides an adequate (though not optimal) solution to overlapping
    structures, it is not capable of illustrating enhanced graph-based phenomena
    like the ones mentioned above. Therefore, some remarks about possible 3D visualizations are made
    which  show how the adding of another dimension could contribute to the appropriately expressive
    visualization of concurrent markup. In addition, a prototypic implementation based on XSLT and X3D is discussed as first
    step towards a three-dimensional illustration.
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    Introduction

    More than ten years after the birth of XML the limits of XML-based markup languages seem
      to become apparent: while on the one hand some people tend to see XML together with its accompanying 
      specifications as the new (too complex) SGML and try to trim it (see Cowan2010, Cowan2011, and the discussion on the xml-dev mailing list), on the other hand the underlying formal
      model of a tree cannot cope with multiple and possibly overlapping structures. Together with an
      increasing demand for multiple annotated corpora in the Digital Humanities questions for
      visualizations of concurrent annotations have been posed. In this paper we will sketch
      out two main points: firstly, we will show that the underlying data model of XML is not a tree at
      all and that it is possible to serialize graph-like structures including discontinuous
      elements with plain XML. We will then choose two XML-based representation formats as basis for
      our visualization efforts which will be discussed in 2D visualization of concurrent markup. The
      paper continues with some thoughts about 3D visualization techniques and the discussion of a prototypic implementation in Adding the third dimension and concludes with some remarks about possible future research.

  
  
    A formal model of XML instances

    The majority of people dealing with XML instances tend to believe that markup languages
      which were developed to annotate mainly textual content use the formal model of a tree. This
      thinking can be traced back to statements like the one expressed in 1987 by J. H. Coombs et al. who
      stated that [d]ocuments have a natural hierarchical structure: chapters have sections,
        sections have subsections, and so on, until one reaches sentences, words, and
        letters (Coombs1987, p. 945) and was encouraged by the OHCO theory
      that states that a text is an ordered hierarchy of content objects.[1] From the formal perspective a tree is a special kind of directed graph. We reconsider the definition of a
      directed graph stated in Hopcroft1979, p. 2: 

        A directed graph (or digraph), [...] denoted G = (V, E), consists of a finite set of
          vertices [(or nodes)] V and a set of ordered pairs of vertices E called arcs. We denote an
          arc from v to w by v→w.

        A path in a digraph is a sequence of vertices v1,
            v2,...,vk, k≥1, such that
            v1→vi+1 is an arc for each i,
          1≤i≤k. We say the path is from vi to
            vk. [...] If v→w is an arc we say v is a predecessor of w
          and w is a successor of v.

      
 An ordered, directed tree is a digraph that has a single root node (a node
      that has no predecessors and from which there is a path to every vertex).
      Each node other than the root node has exactly one predecessor and is connected to this single
      parent via one (and only one) edge. The successors of each node are ordered from left to right
        (Hopcroft1979, p. 3).

    Usually, one tends to agree on XML instances to use the formal model of a single-rooted
      tree: in the XML specification it is stated that [t]here is exactly one element, called
        the root, or document element, no part of which appears in the content of any other element.
        For all other elements, if the start-tag is in the content of another element, the end-tag
        is in the content of the same element. More simply stated, the elements, delimited by start-
        and end-tags, nest properly within each other. And indeed, if we stick with the
      nesting of elements (and attributes) we end up with a tree. A tree, however, has certain
      limitations: since crossing arcs are not allowed, it is not possible to use a tree model for
      the annotation of discontinuous segments (for example multi-word idioms discussed in Pianta2004 or the Alice in Wonderland example quoted in Sperberg-McQueen2008). Although it would be possible to use TEI's milestone
      elements or fragmentation (see TEI2011) one would still have to deal with
      separate element instances, that is the relation between the parts of the elements would be
      implicit.

    A related disadvantage of trees is that it is often not possible to annotate concurrent
    – and possibly overlapping – hierarchies.
   
A hierarchy is formed by a subset
        of the elements of the markup language used to encode the document. The elements within a
        hierarchy have a clear nested structure. When more than such a hierarchy is present in the
        markup language, the hierarchies are called concurrent.

(Dekhtyar2005, p. 186).

   Even if two concurrent hierarchies do not overlap it is
      impossible to merge them into a single tree if they do not share the same root, since trees
      are only allowed to have a single root node (see definition above). But the major problem
      related to concurrent markup is that multiple hierarchies may lead to multiple parentage of
      nodes: 

        Overlap can be represented by graphs that are very like trees, but in which nodes may
          have multiple parents. Overlap is multiple parentage.

      
(Sperberg-McQueen2004).

    Since one of the main driving forces behind the creation of multi-dimensionally annotated
   documents are linguistic corpora, the TEI Guidelines TEI2011 have not only
   improved the awareness of scholars of the Digital Humanities for the problems regarding this
   special field of research, but also provided some solutions to it. However, the different possible
   solutions (multiple documents, milestone elements, fragmentation and standoff markup) that are
   part of Chapter 20 of the aforementioned Guidelines are flawed with several disadvantages.
   Using multiple documents (cf. Section 20.1 of TEI2011) results in redundant
   storage of the primary data, that is the character stream which is to be annotated and – as
   an effect – makes further changes to both primary data and annotation files time-consuming,
   which in turn can result in inconsistencies between the various instances. In addition
    there is no explicit indication that the various views, which might be in separate files,
    are related to each other: it might prove difficult to combine the views or access information
    from one view while processing the file that contains the encoding of another (TEI2011, p. 621). The last point can be addressed by using the primary data as
   reference system, that is the positions in the character stream delimit the start and end points
   of corresponding markup, see Witt2002 (which is already referred to in the
   Guidelines) or Witt2004 and the standoff approaches discussed below. The
   related approach of twin documents shown in Marinelli2008 in addition to the primary data redundantly stores the so-called
    sacred markup, that is markup which is shared between different
   annotation layers (in contrast to profane markup that is related
   to a single layer). Although redundancy may lead to an improved sustainability (according to
    Rehm2010) we tend to follow the Guidelines in believing that the price in form
   of possible inconsistencies is too high.

    For these reasons several proposals for graph-based formal models and alternative representation
      formats have been discussed in the last decade. As already stated above, a graph is the
      superclass of trees and therefore allows both multiple parentage and multiple root nodes. 
      Again, first proposals for the XML representation of graphs can be found in the TEI Guidelines TEI2011 in Chapter 18 by introducing feature structures.[2]
     Feature structures are single-rooted labeled directed acyclic graphs, often displayed as attribute value matrices, 
      that can be used for representing various kinds of information. The TEI approach was standardized as international 
      standard iso24610-2006 
      and can be used as serialization format for multiple annotations as shown by Stegmann2009. 
      However, as discussed in this special paper, the resulting XML instances can be quite huge, rendering this 
      approach quite limited.

   
      Another alternative formal model for markup languages that has received much attention is the
      General Ordered-Descendant Directed Acyclic Graph (GODDAG) which was introduced in Sperberg-McQueen2004 (see Sperberg-McQueen2008a for a more
      recent discussion). To be more precise, there is a whole range of GODDAG sub-classes, such as
      the restricted GODDAG (r-GODDAG), the generalized GODDAG, the clean GODDAG, the normalized
      GODDAG and the colored GODDAG (the latter two have been introduced in Huitfeldt2006). Figure 1, “GODDAG representation of discontinuous segments” (taken from Sperberg-McQueen2008) shows a GODDAG representing the aforementioned
        Alice in Wonderland example.

    [image: GODDAG representation of discontinuous segments]
        
      
Figure 1.GODDAG representation of discontinuous segments
    GODDAGs (and especially clean r-GODDAGs) can be serialized as TexMECS instances (see Marcoux2008 for a detailed discussion about the relationships between GODDAG
      sub-class and TexMECS serialization). The respective GODDAG serialization of the above-named example 
      is shown below:

    <p|Alice
was beginning to get very tired ...
it had no pictures or conversations in it,
<q|and what is the use of a book,|-q>
thought Alice
<+q|without pictures or conversation?|q>
|p>

    Apart from TexMECS there are other serialization options for representing GODDAGs.
      Especially the work done by DiIorio2009 is of interest, since they have
      shown that a data structure based on RDF, called EARMARK (Extreme Annotational RDF Markup), not
      only fully supports the expressiveness of GODDAGs but additionally introduces a new sub-type,
      called e-GODDAG (extended GODDAG) that adds anonymous non-terminal nodes (for establishing
      multiple arcs between two nodes and therefore allowing repetitive structures).

    A second alternative data model for markup languages is the Annotation Graph introduced by
        Bird1999 which was especially designed for linguistic annotations. An AG
      formally is a labeled directed acyclic graph (labeled DAG) which uses an
        order-preserving map assigning times to (some of) the nodes (Bird1999, p. 2). This formal model is used for example in the annotation tool
      EXMARaLDA discussed in Schmidt2001. An extended version can be found in the
      NITE Object Model (cf. Carletta2003, Carletta2005) which
      combines hierarchies between nodes (similar to ordered directed trees) and the timing
      information. Both formal models use plain XML as serialization format. We will discuss this
      finding in a few paragraphs.

    The third alternative formal model is based on the Core Range Algebra, introduced in Nicol2002 and extended in Nicol2002a. It uses flat ranges over
      the primary data and allows for overlapping ranges. A related serialization format is the
      Layered Markup and Annotation Language (LMNL, Tennison2002, Piez2004, Cowan2006). LMNL uses the primary data as base
      consisting of zero or more atoms (representing a Unicode char or something completely
      different). Ranges over the base contain the atoms between a matching start tag and end tag
      and may overlap. Even self-overlap (that is overlapping of elements, or ranges that bear the
      same generic identifier, see Marinelli2008 for an example) is supported, as
      well as anonymous ranges (similar to the aforementioned e-GODDAGs). Annotations can be located
      at both the start and end tag and since LMNL completely abandons hierarchy there is no need
      for a 'root range' (although the containment relation can be used via the use of base layers,
      see Cowan2006). Despite its naming as 'markup language' LMNL was developed as
      a formal model, therefore several serialization formats exist. Apart from LMNL's own Sawtooth
      syntax there is Canonical LMNL in XML (CLIX, formerly known as HORSE, Hierarchy-Obfuscating
      Really Spiffy Encoding, DeRose2004, Bauman2005), ECLIX
      (extended CLIX) and xLMNL. While CLIX and ECLIX use TEI milestone elements, xLMNL is a flat
      representation, similar to a standoff approach (examples of all these formats can be found at
        http://www.piez.org/wendell/papers/dh2010/clix-sonnets/). Figure 2, “Possible graphical representation of LMNL ranges” shows a 
      possible graphical representation of ranges and annotations in LMNL (here syllables and morphemes). 
      Note, that due to the two-dimensional 
      approach the hierarchy that is implied by the vertical arrangement of the bars is not compulsory in LMNL.

    [image: Possible graphical representation of LMNL ranges]
        
      
Figure 2.Possible graphical representation of LMNL ranges
    Other approaches that shall be mentioned here for the sake of completeness are multi-colored
      XML (cf. Jagadish2004), the use of delay nodes (LeMaitre2006), the tabling approach described by Durusau2004 and XCONCUR by Schonefeld2007. While some of the aforementioned data models make use of a
      serialization format of their own, others succeed in using plain XML. This indicates that the
      formal model of XML instances has a greater expressive power than a directed ordered tree. And
      indeed, if we leave the field of Digital Humanities, there is a number of authors that tend to
      agree that the formal model of XML instances is that of a graph: Abiteboul2000, Polyzotis2002, Gou2007 or Moeller2007. The discrepancy in the findings can be explained by the sole observation of hierarchical
      relations of elements or by alternatively taking the XML-inherent integrity constraints
      into consideration, that is ID/IDREF/IDREFS token type attributes (in DTD) or
      xs:ID/xs:IDREF/xs:IDREFS and xs:key/xs:keyref (in XSD) respectively. In this context a line can be drawn between well-formed XML instances (in that case we still have to deal with a tree) and valid
      XML instances according to a document grammar that makes use of the aforementioned integrity
      constraints. Using a native XML approach has the advantage of being able to make use not only of a
      large range of software products but also of related specifications such as XPath, XSLT, 
      and XQuery. Especially the upcoming XSLT 3.0 is quite interesting since it supports streamable
      transformations allowing for the manipulation of fairly big XML instances (cf. Kay2010). In addition, XML-based visualization formats such as the 2D SVG and
      newer approaches such as the 3D X3D are promising formats for the visualization of concurrent
      annotations (see 2D visualization of concurrent markup and Adding the third dimension). We have already found proofs
      that the full power of valid XML instances can be used to serialize Annotation Graphs or LMNL
      ranges. Figure 3, “Minimal valid XML instance with cyclic paths” demonstrates that valid XML can even make use
      of cyclic paths (or arcs) and therefore definitely exceeds the formal power of trees.

    
<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE a
[ <!ELEMENT a EMPTY>
  <!ATTLIST a id ID #IMPLIED idref IDREF #IMPLIED> ]>
<a id="a" idref="a"/>

    
Figure 3.Minimal valid XML instance with cyclic paths
    Together with the standoff approach mentioned both in the TEI Guidelines and Thompson1997, this expressive power can be used to capture multiple annotated data. In Stührenberg2008 and Stührenberg2009 the authors
      discuss the XStandoff meta annotation format which is capable of representing discontinuous elements, multiple parentage and virtual elements (amongst others). Since it is XML-based
      we have chosen it as one of the two formats (besides xLMNL) to discuss visualization
      aspects.

  
  
    XStandoff as a starting point for visualization

    XStandoff is a representation format for multiple hierarchies which evolved from works of
      the research project Secondary structuring of information and comparative discourse
        analysis (Sekimo)[3]. The format is a successor of the Sekimo Generic Format (SGF, cf. Stührenberg2008) and was presented in detail at the Balisage 2009 (cf. Stührenberg2009, for current developments see the XStandoff website). XStandoff can be seen as the combination of the standoff approach
      and the formal model of GODDAGs, capable of using native XML to represent multiple hierarchies and the
      specifically challenging structures such as overlaps, discontinuous elements, or virtual elements. 

    Since XStandoff makes use of the XML-inherent ID/IDREF mechanism the underlying model can
      be seen as a graph and therefore the format is able to represent any graph-based structure.
      Because of this it can become quite complicated to construct XStandoff instances manually. For
      this reason the XStandoff toolkit was implemented[4], providing XSLT 2.0 stylesheets for the
      creation of XStandoff instances on the basis of standard inline XML annotations and their corresponding
      primary data (inline2XSF.xsl), the merging of XSF instances
        (mergeXSF.xsl), the extraction or deletion of levels or layers[5] from XStandoff instances (extractXSFcontent.xsl)
      and the transformation of standard XStandoff instances to inline XStandoff representations
        (XSF2inline.xsl), the latter mainly for demonstration
      purposes. 
      The workflow for creating an XStandoff instance can be demonstrated by the following
      example. The basis for the construction is given by two separate annotations (Figure 5, “The annotations (verse structure & direct discourse)”) for a single primary data text (Figure 4, “Textual primary data”): 

    Asked a girl what she wanted to be
She said baby, can't you see
I wanna be famous, a star on the screen
But you can do something in between
Baby you can drive my car
Yes I'm gonna be a star
Baby you can drive my car
And baby I love you

    
Figure 4.Textual primary data
    <?xml version="1.0" encoding="UTF-8"?>
<text xmlns="http://www.tei-c.org/ns/1.0">
    <body>
        <lg type="verse">
            <l>Asked a girl what she wanted to be</l>
            <l>She said baby, can't you see</l>
            <l>I wanna be famous, a star on the screen</l>
            <l>But you can do something in between</l>
        </lg>
        <lg type="chorus">
            <l>Baby you can drive my car</l>
            <l>Yes I'm gonna be a star</l>
            <l>Baby you can drive my car</l>
            <l>And baby I love you</l>
        </lg>
    </body>
</text>

      <?xml version="1.0" encoding="UTF-8"?>
<text xmlns="http://www.tei-c.org/ns/1.0">
    <body>
        <p>Asked a girl what she wanted to be
            She said <q>baby, can't you see
            I wanna be famous, a star on the screen
            But you can do something in between</q></p>
        <p><q>Baby you can drive my car
            Yes I'm gonna be a star
            Baby you can drive my car
            And baby I love you</q></p>
    </body>
</text>

    
Figure 5.The annotations (verse structure & direct discourse)
    The stylesheet inline2XSF.xsl can be used to build
      XStandoff instances for each of the input annotations, by using the Saxon XSLT Processor[6]:

   saxon -o:[output.xml] -s:[input.xml] -xsl:inline2XSF.xsl
   primary-data=[primary-data-file.txt]

   Afterwards the two instances can be merged
      with the help of the stylesheet mergeXSF.xsl:

    saxon -o:[combined-output.xml] -s:[input-xsf-1.xml] merge-with=[input-xsf-2.xml])

   This process results in the integration of the separate annotations into a single XStandoff instance: 

    <?xml version="1.0" encoding="UTF-8"?>
<xsf:corpusData xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
    xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1"
    xsfVersion="1.1"
    xml:id="drive_my_car_lines-drive_my_car_quotes"
    xsi:schemaLocation="http://www.xstandoff.net/2009/xstandoff/1.1 http://www.xstandoff.net/2009/xstandoff/1.1/xsf.xsd">
    <xsf:primaryData start="0" end="235">
        <xsf:primaryDataRef uri="../pd/drive_my_car.txt"/>
    </xsf:primaryData>
    <xsf:segmentation>
        <xsf:segment xml:id="seg1" start="0" end="235"/>
        <xsf:segment xml:id="seg2" start="0" end="140"/>
        <xsf:segment xml:id="seg3" start="0" end="34"/>
        <xsf:segment xml:id="seg4" start="35" end="63"/>
        <xsf:segment xml:id="seg5" start="44" end="139"/>
        <xsf:segment xml:id="seg6" start="64" end="103"/>
        <xsf:segment xml:id="seg7" start="104" end="139"/>
        <xsf:segment xml:id="seg8" start="140" end="235"/>
        <xsf:segment xml:id="seg9" start="140" end="165"/>
        <xsf:segment xml:id="seg10" start="166" end="189"/>
        <xsf:segment xml:id="seg11" start="190" end="215"/>
        <xsf:segment xml:id="seg12" start="216" end="235"/>
    </xsf:segmentation>
    <xsf:annotation>
        <xsf:level xml:id="drive_my_car_lines-level1">
            <xsf:layer xmlns="http://www.tei-c.org/ns/1.0" priority="0">
                <text xsf:segment="seg1">
                    <body xsf:segment="seg1">
                        <lg xsf:segment="seg2" type="verse">
                            <l xsf:segment="seg3"/>
                            <l xsf:segment="seg4"/>
                            <l xsf:segment="seg6"/>
                            <l xsf:segment="seg7"/>
                        </lg>
                        <lg xsf:segment="seg8" type="chorus">
                            <l xsf:segment="seg9"/>
                            <l xsf:segment="seg10"/>
                            <l xsf:segment="seg11"/>
                            <l xsf:segment="seg12"/>
                        </lg>
                    </body>
                </text>
            </xsf:layer>
        </xsf:level>
        <xsf:level xml:id="drive_my_car_quotes-level1">
            <xsf:layer xmlns="http://www.tei-c.org/ns/1.0" priority="0">
                <text xsf:segment="seg1">
                    <body xsf:segment="seg1">
                        <p xsf:segment="seg2">
                            <q xsf:segment="seg5"/>
                        </p>
                        <p xsf:segment="seg8">
                            <q xsf:segment="seg8"/>
                        </p>
                    </body>
                </text>
            </xsf:layer>
        </xsf:level>
    </xsf:annotation>
</xsf:corpusData>

    
Figure 6.XStandoff instance
    There are several parameters which can be specified by the user to influence the
      actual serialization of the XStandoff annotation (for a detailed overview see the 
      online stylesheet documentation). 
      Apart from this, it should be obvious how the format deals with
      challenging structures like overlaps or discontinuous elements, namely by instantiating an
      underlying graph model through the use of string range references to parts of the primary data
      (xsf:segment elements). At the same time the hierarchical structures of the input annotations are kept nearly
      unchanged (except for the addition of the xsf:segment attribute which refers to the respective 
      xsf:segment element) by storing them separately under <xsf:level> and
        <xsf:layer> elements. Note that there is no mandatory relationship
      between the string ranges (containment) and the dominance relations implied by the hierarchical structure 
      (cf. the Alice in Wonderland example in Stührenberg2009). 

    In Rendering SVG from XStandoff and Adding the third dimension we will present approaches
      to the visualization of XStandoff instances like the one shown in Figure 6, “XStandoff instance”. However, as discussed above, we would like to have a second
      XML-based option as starting point for a visualization of concurrent markup. Therefore we explored the possibility of
      converting other formats into XStandoff and vice versa. This would allow for the graphic rendering of distinct formats by the visualization 
      approaches we will introduce in 2D visualization of concurrent markup and Adding the third dimension. As a possible candidate 
      for conversion we have chosen xLMNL which we will briefly 
      present in the following section.

  
  
    xLMNL as a starting point for visualization

    Since xLMNL, an XML-based serialization format for LMNL, which was introduced by Piez2010 as
      an ad-hoc solution for representing LMNL in XML, makes a similar use of string
      ranges like XStandoff, it was chosen as a starting point for a conversion project between
      XStandoff and other XML-based formats.
      The corresponding simplified xLMNL
      serialization for the annotations shown in Figure 5, “The annotations (verse structure & direct discourse)” can be
      seen in Figure 7, “xLMNL representation” which demonstrates the use of  character positions (in start and 
      end attributes) referring to the normalized textual content of x:content.

    <x:lmnl-document>
    <x:content>Asked a girl what she wanted to be
        She said baby, can't you see
        I wanna be famous, a star on the screen
        But you can do something in between
        Baby you can drive my car
        Yes I'm gonna be a star
        Baby you can drive my car
        And baby I love you</x:content>
    <x:range name="text" ID="text-1" start="0" end="235"/>
    <x:range name="text" ID="text-2" start="0" end="235"/>
    <x:range name="body" ID="body-1" start="0" end="235"/>
    <x:range name="body" ID="body-2" start="0" end="235"/>
    <x:range name="lg" ID="lg-1" start="0" end="140">
        <x:annotation name="type" role="start-annotation">
            <x:content>verse</x:content>
        </x:annotation>
    </x:range>
    <x:range name="p" ID="p-1" start="0" end="140"/>
    <x:range name="l" ID="l-1" start="0" end="34"/>
    <x:range name="l" ID="l-2" start="35" end="63"/>
    <x:range name="q" ID="q-1" start="44" end="139"/>
    <x:range name="l" ID="l-3" start="64" end="103"/>
    <x:range name="l" ID="l-4" start="104" end="139"/>
    <x:range name="lg" ID="lg-2" start="140" end="235">
        <x:annotation name="type" role="start-annotation">
            <x:content>chorus</x:content>
        </x:annotation>
    </x:range>
    <x:range name="p" ID="p-2" start="140" end="235"/>
    <x:range name="q" ID="q-2" start="140" end="235"/>
    <x:range name="l" ID="l-5" start="140" end="165"/>
    <x:range name="l" ID="l-6" start="166" end="189"/>
    <x:range name="l" ID="l-7" start="190" end="215"/>
    <x:range name="l" ID="l-8" start="216" end="235"/> 
</x:lmnl-document>

    
Figure 7.xLMNL representation
    This illustrates the main difference of XStandoff and xLMNL in that the latter does not
      consider a hierarchical structure and imposes a completely flat structure of annotations.
      Admittedly, in contrast to dominance relations, containment relations can well be derived by
      taking into account the string ranges. Nevertheless, the distinct approaches of xLMNL and
      XStandoff towards the representation of potentially concurrent annotations constitute a
      serious challenge for the conversion enterprise because annotation hierarchies are not present
      in xLMNL. There are two possible ways to deal with this issue. Since XStandoff in principle
      allows for the capturing of arbitrary graph-like structures, the xLMNL representation could be
      integrated without making any assumptions about hierarchies. Another
      strategy, which would make more sense if one wanted to visualize the annotations by the methods
      introduced later on, would be the analysis of the individual relations between annotations on the
      basis of their string ranges and to try to construct hierarchies of annotations by considering
      the containment relations. Conflicting annotations could be separated from each other to avoid
      representation problems. This strategy admittedly inserts information which is not directly present,
      however it would not be a problem to remove the additional information again in
      a later step.

    Perspectively there will be an examination of creating or integrating XStandoff into a
      syntactic conversion framework for existing representation formats like the one described in
        Marinelli2008. Although it would be possible to realize individual
      format-to-format conversions, it seems much more straightforward to have a framework
      which is based on a common model. For this purpose the above-mentioned meta markup language
      EARMARK, which can be used to represent GODDAGs, appears to be a quite promising candidate for a
      pivot format. 

  
  
    2D visualization of concurrent markup

    
      Basic principles of the visualization of concurrent markup

      For the visualization of concurrent markup there are two main issues to be regarded 
        and to be solved: 

          	
            the illustration of the relationship of primary data and annotations

          

          	
            the visualization of potentially overlapping annotations (including other 
              tree-challenging phenomena like discontinuous elements)

          

        

      In the case of XStandoff the visualization of multiple hierarchies at first glance can be based on a
        relatively simple principle, namely the delineation of separate tree structures. This of course only makes sense when the focus is on dominance
        relationships. As stated above, it is possible to represent graph structures, too. This will
        be addressed in more detail in Adding the third dimension. But before, we want to take a look
        at a general visualization principle for multiple tree structures. A very
        basic visualization method is given in Witt2005 where two annotation layers corresponding
        to common textual primary data are represented by vertically ordered colored bars: 

      [image: Visualization of annotation layers (: 76)]
          
        
Figure 8.Visualization of annotation layers ([Witt2005] Witt, A., Goecke, D., Sasaki, F., and Lüngen, H. Unification of XML Documents with Concurrent Markup. Literary and Linguistic Computing, 20(1):103–11: 76)
      Here the horizontally ordered segments of each level represent the individual
        annotations and their length is used to demonstrate the correspondence to the dominated
        annotations (edges are inferable by the width of the bars) and the spanned textual content.
        This strategy, as indicated above, is based on tree structure visualization. Admittedly it
        could be used to represent minimal extensions to trees, for example multiple parents, which would
        allow for the capturing of overlapping structures; remember that overlap is multiple
          parentage (Sperberg-McQueen2004). However, there seems to 
        be no way to represent more advanced graph structures. In addition there are some
        stylistic disadvantages: first of all, the overall width of the graphic and the visual
        accessibility mainly depend on the length of the primary data. Secondly, in this basic
        strategy line breaks from the primary data would have to be replaced in order to facilitate
        the visualization of continuously ordered annotation segments. 

      The named stylistic shortcomings could be dealt with by changing the direction of the
        illustration and ordering the annotation levels horizontally. This concept can be
        demonstrated on the basis of the annotations introduced in Figure 5, “The annotations (verse structure & direct discourse)”. Since there
        is a classic overlap of the second l element
          (/text/body/lg[1]/l[2]) of the verse annotation and the first q
        element (/text/body/p[1]/q) of the direct discourse annotation which holds for
        the string baby, can't you see, the annotation levels cannot simply be
        integrated into a common tree structure. Following the representation in Witt (2005) the
        present annotations could be visualized like in Figure 9, “Graphic representation of annotations from” 
        (in order to emphasize the present tree
        structures there is an additional representation of nodes and edges): 

      [image: Graphic representation of annotations from]
          
        [image: Graphic representation of annotations from]
          
        
Figure 9.Graphic representation of annotations from Figure 5, “The annotations (verse structure & direct discourse)”
      To avoid the above-mentioned stylistic disadvantages of the horizontal ordering of
        annotation segments (vertical ordering of annotation levels), the representation could be rotated in a 90° angle to the right and
        mirrored horizontally: 

      [image: Graphic representation of annotations from (different perspective)]
          
          
            [image: Graphic representation of annotations from (different perspective)]
          
        
Figure 10.Graphic representation of annotations from Figure 5, “The annotations (verse structure & direct discourse)” (different
            perspective)
      From this state, it is only a few steps towards an adequate readability of the text and the
        consideration of line breaks from the primary data. This can be shown
        by a visualization method implemented by Piez2010. On the basis of LMNL
       markup he realized the visualization of concurrent annotations by both an  
       'arcs'-visualization and an interactive SVG 'map' (shown in Figure 11, “Visualization of xLMNL instance by” below).

      [image: Visualization of xLMNL instance by]
          
        
Figure 11.Visualization of xLMNL instance by [Piez2010] Piez, W. Towards Hermeneutic Markup: An architectural outline. In: Digital Humanities 2010 Conference Abstract, London, 2010.
      The present annotation layers and element types are displayed in the left top corner of
        the graphic and their appearance can be switched on and off by mouse click. The actual
        instances of the underlying annotation are represented by two distinct illustrations: as
        bars on the left hand side and circles on the right hand side. The primary data
        text is located in between. The correspondence of segments of the primary data and annotations is
        demonstrated by interactive mouse-over effects (see the SVG provided online at Piez' website). 

      Overlaps of annotations from the individual layers can be identified in the graphic by having a look at
        non-matching borders of the bars or cutting lines of the circles. While Piez2010 explicitly states that the described visualization method primarily
        takes the function of a basic demonstration, there are certain technical and theoretical
        difficulties which should be named: 

          	
            The annotation layers of Piez'
                examples only contain elements which span over text segments large enough to
              avoid problems with the visualization of the corresponding bars. If there were
              annotations for single words or even smaller parts of the text, the bars and circles would
              become too small for a reasonable visualization (see Figure 13, “Influence of parameter max-line-length on readability of SVG visualization”).

          

          	
            The use of circles for representing annotations is only feasible as long as there
              are no very large annotated segments because the diameter could grow too big. 

          

          	
            Since all of the present annotation layers span the complete textual content
              without any gaps, there might be the impression that the method is arranged very
              clearly. In fact, other configurations of annotations which leave out certain parts of
              the text could lead to a less clear picture. 

          

        

        These restrictions, however, do not decrease the overall
        usefulness of the approach to visualize overlapping structures.
      

    
    
      Rendering SVG from XStandoff

      The creation of two-dimensional SVG-based visualizations for XStandoff instances is to a great extent
        inspired by the approach of Piez2010 discussed in the previous section. Accordingly, the visualization
        includes a section displaying the textual primary data and a section with representations of
        annotations which in return correspond to spanned segments of the primary data. The possible
        visualization of annotations by circles was not implemented since it can be assumed that
        this method leads to problems for large annotation segments, as already stated. Piez' 
        method was extended by some additional features for user
        interactivity like the horizontal switching of annotation levels and the optional display
        of classic overlaps. The general appearance of an XStandoff instance visualized in SVG can 
        be seen in Figure 12, “Visualization of XStandoff instance”. This representation is based on the XStandoff instance given 
        in Figure 6, “XStandoff instance” (an online
          version of the example is available for testing the interactive features)[7]. 

      [image: Visualization of XStandoff instance]
          
        
Figure 12.Visualization of XStandoff instance
      There are two options for the user to influence the configuration of the responsible XSLT stylesheet 
        XSF2SVG.xsl[8] and the 
        resulting visualization: the stylesheet parameters font-size and
          max-line-length. Since most SVG viewers enable the user to zoom in and out of
        the graphic anyway, the parameter font-size simply determines the initial
        appearance of the resulting graphic. More attention should be drawn to the parameter
          max-line-length which determines the maximal length of a single line of
        primary data. This has to be considered since lines of a certain length in
        combination with relatively small annotation segments can lead to visualization difficulties. Due to the correspondence between the height of a displayed annotation
        segment and the individual characters of a line of the primary data, annotations spanning
        over only a few characters might not be visualized accurately. That is the reason why the
        value of the parameter max-line-length is determined
        automatically by default in order to provide an optimal illustration of the annotation segments.
        Although generally it is up to the user to vary the maximal line length, the
        circumstance that a high value could lead to inaccurate visualizations has to be kept in
        mind. Figure 13, “Influence of parameter max-line-length on readability of SVG visualization” demonstrates the possible difficulties by comparing a
        visualization based on a maximal line length of 15 characters (automatically computed as maximum) with one
        which is based on 40 characters per line: 

      [image: Influence of parameter max-line-length on readability of SVG visualization]
          
        
Figure 13.Influence of parameter max-line-length on readability of SVG
            visualization
      Even in the case of a short line length of 15 characters (on the left hand side of Figure 13, “Influence of parameter max-line-length on readability of SVG visualization”) it is difficult to 
        spot the segment for the tagged comma. Certainly, there are possible solutions to this problem. For instance, an advanced
        zooming method for the individual annotations and the corresponding textual content from the
        primary data could be implemented. Furthermore, it would be possible to realize some kind of
        page-wise navigation through the primary data, which would reduce the amount of
        simultaneously displayed text. Nevertheless, the main problems for the present SVG
        visualization are manifested by its conceptual foundation. The focus on tree structures
        (with minimal possible extensions) prohibits the coverage of other phenomena than overlaps
        and discontinuous elements, e.g. repetitive structures. This circumstance could be addressed
        by an increased focus on the annotations, which will be demonstrated in the following section. 

    
  
  
    Adding the third dimension

    A different perspective on the visualization of concurrent annotations can be taken by the consideration of possible 3D graphic rendering. The
      recent developments in native browser support for 3D graphics, especially the specification of
      HTML5 (HTML5) and its element <canvas> allowing for
      programmatic rendering of APIs like WebGL (cf. WebGL2011), promises to
      provide a fruitful development and application framework for advanced graphical representation
      of concurrent markup. By the time of writing this article, WebGL is supported by the
      currently available builds of the browsers Firefox 5 and Chrome 12[9]. 

    With X3DOM[10] and the serialization format X3D (ISO-X3D) there
      is an appropriate solution for defining 3D graphics in XML. Accordingly, it is possible to
      implement transformation scenarios for XML-based representation formats for concurrent markup 
      similar to the one shown for XStandoff and SVG for 3D visualizations without
      leaving the XML context. Certainly, a native browser support of XSLT 2.0 would make the
      framework even more straightforward, which naturally holds for the SVG approach, too. As an alternative 
      Kay2011 has shown some pretty advantages in implementing a JavaScript version of 
      Saxon, called Saxon Client Edition or Saxon-CE, bringing XSLT 2.0 to the browser.

   
    Considerations

   
    Since 3D visualizations accompanied by interactive user navigation open up different
      perspectives than the SVG approach presented in the previous section, the basic underlying principle could focus
      on different aspects. While in the mentioned two-dimensional representation the primary data
      is in focus and minimally extended tree structures for concurrent markup can be
      represented, a three-dimensional approach could envisage the comprehensible
      visualization of annotations with an underlying graph-based model by constructing horizontally
      (along the z-axis of a 3D space) ordered trees, extended tree structures (e.g., allowing
      multiple parentage), or even full-blown graphs (including repetitive structures and cyclic paths). 

    In order to construct comparable layers of annotations, the structures could be
      normalized with respect to the corresponding primary data. In this context two methods could
      be considered: horizontal normalization and vertical
      normalization. The horizontal normalization of the displayed structures
      refers to the horizontal position of the nodes representing annotations and could be based on
      the primary data virtually transformed into a single line. Along this line of characters the
      nodes could be located by positioning them at the center of their spanned character string
      (x-axis of Figure 14, “Normalized positioning of nodes in 3D space”).

    The vertical normalization could make use of a very similar strategy. By dividing the
      amount of spanned characters of an annotation by the total amount of characters in the
      primary data, the vertical position of nodes could be determined. Admittedly, this strategy
      could lead to confusion since it is probable that nodes of one level do not have the
      same vertical position, while nodes from different levels have the same position. Having in 
      mind that the described normalization method arranges nodes with respect to the concept of containment, 
      it would be possible to allow for different realizations of layer visualizations, that is, a containment 
      perspective and a dominance perspective.

    [image: Normalized positioning of nodes in 3D space]
        
      
Figure 14.Normalized positioning of nodes in 3D space    
    The graphic incorporates the normalized structures of the two annotation layers of the 
      above-mentioned XStandoff instance 
      (Figure 6, “XStandoff instance”). The normalized node positions reflect 
      the concept of containment. 
      In addition to the respective XStandoff instance, the first structure can also be seen as 
      a visualization of the containment relations from the xLMNL instance (Figure 11, “Visualization of xLMNL instance by”) 
      if a virtual node is imposed which spans the complete primary data.
      Note, that the hierarchy between the nodes in the structure for an xLMNL instance is only 
      implicitly present as already shown in 
      Figure 2, “Possible graphical representation of LMNL ranges” – in contrast to hierarchies in XStandoff instances. Thus, in general, 
      for the visualization of concurrent markup two distinct 
      visualization methods (containment vs. dominance) should be considered.

    XStandoff supports the differentiation of containment and dominance relations (see Stührenberg2009), 
      using the start and end positions of the referenced segments for computing whether a string range virtually delimited 
      by an annotation is contained inside a second one and using the hierarchical relations between two nodes on the same 
      annotation layer to express a dominance between these nodes. Therefore, it would be reasonable to consider 
      these two possible normalization methods, allowing for the generation of both visualization methods.

    As a benefit from using a 3D approach it would still be possible to use tree-like visualizations as a starting point since both 
      the handling of overlapping annotations and the arrangement of different annotation layers can 
      be managed by using the z-axis.

    The actual realization of a 3D rendering of concurrent markup could vary in its complexity and in the 
      amount of the realized features. Figure 15, “Basic visualization of referenced primary data” (corresponding to the XStandoff instance in
     Figure 6, “XStandoff instance”) demonstrates the dominance perspective mentioned above (in opposition to the
      containment persective), in which there is a 1:1 relationship between nodes and
      annotation elements. It is based on a hierarchical organization of the annotations. 

    [image: Basic visualization of referenced primary data]
        
      
Figure 15.Basic visualization of referenced primary data
    Besides these minimalistic illustrations, more complex and sophisticated graphics could be
      realized. For example, it would be possible to represent hierarchies which are based on graphs
      and include phenomena like discontinuous elements or repetitive structures. These would be 
      visualized on the basis of present containment relations, that is, nodes are normalized with regard to their 
      referenced textual content and edges reflect containment relations.

    Regarding the visualization of the relationship between primary data and annotations there are several 
      imaginable solutions. Firstly, it would be possible to simply display the spanned textual content of a node in tooltips 
      as indicated in Figure 15, “Basic visualization of referenced primary data”. Alternatively, it would
      be conceivable to take a 3D space like in Figure 14, “Normalized positioning of nodes in 3D space” as a basis
      and project the textual primary data onto the back wall. By mouse-over effects the user could
      focus the spanned textual content, for example by evoking light and shadow effects which
      highlight the corresponding primary data section(s). At the same time information about the annotation could 
      be shown in a tooltip.

     [image: Advanced primary data visualization]
        
      
Figure 16.Advanced primary data visualization
     In the visualization from Figure 16, “Advanced primary data visualization”, which shows horizontally and vertically normalized trees, 
      the appearance and position of nodes depend on the presence of distinct string
      ranges for which there are annotations, that is, a single node might represent more than one
      annotation element. This should be kept in mind.

    Apart from the actual design there are some core features which should be realized in the
      envisaged approach: 

    
      	
        free user navigation through the graphic, including zooming in and out;

      

      	
        draggable structures for layers (e.g. draggable as a whole along the z-axis);

      

      	
        mouse-over effects: for example information on spanned primary data (textual content &
          positions), information on annotation, XPath;

      

      	
        highlighting of specific structures (distinct element relations, overlaps,
          discontinuous elements, virtual/repetitive structures);

      

      	
        the choice between displaying annotated or plain textual content for a node;

      

      	
        illustration of left and right context of focused annotation elements and
          corresponding textual content (+ specification of the range of considered context).

      

    

    Besides these rather stylistic considerations, which focus on the informational level of
      the visualization, the conceptual advantages of a 3D approach to concurrent markup should
      have become clear. Since it is not automatically restricted to strictly hierarchical
      structures, it would be possible to display graph-based constructs like repetitive/reentrant
      structures. Furthermore, relations between individual hierarchies of graph structures 
      could be illustrated and there could be a distinction of representations of dominance and/or
      containment relations being reflected by the actual instantiation of the edges of graphs.
    

   
   
    Prototypic 3D visualization

    We've implemented a first prototypic 3D visualization based on an XSLT stylesheet 
      named XSF2X3D.xsl that transforms
     XStandoff instances into X3D graphics like the one in Figure 14, “Normalized positioning of nodes in 3D space”. 
     Since there is no complete implementation available yet, in the remainder of this section we
     will concentrate on the things already accomplished, followed by possible future enhancements.

    The current implementation of a 3D visualization of concurrent hierarchies reflects the 
     considerations from the previous sections. The direct embedding of X3D into HTML5 allows for the 
     rendering of 3D visualizations in current browser versions.[11]
     The actual appearance of the current state of the prototype is shown in Figure 17, “Screenshot of the prototype (Google Chrome)”.
    

     [image: Screenshot of the prototype (Google Chrome)]
         
       
Figure 17.Screenshot of the prototype (Google Chrome)
     The main component of the visualization is a 3D space indicated as a cube which contains the 
       layers from the corresponding XStandoff instance (Figure 6, “XStandoff instance”) ordered along the z-axis. 
       At present, the normalization methods described in the previous section have not been fully implemented. In a later realization of the XSLT 
       stylesheet it should be possible for the 
       user to choose the normalization method, that is, the visualization of dominance or containment 
       relations.
       

    The illustration given in Figure 17, “Screenshot of the prototype (Google Chrome)” indicates most of the available user interactivity. Besides 
      free navigation like zooming in and out of the graphic and rotating it, there are certain predefined viewpoints 
      like front view and side view, which could be interesting for the user and can be taken by selection 
      from the menu item 'View'. In addition, it is possible to freely drag the hierarchies along the 
      z-axis by using the sliders, which are available for each individual layer in the info box on the 
      right hand side. An interesting feature of the graphic is the possibility to virtually merge layers 
      by either dragging them into the appropriate positions or selecting the predefined 'Merge layers' option 
      from the 'Layers' submenu. The initial configuration of the layers can be 
      reestablished by a click on 'Reset layers'. In the case of feeling lost in 3D space the 'Reload' button 
      on the left hand side restores the initial state of the graphic.

     Information on the present annotations in the individual layers can be gathered by hovering over the 
       nodes with the cursor evoking a tooltip, which contains basic information like element names, 
       string ranges, and XPath expressions. Other desirable features for an appropriate visualization of 
       concurrent markup, like the ones listed in the previous section, will be considered in a later version.

   
  
  
    Conclusion and future research

    In this paper we demonstrated two aspects: firstly, that the formal model of XML
      instances can exceed that of trees; in fact, we have proven that it is fully capable of
      representing graphs. This, secondly, was used as a starting point to choose two XML-based representation
      formats for multiple annotations that can be converted into 2D visualizations. Although it could be shown 
      that the first visualization approach provides an adequate (though admittedly suboptimal) solution to 
      overlapping structures, it is not capable of illustrating enhanced graph-based phenomena like 
      discontinuous elements or repetitive structures. Therefore we have sketched possible 
      3D renderings of concurrent markup. A first prototypic realization demonstrated how the adding of an additional 
      dimension could in principle contribute to the appropriate visualization of concurrent markup and could serve 
      as the basis for further research. The current version will be made available under 
      the GNU Lesser General Public License (LGPL v3) at the XStandoff website.
      Unresolved tasks like an improved visualization of overlapping annotations 
      and the treatment of discontinuous and repetitive structures could be tackled in a future release.
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Of course one could easily dig any deeper down to the beginnings of the GenCode(r)
          project and GML, but the point we want to take here is that there is a historic
          relation between markup languages on the one hand and the formal model of a tree on the
          other hand.

      
View note in Notes section
It may be of interest that the mention of feature structures in the TEI Guidelines can be traced back to the first proposal (P1) written in Waterloo script. Even this very draft version dated from 1990 covered feature structures as a means for linguistic annotation.

      
View note in Notes section
The project Sekimo was a part of the distributed research group Text Technological Modelling of
              Information which lasted from 2003 to 2009.

      
View note in Notes section
The stylesheets and corresponding documentation are available at
        http://www.xstandoff.net/tk.html.

View note in Notes section
Levels refer to the conceptual realization of annotations and layers to the technical
          realization (cf. Goecke2010). This distinction is reflected by XStandoff
          in providing the corresponding meta elements <xsf:level> and
            <xsf:layer>.
        

      
View note in Notes section
inline2XSF.xsl makes use of Saxon specific extensions
          which are available in the older XSLT 2.0 versions of Saxon (-B and -SA) and the newer
          versions PE and EE; see http://saxon.sourceforge.net/.

      
View note in Notes section
Also 
            consider the  online
              visualization corresponding to Figure 11, “Visualization of xLMNL instance by”.

View note in Notes section
The stylesheet 
          XSF2SVG.xsl is available at 
          http://www.xstandoff.net/tk.html

View note in Notes section
See http://www.khronos.org/webgl/wiki/Getting_a_WebGL_Implementation for further details.

      
View note in Notes section
See http://www.x3dom.org/ for further details.

      
View note in Notes section
The visualization has 
     been successfully tested in Google's Chrome 12.0.742.112 and Mozilla Firefox 5.0 except for certain HTML5 
     constructs like range inputs on the latter. Support is dependent on the GPU installed – it runs fine on an 
     NVIDIA GeForce GT 330M installed in a MacBook Pro, while on other configurations Chrome had to be 
     started with the '--ignore-gpu-blacklist' startup parameter while Firefox had to be
     customized via the about:config page and enabling the parameter 'webgl.force-enabled'.
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      Abstract
 This paper takes its point of departure in an overview of the overlap problem, and of
        proposed solutions to that problem. We then look at some analogies between bracketed markup
        notations and rules for well-formedness and structuring of simple parenthetical expressions.
        We propose a method for building lattices from marked up documents with and without overlap,
        and for generating, from these lattices, document models in the form of trees for XML
        documents, and in the form of GODDAGs for documents with overlap. It turns out that one and
        the same method can be used for generating both kinds of models, and we argue that lattices
        can also be used to implement well-formedness constraints for both kinds of documents.
        Finally, we discuss and compare some of the algebraic features of the document models, and
        the relations between them. 
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    Digital documents: Representational forms and operations

    When computers were first used for purposes of text processing, documents were typically
      represented as linear sequences of characters. This format lends reasonable support to basic
      operations on documents, such as visual presentation, editing, retrieval, content extraction,
      linguistic and quantitative analysis, and various forms of transformation. 

    However, the objects of such operations are not always most naturally thought of, or not
      easily identified, in terms of character sequences. Some operations are performed on
      structural partitions of documents such as sections, paragraphs, or sentences. Objects defined
      in terms of their thematic, linguistic, rhetorical or other properties, such as names, foreign
      words, high-lighted phrases etc. may also be the target of operations to be performed.
      Sometimes such objects can be identified at least indirectly in terms of properties of
      character sequences, but seldom reliably, [1] and often not at all. 

    Document markup can be seen as a response to these problems: when candidate objects of
      operations are explicitly marked, text processing applications are relieved of the burden of
      identifying them, and developers of such applications may concentrate on the operations to be
      performed rather than on the identification of the objects to be processed. Thus, marked up
      documents provide improved support for text processing, compared to documents without markup. 

     Therefore, it is perhaps only natural that with the introduction of document markup, the
      number and kinds of document objects that became subject of interest for processing increased.
      Markup languages and tools were developed not only for general purpose document publication
      and analysis, but also for more specialized purposes and document types. 

    For a number of reasons, the markup languages which became most widely used, and the
      grammars which ultimately acquired the status of international standards for those languages,
      such as SGML and XML, [2] were based on context-free grammars. One obvious reason was that representations
      based on context-free grammars were processable according to well known and computationally
      efficient algorithms. Over the years a plethora of general as well as special-purpose software
      for XML document processing has become available. 

     Such markup languages invite an abstract view of document structure and content, in which
      the "artifacts" of markup in the document in its serial form are represented in a more
      conspicuous way. Many or most XML processors do not actually perform operations on the
      document in its serialized form, but only (or largely) on a model of the document, usually in
      the form of a labeled directed acyclic graph. The graph is constructed from the serialized
      form of the document, and reserialized only for purposes of storage and exchange. Since one
      and the same graph may be represented in the form of more than one serialization, focus tends
      to be transferred on the graph (or, in XML terms, the document object model), rather than the
      serial form of the document. 

  
  
    The Overlap Problem

     The coincidence of the two factors mentioned above (i.e. the increasing interest in
      marking up more and more aspects of documents, and the fact that available systems were based
      on context-free grammars) lead to a number of closely related problems which are now commonly
      referred to as "the overlap problem". [3] On the one hand, the obvious advantages of markup lead to interest in marking up a
      wide variety of aspects of document structure, often necessitating different segmentations of
      one and the same document. On the other hand, standard markup systems did not provide a
      straight-forward and natural way of representing such competing or conflicting segmentations. [4] So although marked up documents provide better support for a broad range of
      processing purposes than documents without markup, the introduction of markup also lead to a
      number of problems one did not have much means or motivation to identify or formulate before
      the introduction of markup. 

    The so-called overlap problem was identified fairly early, and the literature of proposed
      solutions goes more than 30 years back in time. [5] The responses to the problem may be said to fall largely in four groups: 1)
      Alternate linear forms, 2) Alternate document models, 3) Stand-off markup, and 4)
      Transformation algorithms. 

    
      Alternate linear forms

       Since the syntax of XML enforces a strict hierarchical nesting of XML elements, it
        seems like a tempting solution simply to lift or soften this restriction. A large number of
        such proposals have been made. 

      Some notable examples are SGML CONCUR [Goldfarb1990], XCONCUR
          [Schonefeld2007], MECS [Huitfeldt1998],
        TexMecs [HuitfeldtandSperberg-McQueen2003], and LMNL [TennisonandPiez2002]. 

      The advantages of most of these proposals is that they provide what for human readers
        seems like a more natural and easily readable linear representation of overlapping elements
        than is provided by alternative proposals adhering to XML syntax. They may also provide
        better support for certain operations on overlapping elements. However, for the most part it
        is unclear how to perform anything like a full range of standard operations on their markup
        constructs, and there are unresolved issues of processability, expressive power etc. 

    
    
      Alternate document models

       Some proposals provide alternatives to what is commonly perceived as the XML document
        model, i.e. tree-shaped graphs like XDM or XML DOM, either in combination with or
        independently of proposals for alternative linear forms. 

      Some notable examples are LMNL [TennisonandPiez2002], Goddag
          [Sperberg-McQueenandHuitfeldt2000], multi-colored trees [Jagadishetal.2004], and Multi-Document Graphs [SchmidtandColomb2009]. 

      Although these solutions in general provide better support for at least certain
        operations on overlapping elements, the question of how to perform other standard operations
        is mostly unclear or not systematically addressed. For some of the proposals it is also
        unclear whether, or to what extent, it is possible to support roundtripping between the
        proposed document model and its form, or even what such roundtripping would amount to. (This
        is the case, for example, concerning the relation between Goddag and TexMecs.) Again, there
        are in general unresolved issues of processability, expressive power etc. 

    
    
      Stand-off markup

      Quite early on, it was suggested that many or most of the problems related to overlap
        can be seen as a result of the general limitations of embedded markup. [Raymondetal1992, Raymondetal1995] Thus, the idea
        of separating the markup from the document to be marked up, in the form of so-called
        "stand-off" markup has received considerable attention and adoption. 

      Some notable examples are xStandoff [StührenbergandJettka2009],
        Nite [Carlettaetal.2005], Earmark [DiIorioetal.2009], and (as an interesting limiting case) Multix [Chattietal.2007]. TEI [TEIP5] also contains recommendation for stand-off
        markup. 

      Stand-off markup does indeed provide potentially very strong expressive power and might
        seem to be the one sweeping solution to all problems related to overlap. And perhaps it is. [6] We note, however, that standoff markup either has been used, or could be used,
        in combination with any or all of the linear formats and document models referred to above.
        Thus, all the unclarities that pertain to those, and to the relationships between them,
        pertain also to stand-off markup. 

    
    
      Transformation algorithms

      Since there is such a multitude of proposals for alternate linear forms and document
        models, since they all have their pros and cons, and since no universal agreement on a
        unified solution seems to be forthcoming, it has been proposed that one should instead try
        to provide a common framework of algorithms for transformation between different linear
        forms and/or document models. [7]
      

      The advantages of this approach may be as obvious as its disadvantages: A major
        advantage is that, to the extent that transformations may be performed without loss of
        information, it makes all the strengths of all of the solutions above available to the
        users. Major disadvantages are: First, for every alternate serial form and/or document model
        introduced, the number of required transformation algorithms increases exponentially. Second
        (and perhaps most importantly), there seems to be no established and agreed-upon way of
        deciding whether or not any given transformation algorithm introduces information
      loss.

    
  
  
    The idea of a tag algebra

     There seems to be no consensus neither on whether the basic elements of marked up
      documents are most suitably regarded as partitions of a character stream (tags, elements etc.)
      or nodes of a graph of some kind, nor on what the basic operations on these elements are and
      how they are to be defined. As long as these issues are not clear, it is hard to compare and
      evaluate the various approaches to the overlap problem. 

    Elementary algebra assumes that numbers are the same whether written in Arabic or Roman
      notation, or, for that matter, whether we use a decimal, a digital or a hexadecimal numeral
      system, and that the sum of two numbers is the same irrespective of which algorithm we employ
      to calculate it. Certainly, some notations may seem less intuitive than others, and some
      notations require the use of more complex algorithms than others in order to perform certain
      operations. However, while important enough, such issues have no bearing on the question of
      what the correct result of an operation is. There is one and only one answer to the question
      of what the sum of two numbers are, irrespective of which notation and algorithm one might
      choose to use in computing that sum.

    Similarly, a tag algebra should be able to tell us whether two representations of a
      document marked up using different notations are representations of the same document or not,
      and what the result of adding or subtracting a specific element to or from that document
      should be. In what follows, we hope to establish at common basis for the solution of at least
      the first of these problems. We believe this basis will also be useful for defining operations
      on marked up documents, although we do not get that far in this paper. 

  
  
    Bracketed notations and matching

     In the rest of this paper, we will explore the relationship between markup without
      overlap and markup with overlap by way of comparing XML to another, imaginary markup language.
      This other markup language, which we may call O-XML, is exactly like XML, except that in O-XML
      overlap is allowed. [8] So whereas nesting structures like
      
<a>...<b>...</b>...</a>
 are well-formed in both
      XML and O-XML, overlapping structures like
      
<a>...<b>...</a>...</b>
 are ill-formed in XML,
      but well-formed in O-XML. As we are concerned exclusively with element structure, we ignore
      all other features or mechanisms of XML such as attributes, entities, comments, declarations,
      cdata sections, processing instructions, etc. 

    We may start with the observation that in XML all elements nest, while in documents with
      overlap not all of them do. [9] We may also observe that the element structure of XML documents can be deduced
      without looking at the generic identifiers of end tags, [10] whereas in notations allowing overlap this information is essential. We might
      summarize this by saying that in XML the start and end tags of nesting elements always match,
      whereas in other notations they do not always match. 

    But there is something puzzling about this way of putting the matter. Exactly what do we
      mean by the terms nesting, element, and match? We
      observe that whereas there is no overlap in
      
<a>...<b>...</b>...</a>
 and there is overlap in
      
<a>...<b>...</a>...</b>
 the difference between
      them disappears if we leave out the generic identifiers:
      
< >...< >...</ >...</ >
 Our guess is that it
      probably seems natural to most readers to assume that the element structure of the last
      example above is identical to the first, rather than the second. But is this necessarily so,
      and if so, why? Let us pursue the similarities between the nesting of start and end tags and
      the nesting of simple parentheses a bit further. 

    Consider any string consisting of left (i.e. start, or open) and right (i.e. end, or
      close) parentheses. One common assumption is that there should be a one to one correspondence
      between left and right parentheses, so that they are equal in number. This ensures that the
      string ((())) is to be regarded as well-formed, while the string
      ((()) is not. Another common assumption is that for every left parenthesis there
      is a succeeding right parenthesis. This ensures that the string )()( is not to be
      regarded as well-formed. In the following, we will refer to these two assumptions as "basic".

     The two basic assumptions do not by themselves imply any specific answer to the question
      which of the left parentheses correspond to which of the right parentheses in the well-formed
      cases. The intuitively most plausible (or common) reading of the string (()) may
      be in accordance with a "nesting" convention, to the effect that the first left parenthesis
      corresponds to the last right parenthesis. According to this convention, the structure of the
      expression ()(()) looks like this, where subscripts indicate correspondence: 

        
          (1 )1 (2
              (3 )3 )2
        

      
 However, nothing in the two basic assumptions as stated stops us from adopting
      other conventions. We might imagine a "mirroring" convention, where the first left parenthesis
      corresponds to the first right, the second left parenthesis to the second right, and so on. A
      "mirroring" convention for the same expression may look like this: 

        
          (1 )1 (2
              (3 )2 )3
        

      
 (Note the "overlap" between parentheses subscripted 2 and
        3 here. [11])

    Other conventions may be imagined in which some parentheses are selected according to
      specific rules, while the rest follow some general scheme like nesting or mirroring. [12]
    

     Thus, the two basic assumptions concerning the well-formedness of parenthetical
      expressions are compatible with alternate ways of assigning structure to those expressions.
      This important fact is easy to overlook, because one common method of testing for
      well-formedness, namely the use of rewrite grammars, also lends itself very easily to the
      assignment of a structure in accordance with the "nesting" convention above. The following
      example will illustrate this. 

    A rewrite grammar for generating strings of parentheses which obey the two basic
      assumptions may look like this: 

        
          	Base step

          	
            
              P→()
            

          

        

        
          	Subordination step

          	
            
              P→(P)
            

          

        

        
          	Coordination step

          	
            
              P→PP
            

          

        

      
A string is well-formed, in accordance with the two basic assumptions, if and
      only if it can be generated by this grammar, which generates strings like (),
        ()(()()) and ((()))
      [13]
    

     As mentioned, this grammar may also be used in order to assign a structure to the
      expressions in accordance with the "nesting" convention. This may be done by associating with
      each other the two parentheses that are generated together in each of the subordination or
      base steps. Selecting an index from the sequence number of rule application, the string
        (()()) could be derived with indicated associations as follows, where each rule
      selects a P in the string coming from the immediately preceding rule application,
      and substitutes it with the right hand side of the →: 

        
          	 0th step, start symbol

          	
            
              P
            

          

        

        
          	1st step, subordination

          	
            
              (1 P )1
            

          

        

        
          	2nd step, coordination step

          	
            
              (1 P P )1
            

          

        

        
          	3rd step, base step 

          	
            
              (1 (3 )3 P )1
            

          

        

        
          	4th step, base step

          	
            
              (1 (3 )3(4 )4 )1
            

          

        

      
 After the fourth step, there are no non-terminals left in the expression, and
      the process halts. As can be seen from the last line, the structure that has been assigned to
      the expression is in exact accordance with the "nesting" convention. 

    This confirms that rewrite grammars may be used for assigning structure as well as for
      checking well-formedness. However, one may very well use a rewrite grammar to check for
      well-formedness without using that same grammar for assigning
      structure. Moreover, there are other ways both of checking well-formedness and of assigning
      structure than using rewrite grammars.

    This should make clear that well-formedness is separate from structure. In the appendix we
      prove that well-formedness is preserved even when inserting randomly any left parenthesis,
      succeeded by another randomly inserted right parenthesis, into a well-formed string. 

    We observe that the rule for matching of start and end tags in XML is identical to what we
      called a "nesting" convention for simple parenthetical expressions above. We also observe that
      this seems to be the "default" rule for matching of start and end tags in markup languages
      which allow overlap, such as O-XML. In such languages, however, deviations from the default
      rule are allowed, and they are signaled by the selection of generic identifiers for end tags. 

    This explains why, as we noted above, the element structure of XML documents can be
      identified independently of information about the generic identifiers of start and end tags,
      whereas in O-XML this information is essential. In the following sections we will exploit
      these observations in order to look at alternate ways of describing the difference between
      nesting and overlap.

  
  
    Document lattices

    We believe that lattice theory [Grätzer1971] may usefully be
      applied to the construction of document models from marked-up documents. Lattice theory, like
      graph theory, is a way of reasoning over ordering relations. The theory has two components,
      one is a theory of order, the other of algebraic operations defined in terms of that order. In
      this section we will consider the order aspect, while algebraic operations will be discussed
      in the next section ("Algebraic characterization"). 

    A lattice is a partially ordered set of objects, here referred to as nodes, which will
      provide the elements of document models. Not all nodes will find their way into a document
      model, only those that do may also be referred to as elements, in agreement with the use of
      this term in XML and XSLT. A key requirement for an ordered collection of nodes to constitute
      a lattice, is that there should be one unique largest and one unique smallest node in the
      collection. If there is only a largest (or smallest) node, it is what is called a
      semi-lattice. [14] Examples of lattices so constructed abound. Any society ordered by social rank (or
      constitutional order) is a semi-lattice, with e.g president or monarch at the top. XML trees
      are semi lattices, with a root node on the top and text nodes at the bottom. 

     We analyze the stream of characters making up a document morphologically into a series of
      typed objects consisting of start tags, end tags, and simples.[15] The terms "start tag" and "end tag" should require no further explanation. We will
      used XML notation in specifying them. 

    The term "simples" refers to PCDATA. Informally, we might say that a simple is whatever
      occurs between two tags. [16]
    

    Empty elements are treated as a start tag followed by an end tag, without any intervening
      simple. 

    We assume a linear order on the morphological constituents. This order is derived directly
      from the serialized form of the document.

    Consider the following XML sample document, D1:

          <a>X<b>Y</b><c>Z</c></a>
        

      
Figure 1.Sample document 1 (D1) According to the definitions just given, this document is a linearly ordered set of
      token objects, consisting of the following morphological constituents with the properties
      indicated in this table, along with position indexes which, for our purpose, serve as token
      indexes for the types: 

        Table 1
          	Constituent
          	<a>
          	X
          	<b>
          	Y
          	</b>
          	<c>
          	Z
          	</c>
          	</a>
        

        
          	Type
          	start
          	simple
          	start
          	simple
          	end
          	start
          	simple
          	end
          	end
        

        
          	N
          	1
          	2
          	3
          	4
          	5
          	6
          	7
          	8
          	9
        

      



    For any document D, let S be the set of all start tag tokens and E the set of all end tag
      tokens in the document. Take the Cartesian product (all possible combinations) of S and E, and
      subtract all pairs for which the position of the end tag does not succeed the start tag. This
      object then represents all the possibilities for a start tag to match up with an end tag. Add
      the simples, and name the result L(D). 

    L(D1) now consists of the following nodes: 

        Table 2
          	<a>
          	</b>
          	1
          	5
        

        
          	<a>
          	</c>
          	1
          	8
        

        
          	<a>
          	</a>
          	1
          	9
        

        
          	<b>
          	</b>
          	3
          	5
        

        
          	<b>
          	</c>
          	3
          	8
        

        
          	<b>
          	</a>
          	3
          	9
        

        
          	<c>
          	</c>
          	6
          	8
        

        
          	<c>
          	</a>
          	6
          	9
        

        
          	X
          	
          	2
          	2
        

        
          	Y
          	
          	4
          	4
        

        
          	Z
          	
          	7
          	7
        

      



    The reader may be puzzled by the fact that we include non-matching pairs of tags, i.e.
      nodes with start and end tags with different generic identifiers (GIs), among the nodes of the
      lattice. This is simply because the point of the exercise at this stage is to see how far we
      are able to build document models without taking the generic identifiers of tags into
      consideration.

     We define a hierarchical order relation between nodes in terms of
      containment as follows: A node x is larger than a node y if and only if
      the start position of x is smaller or equal to that of y, and the end position of x is greater
      or equal to that of y (viewed as strings the larger, or higher, node contains the other). [17] This relation is asymmetric and transitive, so it is a partial order. [18]

    With this order in place, L(D1) as given in the table above is a semi-lattice. It
      has a top node, namely the pair consisting of the first start tag and last end tag
        <a>₁</a>₉. It also has a set of minimal nodes, the
      simples. Each pair of tag tokens is a node in the semilattice. Lattice structures are
      displayed using Hasse-diagrams (familiar from tree structures).

        	
          Nodes are positioned vertically according to their position in the hierarchy, with
            the more inclusive nodes at the top and the less inclusive further down. 

        

        	
          Nodes at the same vertical level are positioned from left to right according to
            their linear order in the document. 

        

      

    The lattice structure for L(D1): 
[image: Lattice L]
              
           
        
Figure 2.Lattice L
    As mentioned, the hierarchical order is transitive. According to the conventions of
      diagrams like these, however, lines are drawn only between nodes immediately ordered. 

    Before we proceed, we need to define a relation we call relatives: Two nodes are relatives if they share a token start or end tag. This is
      a reflexive, symmetric and non-transitive relation. 

    We also need to define a concept which has already been introduced implicitly, the concept
      of a minimal node: A node is minimal if it is lowest in the
      hierarchy, i.e. if it contains no other node.

  
  
    Building document models from lattices

    
      Modeling documents without overlap

      In what follows, we will show how what we may call a "standard" document model can be
        built on the basis of the lattice. In building this model, we will rely on distinguishing
        between nodes only in terms of the morphology introduced earlier, i.e. on the basis of which
        start tags, end tags, or simple tokens they contain. In particular, we do not take the GIs of tags into consideration in the building of this
        model. 

      A document model for D1 from the lattice L(D1) is built through a
        number of steps by selecting subsets from L(D1). Hence, the model building process
        can be viewed as a filtering process. We start from the bottom of the lattice and identify
        all the lowest-level minimal nodes. We copy these minimal nodes, i.e. the nodes labeled
        X₂, Y₄ and Z₇, from L and transfer them to a subset of L(D1)
        which we call S0. 

            X₂ Y₄ Z₇
          

        
Figure 3.Subset S0 We then delete these minimal nodes from L(D1), [19] and call the result L0. 
[image: Subset L0]
              
            
          
Figure 4.Subset L0
      We repeat the process of selecting minimal nodes, now from L0,
        and add them to S0, naming the result S1. In
        this case the minimal nodes are those labeled <b>₃</b>₅ and
        <c>₆</c>₈. S1 inherits the order from L, and looks like
        this: 
[image: Subset S1]
              
            
          
Figure 5.Subset S1 Next, we delete these minimal nodes, as well as all their
          relatives, from L0, and call the result
        L1. 

      Removal of the relatives assures that a tag can only enter into a relationship once. As
        soon as a node is selected for the model, neither the start nor the end tag of that node can
        enter into another node of the model. The relatives of <b>₃</b>₅
        in L(D1) are the following nodes 
[image: Relatives of <b>₃</b>₅]
              
            
          
Figure 6.Relatives of <b>₃</b>₅
        [20]
      

      L1 looks like this:
<a>₁</a>₉

        
Figure 7.Lattice L1
      As L1 only contains the single node
        <a>₁</a>₉ a repetition of the step above, which copies this
        minimal node to S1 resulting in S2, will
        terminate the process. [21] There are now no more nodes to select, and the process stops with the following
        candidate model M of D1: 
[image: subset S2=M(D1)]
              
             
          
Figure 8.subset S2=M(D1)
      What we find in S2 is, mutatis mutandis, identical to the
        "standard" XML document tree for the document we started with: 
[image: Standard document model of D1]
              
             
          
Figure 9.Standard document model of D1
       While GIs have been left out of consideration during the building, the candidate model
        will also be subjected to a well-formedness check: For each node in the model, the
          GI of the start tag must be identical to the GI of the end tag.. For this
        model, this is the case. 

      We conclude that with the method described here, lattices can be used to generate
        "standard" models of XML documents in the form of conventional XML document trees. Recall
        that we may also refer to nodes that are members of the model as elements. The claim that these constitue trees will be
        substantiated below, where we will show that the model building procedure indeed
        guarantees production of tree structures only.

    
    
      Modeling documents with overlap

      In this section, we will show that lattices can also be used in order to generate models
        of O-XML documents in the form of GODDAGs [Sperberg-McQueenandHuitfeldt2000]. Consider the following O-XML sample document, D2: 

            <a><b>X<c>Y</b>Z</c></a>
          

        
Figure 10.Sample document 2 (D2)
      The lattice L(D2) for this document is as follows (while we have used capital M
        to designate document models for XML documents, we will use capital O to designate document
        models for O-XML models): 
[image: Lattice L(D2)]
              
             
          
Figure 11.Lattice L(D2)
      An application of the method described in the previous section to this lattice, yields
        the following candidate model: 
[image: Candidate model of D2, M(D2)]
              
            
          
Figure 12.Candidate model of D2, M(D2)
      It easy enough to see that something must have gone wrong here, as there is disagreement
        between the GIs of the start and end tags for the nodes <b>₂</c>₈ and
        <c>₄</b>₆. Now D2 is not a well-formed XML document, and we have used the
        same procedure for generating M(D2) from D2 (which is a well-formed O-XML document
        with overlap, but not a well-formed XML document) as we did for building M(D1) from
        D1 (which is a well-formed XML document). The method will build document models for
        well-formed as well as ill-formed documents. However, the ill-formedness of D2 will be
        captured by the well-formedness condition introduced above.

      In constructing O(D2), it suffices to introduce one single modification to the
        procedure described in the previous section: Before performing any other operations on
        L(D2), we remove all nodes that have start and end tags with different GIs. Once
        this rule is introduced, the application of the procedure produces the following candidate
        model: 
[image: Subset O(D2)]
              
             
          
Figure 13.Subset O(D2)
      What we find here is, mutatis mutandis, identical to the GODDAG document model of the
        document: 
[image: GODDAG model of D2]
              
              
          
Figure 14.GODDAG model of D2
      We conclude that with the method described here, lattices can also be used for
        generating document models of O-XML documents with overlap in the form of GODDAGs. Since the
        extra rule that we introduced in this section does not affect the result for XML documents,
        one and the same method can be used for generating XML trees from XML documents and GODDAGs
        from O-XML documents. In other words, if D is a well-formed XML document M(D)=O(D). However,
        O(D) does not have any built-in well-formedness check. 

    
    
      Well-formedness

      In the previous section we noticed, in passing, that of the proposed method for building
        models from XML and O-XML documents, only M-models carry a well-formedness constraint. By
        introducing the rule that all nodes with different GIs on start and end tags should be
        deleted from the lattice, we effectively made sure that O(D) fulfills one well-formedness
        constraint on documents. The difference between the M- and O-constructions is subtle: The
        M-construction will always produce trees, while the O-construction will not necessarily
        produce trees. That issue is discussed in a subsequent section. The question to be asked
        here is: Can document lattices be used to capture the full set of well-formedness
        constraints? 

      The model building in itself may work even if document D starts with and end tag or ends
        with a start tag. The process will just ignore them. If they are taken into account as e.g.
        simples, the requirement that L(D) is a lattice will rule them out, since they will be
        ordered on the same level as the widest start tag/end tag pair. 

      Another source of ill-formedness stems from unbalanced parenthesis. For M(D) this is
        taken care of by requiring that the top node of L(D) is also the top node of M(D). The
        reason for this is that the top node of L(D) will be the widest start/end tag pair. If that
        pair is not a node it will be because all the tags are used up, so to speak, before it is
        reached, as the model building moves inside out. Consider this ill-formed document

          
            <a>₁<b>₂</b>₃
          

        
 The top node for L(D) is <a>₁</b>₃
        but this node will be removed from M(D) as a relative of the minimal
          <b>₂</b>₃. 

      For O(D) this doesn't work since the removal process looks at tag GI, so if the document
        is this 

          
            <a>₁<b>₂</a>₃
          

        
 it is <b>₂</a>₃ which is left out. So we cannot
        pin the requirement on the top node. However, we take it that for any document, including O-XML,
        that each tag should find a partner. Clearly <b>₂ in this document does
        not have one. 

      We conjecture that, in addition to the already introduced rule of deleting nodes with
        non-matching GIs on start and end tags, the following rule should suffice to capture all
        remaining well-formedness constraints on O-XML: 

       For any x.start or x.end in L(D) there must be an element E in M(D) or O(D) such that
        E.start=x.start or E.end=x.end.

      This should make sure that every tag in L(D) finds a match in M(D) or O(D). Moreover, ff
        M(D) is constructed without first removing non macthin GIs, the GI agreement constraint
        mentioned above will rule out any overlap.

      If this conjecture is correct, it means that checking for well-formedness as well as
        asignment of document structure can be accomplished by using document lattices, and without
        the use of rewrite grammars.

    
    
      Concluding remarks

      We believe that the proposed use of document lattices for building document models from
        marked up documents provides a unified account of the assignment of structure to documents
        with and without overlap. If our conjecture about well-formedness is correct, this account
        is also able to capture all well-formedness constraints on both types of markup.

      The proposed method exploits the observations made about possible alternative
        conventions for the assignment of structure to simple parenthetical expressions made
        earlier. In building models for both kinds of documents, XML and O-XML, we rely on the
        "nesting" convention. The difference is that for XML documents, information about the GIs of
        tags may be ignored, whereas for O-XML documents this information is essential. 

      In introducing O-XML, we said that the only difference between XML and O-XML is that
        O-XML allows overlapping elements, whereas XML does not. What about so-called self-overlap,
        discontinuous elements and virtual elements, mechanisms which have been proposed in for
        example TexMECS, LMNL and other alternative markup languages? We believe that the handling
        of self-overlap with document lattices is just a question of adjusting the basic morphology.
        Whether, or to what extent, document lattices can also be used for markup languages with
        discontinuous or virtual elements we simply do not know.

    
  
  
    Algebraic characterization

    
      Meet and join

      The meet and join operations are a central part of lattice theory. In our context, they
        may serve to characterize the difference between the models for XML and O-XML, and their
        relationship to the lattice L. 

       The meet operation selects the largest node below its operands, while join selects the
        smallest above its operands. A requirement for lattices is that any two nodes have a meet
        and a join. 

      Since we are dealing not primarily with lattices in the strict sense, but mostly with
        semi-lattices, we need to lighten this requirement for the meet operation: two nodes are
        allowed not to have any meet if they do not have any common nodes below them at all. 

      We indicate the vertical ordering of nodes in a lattice by using the symbols ⊒
        and ⊑, so that the opening is faced towards the larger node. In other words,
        x⊒y means that x is higher in the lattice than y, while x⊑y means that y
        is higher than x.

      We can now define the meet operation, indicated by the operator ⊓, and the
        join operation, indicated by the operator ⊔, as follows: 

          
            	meet:

            	
              x⊓y=z iff, for all u, whenever u⊑x and u⊑y then
                u⊑z. 

            

          

          
            	join:

            	
              x⊔y=z iff, for all u, whenever u⊒x and u⊒y then
                u⊒z. 

            

          

        

      The meet and join operations can also be characterized in terms of tag configurations.
        Let the start and end tag for a node x be written as x.start and x.end. The meet operation
        can be captured by saying that whenever z=x⊓y then z.start=max(x.start, y.start)
        and z.end=min(x.end,y.end). Similarly, the join operation can be captured by saying that
        whenever z=x⊔y then z.start=min(x.start,y.start) and z.end=max(x.end, y.end). [22]
      

    
    
      Are M(D) and O(D) lattices?

      The first step of the method we have proposed consists in constructing, on the basis of
        a marked up document D, a lattice L(D). The construction method ensures that L(D) always is
        a lattice, i.e. that it has a unique largest node, that every pair of nodes has a join, and
        that every pair of non-minimal nodes has a meet. The document models, M(D) for XML documents
        and O(D) for O-XML documents, however, are derived from L(D) through a filtering process.
        Therefore, it is appropriate to ask whether M(D) and O(D) are also lattices, or not. 

      In this section we will argue that M(D) is not only guaranteed to be a lattice, it is
        also guaranteed to be a tree. O(D), however, is obviously not guaranteed to be a tree, but
        it is also not guaranteed to be a lattice.

       We have earlier observed the similarity between the document model M(D) and XML trees.
        The following argument will show that this is necessarily the case for any model M(D). In
        XML, whenever both x.start<y.start and y.start<x.end is true, it is safe to conclude
        that y.end<x.end (in other words, there is no overlap). This is also true for the
        relationships in M(D). 

       To see why, consider x and y, both elements of a model M(D), with the assumption that
        x.start<y.start and y.start<x.end. We want to show that it will always be the case
        that y.end<x.end under these circumstances. So suppose for contradiction that this is not
        so, and that x.end<y.end. Then there exists a node z=(y.start,x.end) in L(D), since
        y.start<x.end (recall that L(D) contains all pairs of start tags followed by end tags).
        It is also clear that z is not a member of M(D). Further, from z's definition, we note that
        z is smaller than both x and y, and also a relative of both. This is enough to contradict
        the selection assumption for M(D): if z is smaller than x, then, since z=(y.start, x.end), z
        cannot have been removed in the model building process as a candidate for x, because any
        node is below all the relatives it removes, and by assumption z<x . So z must then have
        been removed as candidate for M(D) considered as a relative of y. But this contradicts the
        assumption that z<y, since y<z for z to be removed. We can therefore conclude that
        assuming that x.end<y.end is not tenable, and therefore that y.end<x.end. This means
        that if ⊓ is confined to elements of M(D), u⊓v is either one of u or v (if it
        has a value at all); if u strictly comes after v, they would not share any nodes. A
        consequence of this is that any element x must have a unique parent (if it has one at all):
        if both u and v where distinct parents in M(D) (i.e. smallest nodes above x), x⊑u and
        x⊑v, which would mean that x⊑u⊓v=u (or v). We can therefore conclude that
        M(D) is a tree. 

       The above argument does not hold for O(D) which models overlap structures. The example
        GODDAG in Lattice R shows that the structure is not a tree, as the simple Y has
        two parents. Also, the join may be undefined when restricted to O(D) (that is, redefined
        within O(D) and not computed within L(D)). In O(D) two elemnts do not necessarily have a
        unique smallest dominating element, even if there are elements above them. For example, two
        elements x and y may be dominated by elementss a and b, and neither of these dominate the
        other if they overlap. In this example it is therefore impossible to select a smallest
        dominating element to serve as the join of x and y. 

    
    
      Closure

       In this section and the ones that follow, we will look at the differences between O-
        and M-models in terms of meet and join. This also brings us to regard M(D) and O(D) as
        subsets of L(D), and consider ways of adding nodes to them in order to make them satisfy
        certain requirements. 

       When M(D) and O(D) are seen as subsets of L(D), with meet and join computed in L(D),
        there are a number of differences between them that were not captured above, when we limited
        ourselves to look at their structures only. Our first question is whether the meet and join
        operations are closed in M(D) and O(D). (An operation is closed in a subset A if the result
        of the operation stays in A when operating on elements of A.) 

      One defining difference between O(D) and M(D) in terms of closure is that while the meet
        operation is closed in M(D), it is not in O(D). As we saw above, given two elements x and y
        in M(D), their meet is either x or y, which is still in M(D). If u and v in O(D) are
        distinct and overlapping, which means that u.start<v.start while u.end<v.end, their
        meet is w=(v.start,u.end), which is not an element of O(D). (It is a node in L(D), but since
        it is a relative of both u and v, it is not a member of O(D)). 

      The join operation will not always be closed, neither in M(D) nor in O(D). If x precedes
        y with both tags of x before y.start, their join is (x.start,y.end). This node cannot be any
        element neither of M(D) nor of O(D), since it is a relative of both x and y, but not
        identical to any of them. 

      An observation concerning M(D) is that there are nested documents that are closed under
        both join and meet. Documents where no node precedes another are of that type, like for
        example <r><a>X</a><r>. In a document like this, where ⊑ is a
        total order, it is the case that if x⊔y=x then x⊓y=y and vice versa. A
        document with overlap will in general leak into L(D) for both meet and join.

      Consider D2 from the previous section. The lattice L(D2) may be used to
        represent M(D2) as well as O(D2). D2 is an O-XML document with overlap, so
        M(D2) will be ill-formed, but that is not of relevance at this point; M(D2) will
        simply exhibit the nested view of the document. In the figure below, showing the lattice
        L(2), the elements of M(D2) are indicated with a ✓, while the elements of
        O(D2) are indicated with a ✗; the simples are members of both models. 
[image: L(D2) with subsets ✓M(D2) and ✗O(D2)]
                
            
          
Figure 15.L(D2) with subsets ✓M(D2) and ✗O(D2)
      We write M(D)* for the closure of M(D). It is obtained by collecting all nodes
        x⊓y and x⊔y in L(D) where x, y are elements of M(D), with recombinations.
        Similarly, we write O(D)* for the closure of O(D). The new nodes that are added in this way
        are called semi-elements, distinct from the elements of M(D) or O(D).

      Here is what the O-XML document D2 with overlap looks like with semi-elements
        added. The semi-elements are indicated with a check mark, ✓. Note that the
        semi-elements are precisely the candidate elements for M(D2), an observation we return
        to below.
[image: O(D2)* with semi-elements check marked.]
                
            
          
Figure 16.O(D2)* with semi-elements check marked.
       The semi-elements are considered nameless, they may be annotated with an algebraic
        formula having that node as value. 
[image: O(D2)*]
                
            
          
Figure 17.O(D2)* 
       The reader may check that the above diagram represents the closure of O(D2). Here
        are all possible combinations alongside their value, not including combinations involving
        elements x and y such that x≤y. 

          Table 3All possible meet and join combinations for O(D2)


            	X₃⊔Y₅ = b = <b>₂</b>₆
          

          
            	X₃⊔Z₇ = b⊔c = <b>₂</c>₈
          

          
            	Z₇⊔Y₅ = c = <c>₄</c>₈
          

          
            	b⊓c = <c>₄</b>₆
          

        




       It was noted above that M(D2) was a subset of O(D2)*. We want to demonstrate
        that it holds for any document D that M(D) is a subset of O(D)*, even though M(D) and O(D)
        need only have the top element in common. The converse does not hold. A consequence of this
        is that O-XML documents with overlap cannot be reached from algebraic manipulations on M(D),
        but that the corresponding XML document without overlap can be reached from O(D)*.


       For this to make sense, D must be a well-formed overlapping O-XML document. If D has no
        overlap, it will also be a well-formed XML document for which we have already established
        that O(D)=M(D). Hence, in that case M(D) will automatically be a subset of O(D)* (=M(D)*).
        Further, we take it without argument that if O(D) contains an element x that does not
        overlap with any other element y in O(D), x will also be a member of M(D). It doesn't matter
        if x contains, or is contained, in an overlap configuration as long x does not itself
        overlap with another element. To illustrate, the a and b elements of the following document
        D4 will be elements of both M(D4) and O(D4), even though c and d overlaps.
        The latter two will obviously not be members of M(D4):
        
<a><d>X<c><b>Y</b></d>Z</c></a>
 In
        addition to the simples, the elements of M(D4) will be these (token indexes are skipped
        since the GIs serve to uniquely identify token tags), where the linear order of the elements
        also reflects the hierarchical order:
        
(<a>,</a>) (<d>,</c>) (<c>,</d>) (<b>,</b>)

        So the odd elements here, which are not elements of O(D4), are these two
        
(<d>,</c>) (<c>,</d>)
 It can be seen that these
        two nodes are semi-elements of O(D4)* given the equations 
(<d>,</c>)=(<d>,</d>)⊔(<c>,</c>)
(<c>,</d>)=(<d>,</d>)⊓(<c>,</c>)

      The above equations hold also in the general case. Consider an O-XML document D, and an
        element m in M(D), so m may possibly not have matching tags. Then it will be the case that either m
        is in O(D), or else there will be elements in O(D) so that m is their join, their meet or a
        combination of join and meet. To see this, note that m will either be well-formed according
        to XML (checked through the GI-identity constraint) or it will not, but still well-formed
        according to O-XML. So it is like either (<a>,</a>) or
          (<d>,</c>) of M(D4). If m is a member of O(D), it will also be in
        O(D)*. So consider the case where m is not an element in O(D). Then there must be distinct
        elements a and b in O(D) so that a.start=m.start and b.end=m.end, this because of the
        constraint which says all tag tokens must be part of an element. Now there are three cases
        to consider: 

          	
            a.start<b.start and a.end<b.end (this subsumes overlap and
              sequencing)

          

          	
            b.start<a.start and b.end<a.end (overlap only)

          

          	
            a.start<b.start and b.end<a.end (nesting)

          

        

       In the first case m=a⊔b, while in the second, m=a⊓b, parallel to the case
        for D4.The third case, the nesting case is a bit trickier. The tag configuration for a and
        b is now 
...<a>...<b>....</b>...
 where
          m=(<a>,</b>), another way of stating that m=(a.start, b.end). Recall
        that the M-models are constructed without looking at GIs, so for m to be an element of M(D),
        all the tags between a.start(=m.start) and b.end(=m.end) must match up. In particular there
        must be an equal number of start tags and end tags between a.start and b.end. Since we
        already have b.start in there, we know there must be at least one extra end tag between
        a.start and b.end. That end tag must be matched in O(D) by a start tag outside of the
        (a.start, b.end) configuration. Which means that there must be an element c of O(D) such
        that c.end is between a.start and b.end and such that c.start is outside of the pair, that
        is c.start<a.start. Now m can be written on the form m=a⊓c⊔b, and so is a
        semi-element of O(D)*. [23] 

      This result, that M(D) is a subset of O(D)*, but not vice versa, pinpoints an asymmetry
        between overlapping and nesting documents. Nested documents can be recovered, so to speak,
        from overlapping documents, but there are overlapping documents that cannot be described
        algebraicly in terms of nested documents. 

    
    
      Spurious overlap

      Closure models may be help in representing certain cases so-called spurious overlap as discussed in [HuitfeldtandSperberg-McQueen2003]. Roughly, spurious overlap occurs
        whenever two elements a and b overlap, and there is no PCDATA either between the two start
        tags, or between the two end tags, or between the start tag of a and the end tag of b. The
        following O-XML document D3 may illustrate. 

          
            <a><b>X<c></b>Y</c><a>
          

        
 Its document model is this 
[image: O(D3)]
                  
            
          
Figure 18.O(D3)
       Except for token indexes, it is identical to the document model for the following
        XML document: 

          
            <a><b>X</b><c>Y</c><a>
          

        
 The closures of the two document models are slightly different, though. The
        document with spurious overlap has this closure: 
[image: O(D3)*]
                  
             
          
Figure 19.O(D3)* while the document without overlap has this closure:
[image: M(D3a)*]
                  
             
          
Figure 20.M(D3a)*
       This may serve to illustrate the close relationship between the lattice model and the
        serial form of the marked up document. By the use of closure models with semi-elements,
        documents with spurious overlap can be distinguished from other documents which share the
        same document model.

    
   
  
  
    Conclusion

     We have described a method for building lattices from marked up documents with and
      without overlap, and for generating, from these lattices, document models in the form of trees
      for XML documents, and in the form of GODDAGs for documents with overlap. We have shown that
      one and the same method can be used for generating both kinds of models, and we have given
      reasons to believe that lattices can also be used to implement well-formedness constraints for
      both kinds of documents. In this sense, this is also a step away from relying on context free
      grammars and the like in analyzing documents. As presented here, model building is kept
      separate from grammar, but we leave open the question of how this bears on document
      validation. 

    We have discussed and compared some of the algebraic features of the document models and
      the relations between them, and pointed out some interesting results. For example, that the
      algebraic operations provide a link between nested documents and overlapping documents. The
      former can be computed by algebraic means from the latter, but not the other way around. We
      have also disussed how the algebraically closed models can be used to distinguish models of
      spurious overlap from nested models, via the introduction of semi-elements.

     Therefore, although many of the details in the work presented here probably are in need
      of correction and revision, we believe that the application of lattices to marked up documents
      may provide a unified account of markup languages with and without overlap.

  
  
    Appendix

    In the section called "Bracketed notations and matching" we defined the grammar P. We will
      formally prove that any two parentheses (a left then a right) can be added to a well-formed
      parenthetical expression according to this grammar, while preserving well-formedness. We start
      with the following lemma 

    
      Lemma on string splitting
    

    Let the string S over left and right parentheses be derived according to P,
      and decomposed into S=XYZ. Then X, Y and Z
      can be reduced, by removing non-terminal Ps
      from each of them into X', Y', and Z', such that 
      X'=(n and
          Y'=)m(p and
          Z'=)q, so that S' is well-formed. 

    Proof: Since X is the leftmost string of S, any right
      parenthesis, ), in X must occur in the pattern (p), and
      such a pattern can safely be removed without destroying the well-formedness of the expression.
      Thus, X will in the end be reduced to X' as a consecutive string of
      left parentheses. A parallel argument goes for Z and its reduction to
      Z' as a string of right parentheses. For Y the story is a bit
      different, since a left or right parenthesis may be generated with a corresponding parenthesis
      in X or Z. However, we can safely conclude that if all
      Ps are removed from Y, then there can be no string of the form (W)
      in Y, since either ) is derived with a corresponding (
      in W, or ( is derived with a corresponding ) in
      W. Thus, Y' must be a string of )'s followed by ('s.
      Since removing a P from a well-formed string won't affect its well-formedness,
      the string S'=X'Y'Z' is well-formed.

     This lemma will be used to show that any pair of left and right parentheses can be
      inserted into a well-formed string without affecting its well-formedness. 

    
      Well-formedness of additional parentheses
    

    Let the string S be a well-formed parenthetical expression according to P. Inserting a
      left parenthesis anywhere in S followed by a right parenthesis anywhere after the
      left, will result in a well-formed string according to P.

    Proof: Split the string S into three substrings XYZ at the
      positions where ( and ) are to be inserted, so that The new string is 

    
      
        S1=X(Y)Z.
      

    

     Now according to lemma, X Y and Z can be reduced and re-concatenated into the well-formed
      expression

    
      
        
            (n)m(p)q
        
      

    

     Inserting the new left-( and right-) into their respective positions, results in 

        
          
              (n()m(p))q
          
        

      
 Now, all that is left to do is just to shift the superscripts to the right and
      left; this expression can be written as 

        
          
              ((n)m(p)q)
          
        

      

     But this is just the expression (X'Y'Z'), and since the X'Y'Z',
      can be reduced to a sequence of Ps,  the resulting
      expression is also well-formed, being then on the form (P*). 

     This proposition guarantees that the intended matching of the parentheses is of no
      concern to the well-formedness of the expression. 
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Notes
Simple examples in point are sentences, quotations, and proper names

      
View note in Notes section
For convenience, we will allow ourselves to use the term "XML" in the rest of this
          paper, also when for historical or other reasons the correct reference would be either to
          XML, or to SGML, or to both.

      
View note in Notes section
The one problem which has received most attention in the literature is the difficulty
          or inconvenience of representing overlapping elements in XML. There are related problems
          pertaining to the representation of discontinuous elements and alternate ordering of
          elements, which we do not address in this paper. We do believe, however, that the general
          strategy outlined here could also be adopted in order to get a better grip on these
          problems.

      
View note in Notes section
 An important exception on this point is the SGML CONCUR feature, which did provide a
          mechanism for the encoding of concurrent hierarchies. Unfortunately, CONCUR was never
          widely supported by SGML implementations, and was not carried over to XML. However see
            [Schonefeld2007]. 

      
View note in Notes section
See e.g. [Barnardetal.1988], [Barnardetal.1995], [DeRose2004], and [Witt2005].
          We cannot and do not attempt a full overview of the literature in this paper, but only to
          point to some of the main courses among various approaches to the problem. 

      
View note in Notes section
In addition, stand-off markup may provide solutions to problems related to the
            representation of document change histories, of multi-versioned documents, and to
            dynamic document editing. These problems often coincide with, but are in our view
            distinct from, the overlap problem. Common objections to stand-off markup concern data
            integrity under document editing. This is indeed a serious concern, but one which lies
            outside the scope of this paper.

        
View note in Notes section
Requests and proposals for transformation tools are abundant in the literature, but
            we know of only one proposal which recommends the establishment of a common framework of
            transformation algorithms as a general solution: [Marinellietal.2008].

        
View note in Notes section
For all relevant purposes, therefore, O-XML is equivalent to what Yves Marcoux termed
          "overlap-only TexMECS" in [Marcoux2008]. Note that, like
          "overlap-only TexMECS" and some other notations, but unlike yet other notations allowing
          for overlap, O-XML does not allow for self-overlap.

      
View note in Notes section
The latter may seem like a tautology, as it merely says that in documents with overlap
          some elements overlap. Note that in the sense we are using the term overlap here, XML
          documents do not have overlap, whereas documents in notations like O-XML, such as MECS,
          TexMecs, LMNL, xConcur etc. may have.

      
View note in Notes section
This may be one of the reasons for the complaints about the verbosity of XML as
          compared to e.g. SGML, which allows for the omission of generic identifiers on end
        tags.

      
View note in Notes section
Nesting and mirroring agrees on single level coordinate structures, for example
            ()().

      
View note in Notes section
 Imagine speakers of two dialects Nest and Mirr of the language Parenthesian, a
          language forming subsets of well-formed parentheses. In dialect Nest the semantics follows
          nested brackets, in Mirr matches are a mix of mirrored and nested parenthesis. In both
          dialects the word for walk is "()" and the word for dog is "(())". The rule
          for forming "verb+subject" sentences in dialect Nest is to wrap the verb inside the first
          parenthesis of the noun, so that "dog walks" becomes "(()())". Using
          subscripted d's to indicate "dog" the structure is:
              (d()(d)d)d.
           Dialect Mirr has a different rule for forming sentences (verb+subject): wrap the
          last parenthesis of the verb around the first parenthesis of the noun, resulting in the
          configuration "(()())". Surprisingly, this is exactly the same expression as
          above, although it now has a different structure: 
              ((d)(d)d)d.
          

      
View note in Notes section
 If we allow for the use of regular expressions in grammar rules, the base and
          coordination steps can be merged to: P→P*
        

      
View note in Notes section
In the following, this distinction will not always be important, and we may
          occasionally refer to lattices and semi-lattices indiscriminately as "lattices".

      
View note in Notes section
As noted above, the only difference between XML and O-XML is that O-XML allows
          overlapping elements. Therefore, element structures of some other markup languages, such
          as the suspend and resume tags of TexMecs, are not taken into consideration.

      
View note in Notes section
Excluding other markup constructs, such as comments, processing instructions or
          declarations, cf. the remark above. It does not matter whether the tags separating two
          simples are start tags, end tags, or a combination of start and end tags.

      
View note in Notes section
This would mean that nodes contain each other if their start and end positions are
          identical, -- however this situation cannot occur in the current context, since a position
          index functions as token index.

      
View note in Notes section
 We observe that these concepts are parallel to the concepts of sequence and range of
          Core Range Algebra [Nicol2002a]. There is a connection between the
          approach adopted here, and Core Range Algebra, but we leave a discussion of that
          connection for future work.

      
View note in Notes section
These minimal nodes happen to have no relatives, otherwise we would have had to
            delete those as well. See next step.

        
View note in Notes section
Remember that the relatives of a node are defined as the set of other nodes with the
            same start or end tag token. If there had been further
            nodes with tokens of the start tag <b> or the end tag </b> in the lattice,
            they would still not have been relatives of <b>₃</b>₅. In
            other words, we are still ignoring information derivable from GIs.

        
View note in Notes section
The above process can be defined inductively using the functions
            min that selects the minimal nodes from a lattice, and
              rel which selects the relatives of its argument. Recall that the
            latter relation is reflexive, which means that rel(S) has S as a subset. The induction
            stops when Li is empty. 

              
                	Base step for S:

                	
                  S0 =
                  min(L)

                

              

              
                	Base step for L:

                	
                   L0 = L -
                      rel(S0)

                

              

              
                	Induction step for S:

                	
                  Si+1 =
                        min(Li)
                    ∪ Si

                

              

              
                	Induction step for L:

                	
                  Li+1 =
                      Li -
                    rel(Di) 

                

              

            

          This method bears a resemblance to cascaded finite state transducers, used in
            natural language processing abney97. A finite state transducer
            F, may scan a string over the symbols "(" and ")" replacing each occurrence of "()" (i.e
            the innermost, or minimal elements) with the empty string. Then repeat the process on
            the output (the cascading). When nothing is left, the process stops and the parentheses
            that are removed together can be taken to match. Even though the language over
            parentheses itself is context free, a cascaded approach using finite state transducers
            can in principle analyze it.

        
View note in Notes section
 To see that this is so, consider first the case of ⊓. Any node that is
            below x must have a start tag occurring after or at x.start and an end tag at or before
            x.end, and similarly for any node below y. Thus, any node u, such that u⊑x and
            u⊑y, must satisfy that u.start ≥ x.start and that u.start ≥
            y.start, and both of u.end ≤ x.end and u.end ≤y.end. Consequently, any
            such u will therefore also satisfy u⊑z so z must be equal to x⊓y in
            accordance with the definition for ⊓. A similar argument can be applied to
            ⊔. As simples are minimal, they cannot have a meet, while their join will be
            discussed below.

        
View note in Notes section
Note in passing that there must be an end tag positioned between b.start and b.end.
            This is so because m as a member of M(D) do not allow overlap, and with b.start between
            its start and end tags, b.start must match up with a tag in M(D) that comes before b.end
            itself. If c does not serve this purpose, there will be additional tags between a.start
            and b.end
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      Abstract
Interchange of XML documents depends in large part on the use of "compatible" vocabularies of element types and attributes, where "compatible" means "understandable and processable by all parties involved in the interchange". The traditional SGML and XML approach to interchange used "interchange" document types that defined a fixed set of element types and attributes to which all interchange parties agreed. History has demonstrated conclusively that this approach does not work. The DITA standard, which is expressly designed to enable blind interchange of DITA documents over the wisest possible scope, avoids this failure by turning the problem around. Rather than making the unit of vocabulary definition the document type and then allow unconstrained extension to it, it makes the units of vocabulary definition invariant modules which are combined by documents to form complete document types. Extension is allowed through two controlled facilities: constraint modules and specialization. The constraint and specialization facilities serve to ensure two preconditions for blind interchange: (1) All DITA documents are inherently and reliably processable to some degree by all general-purpose DITA processors irrespective of the markup details and (2) non-general-purpose DITA processors can quickly determine, from document instances alone, whether or not a given document may contain elements and attributes it does not know how to process. It is this aspect of DITA that distinguishes it from all other XML applications and in particular from traditional "interchange" document types based on monolithic DTDs that allow unconstrained (and unconstrainable) extension and customization. This paper presents the details of the DITA vocabulary and constraint module system and how that mechanism serves to ensure smooth and reliable blind interchange of documents. It makes the argument that the DITA vocabulary module and constraint approach, if not the DITA-specific implementation details, could be applied to any markup application domain and thus to any tag set.
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    Introduction

    SGML and XML have always been about interchange, starting with the business problem of interchanging typesetting data sets between publishers and printers and evolving into the promise that document data could be interchanged widely among different users of the data because it was in XML. 

    The implicit, and sometimes explicit, promise, or at least vision, of SGML and, later, XML, was blind interchange: the ability for one party of an interchange to use data provided by the other party using only the information in the document itself along with shared common knowledge, such as understanding of the standards to which the data conforms, without the need for any additional knowledge to be directly communicated from the sending party to the receiving party. In other words, the sending party can, for example, make data available for licensing to anyone who wants to license it and licensees can get the data knowing that they will be able to use it immediately, without the need to adapt either the data or their processing infrastructure to accommodate the data received.

    This vision has gone largely unrealized because the SGML and XML community had not devised a way to allow local definition of specific vocabulary while ensuring both understandability and processability of data. You could either have precise markup optimized for local requirements or you could have general-purpose markup that could be processed by many potential consumers, but you couldn't have both. This was, and continues to be, a problem that limits the value of XML because it adds significant cost to the use of XML where interchange is a requirement (and interchange is always a requirement, even if that interchange is with only with your future self). An obvious example of this cost is the complex system of validation and data normalization transforms created and maintained by PubMed Central in order to manage the publishing of journal articles from many publishers into the PubMed repository. This cost is entirely avoidable.

    The DITA architecture provides a general way of thinking about and using modular vocabulary that enables interchange at the lowest cost (and lowers the cost of new vocabulary development and support of that vocabulary) in a way that no other standard for XML documentation does. 

    DITA's general approach could be adapted to other XML vocabulary domains and thus give them the same advantages. As discussed in the last section of this paper, while it is technically possible to apply DITA-based markup to essentially any set of documentation structuring requirements, there are many reasons why that is not going to be a viable solution for many communities. But DITA's architectural ideas can, and I assert should, be applied to non-DITA-based XML vocabularies in order to realize the same value that DITA provides in terms of reducing the cost of interchange and generally minimizing the cost of using XML. That is, I am not suggesting that DITA is the solution for everyone, I am only suggesting that DITA's way of thinking about document types and vocabularies is powerful and interesting and useful. I am asserting that DITA's approach to enabling interchange works where no other approach does. 

    In this paper, the term "community of interchange" means the expected set of partners involved in the interchange of a specific set of documents or document types. Different communities have different scopes, from small communities limited to a few authors or products within a small software company all the way to essentially unbounded scopes, such as all potential users of journal articles. 

    From a business standpoint, my day-to-day concern is with the business challenge of very wide scope interchange as done or desired by Publishers, where the value of a given unit of content is determined largely by the number of different consumers who are willing to buy it or the number of different channels through which it can be published. From this standpoint, the cost of interchange is an important determiner of overall value of Publisher's primary business output, information. The less it costs others to acquire and use the content, the greater the value of that content and the larger the potential market for it.

    This paper focuses in particular on "blind" interchange. By blind interchange I mean interchange that requires the least amount of pre-interchange negotiation and knowledge exchange between interchange partners. In the ideal scenario, Parter A is able to say to Partner B "here is data in format X, a format we both know and understand" and Partner B is able to reliably and productively use the data from Parter A in non-trivial ways without the need for any more communication with Parter A.

  
  
    Why Traditional Approaches to Interchange Do Not Work

    SGML introduced the formal "document type definition" (DTD), which allowed communities of interchange to define sets of elements that would be allowed in the documents used by that community. Because DTDs are formal, machine-processable definitions, documents could be validated against a document type to determine conformance to the rules of the document type. The general assumption or hope or implication was that documents that conformed to a given DTD would then be reliably interchangeable within the community.

    
      In this document I use the term "DTD" as shorthand for "any declarative document constraint language or grammar", including DTDs, XSDs, and RelaxNG, unless otherwise specified.

    
    This approach to interchange does not work and cannot work because it is too simplistic. It ignores a number of factors that serve to impede interchange over any non-trivial scope, including:

      	
        No fixed set of element types can ever satisfy all the requirements of all participants, for at least two reasons:

          	
            The set of requirements across all participants is always greater than the time available for analysis and implementation. That is, at some point you have to draw a line and say "good enough" and get something working.

          

          	
            New requirements always appear, meaning that even if (1) was not true, there would always be times when new requirements had yet to be analyzed and implemented.

          

          

      

      	
        DTD validation is not sufficient to enforce all important rules to which documents must conform. Thus there will always be processing or business processes that depend on data rules that cannot be enforced by DTDs. This applies to any non-procedural document constraint mechanism, including XSDs, RelaxNG schemas, and so on.[1] 

      

      	
        Parties to interchange seldom, if ever, author their content in exactly the form in which it will be interchanged. Most enterprises have some need for internal-use-only markup of some sort, such as for proprietary information that isn't shared or markup that is specific to internal business processes or information systems. This means that there will almost always be a difference between document types as used within the private scope of an interchange partner and document types as used for exchange. This implies the need for a way to express and maintain the relationship between the internal-use markup rules and the interchange markup rules, ideally in a machine-readable and processable form.

      

      	
        There is a tension between simplicity of markup design and precision of semantic identification. XML's value derives at least in part from its ability to bind semantic labels to information as precisely as required. However, the more element types you have (increased semantic precision), the more complicated the document type becomes, increasing the cost of learning, using, supporting, and maintaining it. In addition, more element types increases the opportunity to do the same thing in different ways. Likewise, trying to maintain simplicity by keeping element types generic can make it harder to know how to mark up specific kinds of information, leading to inconsistent practice for the same type of information. In the context of interchange, where an interchange DTD must be the union of the requirements of the interchange partners, the sheer size of the resulting document type tends to weigh heavily in favor of generality in order to avoid the complexity cost of having a huge number of more-precise element types or the analysis cost of determining a set of more-precise element types that reasonably satisfy the requirements of all interchange partners.

      

      	
        Because DOCTYPE declarations are properties of documents, there is no way to guarantee that a document that points to a particular external declaration set by use of a particular public identifier or URN or absolute URL does not either add new element types and attribute unilaterally or otherwise reconfigure the base declarations through local parameter entities. Using a particular public or system ID for the external declaration set does not guarantee that the actual declarations used match any other copy of the declaration set. This means that DOCTYPE declarations, in particular, cannot be relied upon to indicate what may or may not be encountered in a given document. XSD schemas and other constraint mechanisms that are not part of the document itself are a bit better, in that a document cannot unilaterally modify an XSD or RelaxNG schema used by reference.

      

      	
        XML, unlike SGML, does not require the use of DOCTYPE declarations or any other document grammar definition or constraint definition (XSD schema, RelaxNG schema, etc.). Thus, systems should be architected so as to accommodate documents that do not themselves explicitly contain or point to some sort of schema. In SGML that was at least the requirement that a document declare some sort of document type, even if it was actually meaningless and unreliable to do so. XML correctly abandoned that notion. But it means that it must be possible for a document to carry all of the information needed for a processor to associate the appropriate typing and constraint checking to the document. Namespaces can partly serve this but are not sufficient because a namespace declaration tells you nothing about the vocabulary to which that namespace might be bound (and namespaces were never intended to do so). Namespaces simply serve to make names globally unique and, as a side effect, provide the opportunity of associating schemas with elements by locally associating schemas with namespaces. But that namespace-to-schema association is entirely a property of the local processing environment—it is not a property of the document itself.

      

      

    In short, the idea that you could define single DTDs for non-trivial documents that would then enable blind interchange was naive at best and disingenuous at worst. The SGML and XML community has proven through painful experience that monolithic "interchange" DTDs simply do not work to enable smooth, blind interchange. Interchange can be done but at significant cost and impedance. With transforms and documentation and countless person hours spent in analysis and DTD design, people have been able to get documents interchanged but not in a way that could be in any way characterized as "blind". In general where interchange has been made to work, it has involved some combination of:

      	
        Limiting the specificity of markup such that the DTD can be reasonably documented and implemented but the markup lacks the precision needed for many requirements, including both important semantic distinctions as well as DTD-level enforcement of rules.

      

      	
        Limiting the scope of the markup to limit the size and complexity of the document type, necessarily creating gaps between requirements of individual interchange partners and the interchange DTD.

      

      	
        Building complex and expensive-to-maintain validation applications that attempt to check rules that cannot be enforced by the DTD (because of the generality constraint).

      

      	
        Building complex and expensive-to-maintain data cleanup or data transformation systems that attempt to normalize data from different sources into a single consistent form.

      

      	
        Either disallowing all extension to ensure 100% consistency of markup across documents (S1000D) or allow unconstrained extension (DocBook, NLM, etc.). In the first case either the DTD must grow to be a true union of all known requirements or some participants will necessarily not have important requirements met, usually forcing these partners to use a custom DTD internally in order to meet local requirements. In the second case, the use of extended DTDs is essentially the same as the use of arbitrary custom DTDs as there is no way to know how any two extensions relate either to each other or to the base DTD simply by inspection of either the DTD declarations or document instances. 

      

      

    All of these reactions tend to limit the utility of interchange DTDs relative to the cost of simply mapping to and from the individual document types of the various interchange partners. Where interchange has been made to work at all it is usually because one of the trading partners has a significantly more powerful role relative to the other partners, for example Boeing or Airbus relative to their suppliers or PubMed Central relative to individual publishers. These large players can both impose constraints and business rules and also fund and maintain the tooling needed to enable interchange.

    But where the interchange community does not have such a major player, then the value of the interchange DTD is much lower. The example here would be DocBook, where you have many relatively small users using DocBook with no single large player imposing some particular consistency of use across the many users of DocBook. Because DocBook both reflects a wide range of requirements and a general approach of generality over specificity, the range of application of DocBook to the same information challenge is quite wide. In addition, DocBook allows unilateral and unconstrained extension from the base DocBook DTD. This means that there is no formal or automatic way to know how any two DocBook-based documents relate to each other. (To be fair, blind interchange was never an explicit or primary requirement of DocBook as a standard.)

    While an invariant monolithic DTD that satisfies all requirements of all interchange partners would enable this form of blind interchange, it is obvious that such a DTD is impossible in practice. Likewise, unconstrained extension as provided by DTDs like DocBook and NLM don't enable blind interchange because at a minimum Partner A has to transmit knowledge to Partner B about how Partner A's DTD differs from the base standard and, quite likely, provide processing components for processing that content. At that point, there is no useful difference between using the standard for interchange and using arbitrary DTDs, as the difference is only one of degree, not kind (do I have to transmit a lot of knowledge or a little knowledge?): in both cases you have to describe the markup details and, usually, provide supporting code or, lacking code, impose on Partner B the cost of implementing support for the new or different markup. Likewise, there is no guarantee that the data from Partner A will be composable with the data from Partner B such that B could re-use data elements from A directly in their existing documents, either by copy or by reference. 

  
  
    DITA's Approach: Modular Vocabulary Composition and Controlled Extension

    The DITA approach flips the solution around. Rather than attempting to enable interchange by imposing constraints top-down through a monolithic document type that attempts to reflect the union of known requirements that can be met within the scope available, it imposes constraints bottom up in a way that enables local extension and configuration while ensuring that all conforming DITA documents can be usefully and reliably processed by all conforming general-purpose DITA processors. In the best case, interchange among partners requires nothing beyond the agreement to use conforming DITA documents. In the usual case, partners only need to interchange knowledge of locally-defined markup where that markup is of interest to the receiving partner and only need to interchange supporting processing where the locally-defined markup requires unique processing (that is, its semantic distinction also implies or requires a processing distinction of some sort).

    DITA does this by moving the focus from document types to vocabulary "modules" assembled or composed into distinct document types, coupled with two controlled extension mechanisms: constraints and specialization. 

    DITA defines a general architecture to which all DITA documents must conform and from which all DITA vocabulary must be derived. However, DITA does not limit the ability to define new vocabulary or combine existing vocabulary modules together in new ways, as long as the new vocabulary or module combination conforms to a few constraints.

    A document is a conforming DITA document if the vocabulary it uses conforms to the DITA architecture, irrespective of the specific element types used in the document. There is no sense in which DITA defines "a" document type. Rather, it enables an infinite set of interoperable document types based on a base architectural model. It also enables automatic comparison of document types to determine "compatibility" and therefore the degree to which content from one DITA document may be directly used by reference from another DITA document.

    All DITA vocabulary is based on a small set of base types that define the basic structural and semantic rules for DITA documents. The base types are sufficiently general to allow almost unconstrained variation in how they are adapted to specific markup requirements so that there will always be a way to meet any reasonable markup requirement. In order to make the mechanism work the DITA architecture must impose a few arbitrary rules but those rules are not particularly limiting.

    While the DITA standard defines a number of vocabulary modules in addition to the base DITA types, these modules are not mandatory (no conforming DITA document is required to use or reflect any of these modules). Likewise, the various document type definitions defined by the DITA standard or provided by the DITA Technical Committee are not mandatory and simply serve as examples or convenience for DITA users. So while the DITA standard may appear at first glance like just another monolithic DTD standard, it is absolutely not one.

    
      Document Types are Unique Sets of Modules

      In DITA a "document type" is nothing more or less than a unique set of vocabulary and constraint modules. Each DITA document declares, through an attribute on the document element (@domains), what set of modules it uses. Two documents that declare the use of the same set of modules have the same document type. DITA does not require the use of any particular schema technology nor does it require the use of any particular document constraint specification or grammar. That is, DITA does not require the use of DOCTYPE declarations or XSD schemas or any other form of formal constraint specification.

      DITA document types are composed of two types of module: vocabulary modules and constraint modules. Both types of module have globally unique names (or at least unique within the expected scope of interchange) and are invariant. 

      Modules are invariant in that modules may not be modified directly, meaning that all copies of a given module should define exactly the same set of element types or constraints. There is no sense in which a given module may be directly extended in the way that say the DocBook or NLM DTDs can be extended. It means that you don't need the actual declarations of the module, in whatever schema language they might exist in, you only need the documentation for the module to know what rules the use of the module implies. Compare this with DocBook, where knowing that two documents are "DocBook" documents tells you nothing reliable about what rules those two documents reflect, because there is no way to know, without inspecting the actual declaration sets used by the two documents, what markup rules are actually defined.

      Vocabulary modules define element types and attributes. Constraint modules define modifications to content models and attribute lists in vocabulary modules in order to make those content models more constrained than the base. There is no mechanism in DITA by which content models can be made less constrained than the base model (that is, you cannot unilaterally add new element types in places where the type—or its base type—is not already allowed). 

      This restriction ensures two things:

        	
          All general DITA processors are assured they will never encounter element types they do not understand nor will they encounter combinations of elements that are completely unexpected.

        

        	
          For any two documents of the same base type, the elements in the more-constrained document will always be compatible with the elements in the less-constrained document. In the case where both documents have "compatible" document types, the contents of both documents are always compatible with each other.

        

        

      Because there can be no surprises about the structures that might be encountered in a given DITA document and because vocabulary and constraint modules are invariant it is therefore sufficient for documents to simply declare the names of the modules they use. There is no direct value in having literal declarations for those modules in order to enable processing, only to enable syntactic validation and authoring convenience. At least in theory, a DITA processor could have built-in knowledge of all markup details for a given set of modules and thus do validation without reference to specific DTD or XSD declarations. Of course in practice it's easier to just implement the schema using normal XML tools. But it is not required.

      Because of the @domains attribute, along with several DITA-defined declaration attributes (@class chief among them), all conforming DITA documents are completely self-describing with regard to the information needed to understand and process those documents in terms of their DITA nature and the base semantics defined in the DITA standard. Thus, DITA documents do not need any form of document type declaration other than the @domains attribute on the root element and @class attributes on each element.

    
    
      Vocabulary Extension through Specialization

      The modular vocabulary mechanism addresses one part of the interchange problem: How to know if you can process or reuse a given document?

      However, is does not by itself address the problem of how to add new vocabulary in a way that does not break existing processing or require communication of new knowledge.

      DITA addresses this second problem through the specialization facility.

      The DITA specialization facility allows new element types and attributes to be formally derived from base types, where all new elements must be ultimately specialized from one of the fundamental base types defined by the DITA standard. Thus all DITA vocabulary represents a type hierarchy with a common ancestry. This is roughly analogous to a language like Java where all object classes ultimately subclass one of the fundamental classes defined by the Java language.

      The main constraint imposed by specialization is that specialized element types and attributes must be at least as constrained as their direct ancestor type. For example, given the base type <foo> with a content model of (a | b | c)*, the element type <bar> that is a direct specialization of <foo> may have as its content any content model from "EMPTY" (as all of the items are optional), to any one of the items <a>, <b>, or <c>, to the content model (a, b, c), and of course the same content model as the base: (a | b | c)*. It cannot, however, have a content model of (a | b | c | d), because that would be less constrained, unless the element type <d> is itself a specialization of one of <a>, <b>, or <c>. Likewise, if the content model of <foo> required an element, <bar> would not be able to make that element optional. Finally, the content model of <bar> could consist entirely of elements that are specializations of any of <a>, <b>, or <c>.

      The fact that one element is a specialization of another is defined through the common @class attribute, which lists the entire specialization hierarchy of the element. For example, if the element type <foo> is a specialization of <p> from the topic vocabulary module, then the @class value of the <bar> element would be: "- topic/p module-1/foo module-2/bar ", specified on each <bar> instance like so:
<bar class="- topic/p module-1/foo module-2/bar ">
 <a>A bar</a>
</bar>

      The value of the @class attribute is a sequence of module-name/element-name pairs, where the module names correspond to the names of modules as declared in the root element's @domains attribute.

      The @class attribute thus ensures that any DITA-aware processor will be able to understand any element at least in terms of its base type (topic/p in this case), if not in terms of its more specialized types. That means that all DITA documents can be usefully, if not always optimally, processed by any general-purpose, specialization-aware DITA processor.

      Because general-purpose DITA processors can usefully process any DITA document, regardless of how specialized or constrained it is, it means that DITA documents can be blindly interchanged among interchange partners who have such processors with full assurance that they'll always be able to do something with those documents, even if their processors don't understand specific specializations in the content.

    
  
  
    Reuse and Document Type Compatibility

    The point of interchanging DITA content is not just to be able to process it but to do something new and interesting with the content interchanged. That is, we can presume that you have acquired the DITA content so that you can then do something more with it than simply generate various outputs, since you could have simply requested the outputs themselves and saved the expense of generating them.

    DITA provides two mechanisms for combining content into new publication structures: maps and content references.

    DITA's map mechanism uses documents consisting of only hyperlinks (DITA maps) to organize maps and content objects ("topics") into arbitrary hierarchies. The only requirement for the use of a given topic by a given map is that the topic be a valid DITA topic document. The vocabulary and constraint details of the topics used by the map are not relevant. (Maps can also use non-DITA resources, whether XML-based or non-XML but of course DITA can only guarantee interoperability of DITA documents.)

    DITA's content reference mechanism ("conref") uses direct element-to-element links within topics (or maps) to establish use-by-reference relationships such that the referenced element becomes the effective value of the referencing element. It is similar to, but more sophisticated than, XInclude and similar link-based use by reference mechanisms.

    Because conref results in new effective documents (either virtual or literal depending on how the processing is implemented), DITA imposes constraints on what may reuse what in order to ensure, as much as possible, that the effective result is valid in terms of the constraints governing the referencing context. In particular, a document can only use content that is at least as constrained and at least as specialized as itself (meaning that a more-constrained document cannot use content from a less-constrained or less-specialized document). This rule is defined in terms of the vocabulary modules used by both documents, not in terms of the individual content models or instance data involved.

    Thus, while there may be cases where less-constrained data would in fact be valid in a particular use instance, DITA does not attempt to determine compatibility on a per-use-instance basis. Not only would that require access to formal definitions of all the content models involved, it would require complex and expensive processing for only marginal gains in practice.

    Rather DITA uses the module use declarations in the @domains attribute to compare the modules used in two documents to determine if they are compatible for the purposes of content reference.

  
  
    DITA Self Description and Processing

    In the most extreme case of blind interchange a system is presented with a document, with no advanced preparation or configuration for the document's specific document type, with the expectation that the system can first determine what type of document the document is and second apply appropriate processing or determine and clearly report that it is either not able to determine the document type  or recognizes the document type but determines that the document uses facilities or has content that it does not know how to process. 

    For example, XML content management systems should be capable of attempting ingestion of any XML document of any sort and, when the document is recognized as being of a known type, automatically do whatever is necessary to ingest and manage that document.

    For this level of automation to be possible, documents and their components must be sufficiently self descriptive so as to allow a system to determine the document's type and, where appropriate, understand how to handle individual elements and attributes within the document. XML documents are inherently self-describing as XML as long as they have an XML declaration but beyond that more is required. If we accept that requiring the use of a DOCTYPE declaration or XSD schema reference or any other form of reference to an external schema is neither acceptable nor possible to enforce in the general case, then it follows that any self-description mechanism must use normal document markup.

    All DITA documents are self describing in several important ways, none of which depend on the use of any form of document schema or grammar declaration. The self-description features are:

      	
        The @dita:DITAArchVersion attribute, which is required on the root element of all DITA documents. This attribute nominally specifies the DITA version the document conforms to (1.0, 1.1, 1.2, etc.) but really serves as an excuse to declare the DITA namespace on the root element. This serves to unambiguously signal that this document is a DITA document.

      

      	
        The @domains attribute specifies the set of vocabulary and constraint modules used by the document and how they relate to each other. This attribute serves to define the document type of the document (that is, a unique set of modules) and enables comparison of document types for compatibility in order to enforce content reference rules or to determine whether or not a given processor understands all the vocabulary modules used in the document (and therefore provide clear reasons for not being able to process a given document when it does not understand all the modules).

      

      	
        The @class attribute specifies, for each element instance or specialized attribute, it's place within the DITA type hierarchy. This allows processors that understand at least all the base DITA types to process all DITA elements, no matter how specialized, in terms of the base DITA types.

      

      	
        All DITA documents must have as their root element one of the element types <dita>, <map>, <topic> or a specialization of <map> or <topic> (the <dita> element is the one DITA element type that cannot be specialized).

      

      

    Taken together, these three self-description mechanisms mean that general-purpose processors can be constructed without too much effort that can do the following when presented with any conforming DITA document with all attributes explicit (or defaulted via a DTD or XSD), no matter how specialized or what set of modules it uses:

      	
        Determine that the document is a DITA document, by looking for the @dita:DITAArchVersion attribute. If this attribute is found, the document must be a DITA document.

      

      	
        If there is no @dita:DITAArchVersion attribute on the root element but there is a @class attribute whose value matches the pattern for DITA @class values and the root element is <dita>, <map>, <topic> or a specialization of <map> or <topic>, the document is almost certainly a DITA document.

      

      	
        If the document is a DITA document, apply general DITA processing to the document, whatever that processing might be, with no additional configuration, with the assurance that, if the document is a valid DITA document, that the processing will succeed.

        Note that "valid" in this case doesn't mean "schema valid" it means "conforms to the requirements of the DITA standard", not all of which can be enforced by a schema even when one is used.

      

      

    With the possible exception of HTML, there is no other XML application for documentation that allows both action (3) and allows definition of arbitrary new vocabulary.

  
  
    Applying the DITA Approach More Widely

    The DITA modular vocabulary and specialization facilities could be applied to any XML application regardless of domain of application. While the particular implementation details used in DITA 1.x of @domains and @class may not be appropriate for other XML applications, the concept of modular vocabularies and controlled extension could be applied. In particular, the DITA 1.x @class attribute syntax does not accommodate namespaces in any satisfying way (other than requiring the use of specific prefixes). Any more general class-like mechanism would need to use a syntactic approach that fully supports namespaces. Designing such a mechanism will be a major focus of the DITA 2.0 activity (unless the DITA Technical Committee arrives at a solution that is backward compatible with the current 1.x syntax as part of the DITA 1.3 development activity under way now).

    The main practical challenge is applying the necessary constraints to existing markup design where the markup was likely not originally designed either as a hierarchy of strictly-related types or to enable specialization by avoiding unnecessary constraints in base types. Because DITA must impose some constraints on content model design, it is usually not possible to take non-trivial document types and simply add @class attributes to the existing element types and make them conforming DITA documents—there will almost always be some amount of adjustment to structural models required. Even in the case where the requirement is not to conform to existing DITA structural models but simply to enable specialization from some set of base models reflecting the design of the existing document type, it will likely be the case that element types that are conceptually specializations of a newly-defined based type will not be structurally compatible with the base types, requiring adjustment or normalization of content models. This means that applying DITA directly or a DITA-type architecture will usually require creating a new non-backward compatible version of the existing document type. As in any such endeavor, the cost must be balanced against the benefit, but I assert that the potential benefit is quite large.

    DITA's out-of-the-box vocabulary, while well adapted to the specific requirements for which DITA was originally designed (authoring and production of modular technical documentation optimized for online and dynamic delivery), is certainly not limited to that particular use and can be usefully applied to essentially any type of document or documentation. Therefore, new XML standards could be DITA-based without limiting their ability to define appropriate vocabulary. That is, one can assert that there is no reason not to make all new documentation-related XML document types DITA-based.

    However, there are well-established applications in specific subject or application domains, such as NLM, that reflect person-decades of markup design and that are well established within their communities of use. It would be counter-productive to suggest or require that those communities replace their existing document types and infrastructure with a new DITA-based application just to get the interchangeability of DITA. It makes more sense to adapt the DITA concepts of modular vocabulary and specialization to those existing applications, preserving the existing investment in knowledge and infrastructure while lowering the cost of implementation and interchange, raising the value of the content that uses those vocabularies.

  
  
Notes
Procedural constraints (that is, validation applications) can of course check arbitrary rules given implementation time, but, as processors, validation applications suffer the same problem as any other processing component in an XML processing system: they are sensitive to the markup details and therefore cannot reliably work for unknown document types in the absence of something like DITA's specialization facility. 

          
View note in Notes section

	[1]Procedural constraints (that is, validation applications) can of course check arbitrary rules given implementation time, but, as processors, validation applications suffer the same problem as any other processing component in an XML processing system: they are sensitive to the markup details and therefore cannot reliably work for unknown document types in the absence of something like DITA's specialization facility. 
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				high quality bidirectional transformations between XML and JSON. Previous approaches
				provide for only a single mapping intended to cover all cases, but generally cover
				few cases well. JXON uses Schema and annotations to allow highly customizable
				transformations that can be tuned for individual schemas, elements, attributes and
				types yet still be easily configured.
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		Introduction - JXON

		JXON is both a design architecture and a reference implementation of a tool for JSON[1]/XML [2] transformations. Unlike other XML/JSON transformation architectures and
			tools, JXON attempts to fulfill the needs of both XML and JSON authors and developers
			equally. 

		JXON provides the ability to easily describe both unidirectional and bidirectional XML/JSON
			transformations that produce markup which authors of that particular format would like
			to use.

	
	
	
		Diving In

		To get a quick idea of the problem that JXON is attempting to solve consider the following
			pair of documents representing the same information in XML and JSON.

		<BOOKS>
  <BOOK id="1">
    <TITLE>My Favorite Book</TITLE>
    <PRICE>1.23</PRICE>
  </BOOK>
  <BOOK id="1a">
    <TITLE>XML for Dummies</TITLE>
    <PRICE>5.25</PRICE>
  </BOOK>
  <BOOK id="3">
    <TITLE>JSON for Dummies</TITLE>
    <PRICE>200.95</PRICE>
  </BOOK>
</BOOKS>

		{ "BOOKS" : [ 
  { "id" : "1"  , "title": "My Favorite Book" , "price" : 1.23 },
  { "id" : "1a" , "title": "XML for Dummies"  , "price" : 5.25},
  { "id" : "3"  , "title": "JSON for Dummies" , "price" : 200.95 }
]}


		The XML and JSON are both in styles which a native author of that markup type may wish to
			use. It appears that there is an obvious and simple mapping between the formats, and in
			fact there should be a simple reversible lossless transformation so that given a
			document in either XML or JSON it could be transformed to the other format and back and
			end up identical. This seems like such a simple problem not even worth discussing. But
			in reality there are no existing tools which can actually do this generically without
			hand coding a transformation, both directions, in one or more programming languages. The
			resulting code in say XSLT[3] or JAVA[4]
			could be very large and tedious to write. Furthermore
			such code may not easily be reused for a new document schema.

		There are many subtleties to this problem. Just a few to think about that highlight the
			issues:

		
					
					How would a translation know to consistently use a string value for "id" and "title" but
						a numeric value for "price"?

				

					
					Where does the "BOOK" element come from when translating to XML?

				

					
					How does the JSON to XML transformation code know to make "id" into an attribute in XML
						but not price or title? 

				

					
					How does the XML to JSON translation know to construct an array in JSON?

				

					
					Where does the name conversion rule for "TITLE" vs "title" and "PRICE" vs "price"
						occur?

				

			

		
			As a comparison the default XML to JSON transformation from json.org produces the
				following JSON 

{
 "childNodes": [
  {
   "childNodes": [
    {
     "childNodes": ["My Favorite Book"],
     "tagName": "TITLE"
    },
    {
     "childNodes": [1.23],
     "tagName": "PRICE"
    }
   ],
   "id": 1,
   "tagName": "BOOK"
  },
  {
   "childNodes": [
    {
     "childNodes": ["XML for Dummies"],
     "tagName": "TITLE"
    },
    {
     "childNodes": [5.25],
     "tagName": "PRICE"
    }
   ],
   "id": "1a",
   "tagName": "BOOK"
  },
  {
   "childNodes": [
    {
     "childNodes": ["JSON for Dummies"],
     "tagName": "TITLE"
    },
    {
     "childNodes": [200.95],
     "tagName": "PRICE"
    }
   ],
   "id": 3,
   "tagName": "BOOK"
  }
 ],
 "tagName": "BOOKS"
}

			Note some non-ideal artifacts of this transformation (which are common among
				existing tools)

			
						
						Inconsistent typing of the "id" value

					

						
						Very verbose and complex JSON representation

					

						
						JSON arrays where simple values should be used

					

						
						Pairs of 'name/value' members where native JSON member names should be
							used. 

					

						
						Unnecessary distinctions between how attributes and child elements are
							serialized.

					

				

			Other existing tools attempt to solve this problem various ways, optimizing for
				either XML or JSON and often making simplifying assumptions which are valid for only
				some kinds of documents. The results can be good for some special cases but overall
				there is no existing solution that provides good transformations that work equally
				well in both directions for a wide variety of documents and produce markup close to
				what a human author would want to create or use.

		
			JXON attempts to solve this problem


		
		
		As an example, the following is an RNG[5] Compact Notation schema which fully describes both the schema and rules
				for the bidirectional lossless transformation for the example above. This is all
				that is needed for JXON to produce both XML to JSON and JSON to XML transformations.
default namespace = ""
#<jxon:pattern name="simple"/>
grammar {
start =  Books

#<jxon:children wrap="array"/>
Books = element BOOKS { Book+ }

#<jxon:json_name omit="true"/>
Book = element BOOK {
      attribute id { xsd:NMTOKEN },
      Title, 
      Price
}
#<jxon:json_name name="title"/>
Title =    element TITLE { text }

#<jxon:json_name name="price"/>
Price = element PRICE { xsd:decimal }
}
And the equivalent schema in XSD using Annotations instead of comments.

		<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" elementFormDefault="qualified"  xmlns:jxon="http://www.xmlsh.org/jxon">
  <xs:annotation> <xs:appinfo>
      <jxon:pattern name="simple"/>
    </xs:appinfo>
   </xs:annotation>
  
  <xs:element name="BOOKS">
    <xs:annotation > <xs:appinfo>
        <jxon:children wrap="array"/>
      </xs:appinfo>
     </xs:annotation>
    <xs:complexType>
      <xs:sequence>
        <xs:element maxOccurs="unbounded" ref="BOOK"/>
      </xs:sequence>
    </xs:complexType>
  </xs:element>
  
  <xs:element name="BOOK">
    <xs:annotation> <xs:appinfo>
        <jxon:json_name omit="true"/>
      </xs:appinfo></xs:annotation>
    <xs:complexType>
      <xs:sequence>
        <xs:element ref="TITLE"/>
        <xs:element ref="PRICE"/>
      </xs:sequence>
      <xs:attribute name="id" use="required" type="xs:NMTOKEN"/>
    </xs:complexType>
  </xs:element>
  
  <xs:element name="TITLE" type="xs:string">
    <xs:annotation> <xs:appinfo>
        <jxon:json_name name="title"/>
      </xs:appinfo></xs:annotation>
  </xs:element>
  
  <xs:element name="PRICE" type="xs:decimal">
    <xs:annotation> <xs:appinfo>
        <jxon:json_name name="price"/>
      </xs:appinfo>
   </xs:annotation>
  </xs:element>
</xs:schema>


		
	
	
		JSON/XML what's the problem?

		JSON has become a very popular and useful markup language among some developers and
			use cases, particularly in browser and mobile applications. These developers require
			JSON to be delivered from and to services which often use XML as their back end data
			model. This support requires clean and robust transformations of XML to and from JSON.
			Because of subtle but significant differences in both the data model and the
			serialization format this transformation is either done by hand coding, or by
			sacrificing the clarity of the markup on either the JSON or the XML.

		JSON and XML are conceptually similar. They are both text based markup languages designed to
			represent data in a format which is human readable, interchangeable across environments
			and parseable by most programming languages. On the surface they seem quite similar,
			with the major apparent difference being a slightly terser notation for JSON for simple
			things (lack of end tags). There are many mappings between JSON and XML, and programs
			that implement those mappings. This, in theory, allows one to choose the markup and
			tool-set of your choice and transform it to the other at will. Servers that store XML
			data can produce JSON data for clients that need it, and visa-versa.

		Reality, unfortunately, is not so simple. JSON and XML are fundamentally (and often
			subtly) incompatible in their abstract data models. They are both sufficiently rich that
			they can describe each other's data model, so creating a mapping from arbitrary XML to
			JSON and visa-versa is possible but the result can be very complex.
			This has led people to design mappings which accommodate only a subset of XML or
			tailored to particular schemas.

		
			Anonymous values

			JSON values are anonymous. They only acquire names by being referenced in an object (map).
				For example, the following is a valid JSON
				document.

	"Hello World"	

 The analogous XML
				document would need a root element with child text content or perhaps an
				attribute.
	<root>Hello World</root>
or
	<root value="Hello World"/>

			 In the degenerate case this means entire JSON documents can be composed of single
				(or arrays of) anonymous values which have no direct mapping to the XML data
				model.

			When mapping JSON to XML this additional markup cannot generally be derived from
				the JSON data itself, but rather needs external rules to decide on the approach.
				When mapping XML to JSON the presence of an element with text children or attribute
				value may not necessarily imply creation of an anonymous JSON value, but rather the
				element and attribute names are commonly used to create named members of JSON
				objects such as
				

	{ "root" : "Hello World" }
					or
	{"root" : { "value" : "Hello World" }}


		
		
			Arrays

			JSON has a native representation of arrays which does not exist as native types in
				XML. XSD Schema has support for values which can be interpreted as tokenized lists,
				but there is no direct markup for an array of objects. Arrays can be represented in
				XML in several ways ; repeated elements, repeated elements grouped by a common
				parent, usefully named attributes, usefully named elements and tokenized strings. 

			For example the following JSON array 

			
	[ 1 , "String" ]

 Could be represented in XML as any of
				the following (and many other ways) 

			
	<array>1 String</array>
	
	<array><entry>1</entry><entry>String</entry><array>
	
	<array entry1="1" entry2="String"/>
	
	<entry>1</entry><entry>String</entry>


			Mapping XML to JSON arrays is possible but since there is no single mapping, and since XML
				semantics by itself doesnt indicate array representation, one must know via external
				information to treat specific XML markup as a JSON array. Given any of the above
				examples, its not obvious that they should be mapped to a JSON array as opposed to
				some other JSON structure (such as a simple value or object).

		
		
			Implicit Types (e.g. "Duck Typing")

			JSON values make use of implicit types which can be inferred by the serialization
				format. For example 1 is a Numeric type, while "1" is
				String type. This is common in programming languages, but not as common in markup
				languages. In XML, without a schema, the token 1 is xs:anyType and it's
				up the application to infer a type (possibly using a schema, or up to application
				logic).

			This leads to problems mapping XML to JSON. When a plain character string value
				from XML is mapped, what JSON type should be used? It's tempting to use the value
				instance to deduce the type, but this could be very dangerous. An application may be
				expecting string types and if one instance happens to translate 1 to a
				numeric type because it looks like one, and another translates "one" to a string
				this could break the application.

			Translating atomic values from JSON to XML is not as problematic as generally
				typing can simply be ignored because the serialization format for string and numbers
				is the same in XML, although other atomic types like boolean, dates etc can be more
				problematic.

		
		
			Identifiers

			JSON allows any string as a identifier (Object member name). XML is much more restrictive
				for identifiers. Translation of XML identifiers (element and attribute names) to
				JSON member names causes few problems, but the reverse can lead to invalid XML. For
				example "a value" is a valid member name in JSON but not a valid attribute or
				element name in XML

		
		
			Namespaces

			XML supports namespaces, while JSON does not. Mapping QNames in XML with
				namespaces to member names in JSON can lead to ambiguous, complex or duplicate
				names. Translating member names in JSON to XML QName may lose namespaces.

		
		
			Processing Instructions

			XML supports Processing Instructions, which are absent from the JSON data
				model.

		
		
			Attributes

			JSON has no concept or representation for Attributes (as distinct from other
				values).

			When mapping XML to JSON, attributes are often translated to named object members
				(along with child elements). When mapping JSON to XML it requires external knowledge
				to determine when to map members to attributes.

		
		
			Character Set

			JSON supports a broader set of text characters (Unicode code points) then XML. For
				example JSON supports the NUL character ('\0') whereas NUL is invalid in XML even if
				encoded as an entity (&#0;). This implies that JSON character data cannot be
				mapped to XML character data losslessly without application specific
				encodings.

		
		
			Comments

			XML directly supports comments while JSON does not. Comments were originally
				allowed in JSON but Douglas Crockford removed them [6]

			Comments could be encoded in JSON using special object member names (such as
				"_comment") requiring application support to understand these were comments and not
				data.

			A common case is to simply strip comments from XML when mapping to JSON, and to
				not insert comments when mapping JSON to XML.

		
		
			Document Node

			JSON does not have a Document Node, where XML does. This is generally not problem in
				practice as the XML Document Node is usually implicitly created in the model, and
				has no textual representation.

		
		
			Serialization

			The text Serialization format for JSON and XML differ significantly. Often the
				serialization format is the main focus of JSON vs. XML mappings. I assert that the
				serialization format is completely irrelevant for purposes of mapping and
				transformations; the formats are well defined and there exist a large number of
				implementations which can parse and serialize XML and JSON. If one focuses instead
				on the abstract data model, the issue of serialization (both parsing and generation)
				becomes a trivial implementation issue.

		
		
			Encodings

			Related to the Serialization format, encodings for JSON and XML can differ. JSON is defined
				to support only the UTF-8 encoding while XML can use many different encodings. Like
				serialization, I assert that encoding is irrelevant. If one works with the JSON and
				XML abstract data Models instead of their serialization and encoding formats these
				issues disappear. 

		
	
	
		Existing Designs and Implementations

		There are many existing models, designs, and implementations for translating XML to
			JSON, JSON to XML or both. The advantages and limitations were considered in the design
			of JXON. These include (but not limited to) the following

					
					The JSON to XML converter from json.org jsonorg

				

					
					JSONx jsonx

				

					
					Badgerfish badgerfish

				

					
					Rabbitfish rabbitfish

				

					
					JSON Markup Language (JsonML) jsonml

				

					
					XSLTJSON, XML to JSON using XSLT xsltjson

				

					
					XML to JSON jQuery Plugin jquery

				

					
					Boomerang - A bidirectional programming language for ad-hoc, textual data.
							boomerang

				

					
					XSugar - Dual Syntax for XML Languages xsugar

				

					
					OGF Standards: Data Format Description Language (DFDL) dfdl
					

				

					
					MLJSON - An XML Facade over JSONmljson

				

			

		
			Limitations of existing implementations

			Existing implementations and designs share many common limitations which make them
				less then ideal for many use cases. The existing models tend to fall into these use
				cases.

			
					
					Represent arbitrary JSON in an XML format

				

					
					Represent arbitrary XML in a JSON format

				

					
					Convert XML to JSON in a JSON friendly format

				

					
					Convert JSON to XML in a XML friendly format

				

			

			In cases where round tripping is a goal inevitably either the JSON or the XML end
				up being very "non friendly". Conversely mappings to "friendly" formats tend to lose
				too much information to support round tripping (or only in a small subset of
				documents).

			All investigated designs have fixed rules that apply either globally, or if
				configurable, to an entire document. None of the designs can adjust the mapping
				rules localized to portions of a document.

			The major limitations which JXON attempts to address include the following.

						
						Single model for all documents and parts of documents

						Most implementations impose a single model for transformation for all
							documents and parts of documents. They attempt to fit a single pattern
							for all uses. This "one size fits all" approach ends up being "one size
							fits nothing", as every mapping imposes some compromises, whether its
							information loss, usability or applicability to a particular use. Since
							different use cases may accept different sets of compromises, trying to
							fit a single transformation mapping for a large set of use cases ends up
							with a poor fit for most of them.

					

						
						JSON or XML Centric

						Some designs focus on producing JSON from arbitrary XML, others on
							producing XML from arbitrary JSON. The result is that one side or the
							other is "stuck" with the artifacts of the mapping and do not end up
							with a document in a format which would be natural for markup developers
							in that language. JXON attempts to produce bidirectional transformations
							to "friendly" formats in each directly equally.

					

				

		
	
	
		Rationale and Use Cases

		JXON is based on the assumption that there are real world needs for a JSON/XML
			transformation. Why is there such a need? Many existing systems work just fine using XML
			or JSON by itself with no need of an alternative representation for data. The problems
			which JXON is intended to address arise when data crosses domains. Due to technical and
			as well social reasons domains have evolved which embrace either XML or JSON almost
			exclusively. XML has largely been adopted by the enterprise and content storage domains,
			as well as enterprise messaging. JSON has evolved into the browser and mobile space
			which started using XML but have changed over the last decade to be almost entirely JSON
			based. The problem is when these domains need to exchange data. One solution is to
			simply produce data in the format required at the point of request. This is a feasible
			solution when the data is dynamically generated (computed data, simple messaging, data
			residing in-memory in native language structures), or exists in an entirely separate
			format to begin with (such as relational data). In many cases, however, data already
			exists in XML or JSON in one domain and needs to be exchanged with another domain. For
			example a document may exist in XML form on a server and needs to be deployed to a
			browser or mobile device in JSON format. One approach to this problem is to try to
			"push" one's domain format into the other's domain. For example, if clients require JSON
			documents then simply store the JSON format on the server. This can work when there is
			really no compelling reason to have XML on the server in the first place, and has
			spawned the growth of JSON databases. Alternatively one can try to force clients to
			accept XML because that is the format on the server. 

		I argue that it is preferable in many cases to accept that there are compelling
			reasons for each domain to want data in its own format, and to provide for a
			transformation from one format to another closest to the point of the domain boundary.
			This allows the tools already in use in the particular domain to work with their
			'native' format and to minimize the impact of format differences to domain boundary
			layer. This way neither domain needs to make compromises in design and implementation to
			satisfy issues of a different domain. 

		JXON is designed to make that boundary crossing as easy as possible and with as few
			compromises as possible.

		
			Categories of Transformations

			There are several major categories of JSON/XML transformation problems which are
				really subsets of functionality. Not all use cases require all levels of
				functionality but by supporting the most stringent requirements implicitly creates
				support for the rest. In general there is a correlation between information fidelity
				and the category of transformation. For example a unidirectional XML to JSON
				transformation may lose significant amounts of information (and yet still be
				useful). While a full round trippable transformation, by its very nature, must
				maintain a maximum amount of information in either the instance documents or the
				transformation logic. Note that these transformation categories are not specific to
				XML and JSON but apply equally well to any kind of document formats.
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Figure 1.Types JSON/XML transformationsTypes of JSON/XML transformations


			
				Unidirectional Transformations

				Some transformations are unidirectional; information goes
					only one way. Unidirectional transformations may have a wide range of
					information fidelity, but are often useful with significant information loss.
					Some unidirectional transformations are generic, that is the rules are static
					and do not depend on the source or target schemas. Other transformations may be
					tailored for specific source and target document schemas.

			
			
				Bi-directional Transformations

				Bi-directional support transforming in both directions (from XML to JSON or
					JSON to XML).

			
			
				Round trip transformations

				Round trip transformations are a special kind of bi-directional
					transformations that attempt to produce semantically equivalent documents after
					transforming from one format to another then back.

			
		
		
			Use Cases for XML/JSON transformations

			There are several use cases that require or benefit by one of the categories of
				XML/JSON transformations. The more useful cases are where the data in a domain not
				only is desired in a specific format, but also persist or may be manipulated by
				tools specialized for that format and that the data needs to be exchanged with
				another domain using a different format. Examples of good use cases for
				transformations include the following.

			
				Message passing

				Many enterprise systems operate on XML based messages. If these are to be sent
					to a domain needing JSON then the messages must be transformed from XML to JSON.
					Responses may come back in JSON and need to be transformed back to XML. In this
					case unidirectional transformations may be sufficient (one for requests and one
					for responses), although if the request and response correspond to the same
					schema then a bidirectional transformation may be better suited.

			
			
				XML Content Databases

				If data is stored in an XML Content database and JSON is required by a JSON
					consumer then transformation from XML to JSON is needed. If JSON producer
					requires data to be stored in an XML Content database then it needs to
					transformed to XML. The transformations may or may not require round trip
					(lossless) transformations depending on the needs of the application.

			
			
				HTML/XHTML

				If data is in HTML format there are tools available to transform it to XHTML
					format. If that data is required in JSON then a XML to JSON transformation is
					required. The reverse is also possible, generating HTML from JSON.

			
			
				XML Schemas

				A schema language for JSON is being developed JSON
						schema but implementations at the time of this writing are sparse and
					the technology is immature. If a high quality JSON to XML transformation is
					available then XML Schema validation could be used to validate JSON documents.
					This would leverage the mature technologies for XML Schemas without having to
					reinvent them specific to JSON.

			
			
				Using XML technologies with JSON data

				Many XML technologies are very mature and powerful. Equivalent JSON
					technologies are only starting to be developed. There is simply no equivalent to
					tools like XSLT, XQuery[7]
					, XProc[8]
					, Schematron[9]
					for JSON.

				Use of a high quality XML/JSON transformation could allow use of XML
					technologies on JSON data without having to reinvent the entire XML ecosystem
					for JSON. This may require bidirectional transformations but not necessary round
					trip (lossless) transformations depending on the needs of the application. In
					the case where the source and target data are different schemas, a pair of
					unidirectional transformations is needed instead of a bidirectional
					transformation.

			
			
				Preexisting data

				There exists 'in the wild' a huge amount of preexisting content in XML format.
					This content could be made available to JSON oriented domains by the use of XML
					to JSON transformations instead of having to re-author the content directly in
					JSON. In cases where there is existing JSON content, or processes that produce
					JSON content only, that content can be made available to XML oriented domains by
					the use of a JSON to XML transformation instead of re-authoring the content.
				

			
			
				XML Standard Schemas

				There is a large body of XML standard schemas which have evolved over the last
					decade. They span a huge section of industry, research, academia and publishing.
					These schemas took significant effort to develop. By using a XML to JSON
					transformation this body of knowledge can be leveraged into a new markup
					technology without having to start from scratch.

			
			
				Developer Familiarity

				One of the big reasons for the different domains which have adopted JSON or
					XML is developer familiarity. Web and browser developers, having experience with
					JavaScript are more comfortable with JSON even on platforms where XML support is
					equal or even better. Similarly server and data processing developers are often
					more comfortable with XML even in use cases where JSON is well supported. If
					there is a technology which bridges XML and JSON easily and accurately then
					developers don't need to leave their area of familiarity.

			
		
	
	
		Design

		
			Goals

			The goals of this design are to address many of the limitations of existing
				implementations and to provide a simple method for customizing the transformation.
				At the same time it's recognized that not all limitations can be addressed, nor
				necessarily need be addressed, and that this design may not meet the objectives of
				everyone. The use cases See
				Use Cases for XML/JSON transformations were of particular use in focusing the design
				goals.

			
				Primary Objectives

				The following are the primary design objectives. Not all objectives can
					necessarily be met with the same transformation.

				
							
							Unidirectional and bidirectional transformations from a instance
								of a JSON document to an instance of an XML document.

						

							
							The option of lossless round trip transformations.

						

							
							The XML and JSON instances should be in a form which is desirable
								by XML and JSON developers respectively. 

						

							
							A simple method of modifying the transformation rules for parts of
								a document as well as the whole document for a class of
								documents.

						

							
							A pattern based rule system to allow specifying common patterns
								for mappings instead of having to code explicit details.

						

							
							Implicit mappings of JSON and XSD atomic types and common
								structures by leveraging XML Schema information.

						

					

			
		
		
			Design Overview
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Figure 2.JXON ProcessorFigure 1. JXON Processor data flow
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Figure 3.XML to JSONTransforming XML to JSON data flow


			[image: JSON to XML]
					
				
Figure 4.JSON to XMLTransforming JSON to XML data flow


			
				Transformation of the Object Model

				As mentioned previously, the text format of XML vs. JSON tends to get a great deal of
					focus, while I assert it is actually a trivial issue. This design performs all
					transformation logic at the Object Model level not at the text format level. To
					accomplish this a very simple XML schema is used which represents the JSON
					Object Model precisely. This implementation uses the JXML schema (http://xml.calldei.com/JsonXML) to represent the JSON object model
					and the conversion tools supplied by xmlsh (http://www.xmlsh.org). In particular the json2xml (http://www.xmlsh.org/CommandXml2json) and xml2json (http://www.xmlsh.org/CommandJson2xml ) commands. Other schemas and
					tools could just as easily be used as long as they provide a precise
					representation of the JSON object model in XML (such as JSONx jsonx ).

				Transformation at the Object Model level provides the following
					benefits:

				
							
							Reduces the problem to an XML-to-XML transformation problem
								instead of a Markup-to-Markup problem.

						

							
							Decouples transformation logic from serialization logic

						

							
							Allows all processing to be implemented with XML tools which are
								mature and feature full.

						

							
							Allows focus on the transformation logic instead of serialization
								logic.

						

							
							Provides for some schema validation of the generated JSON to check
								for JSON well-formedness prior to serializing as JSON.

						

					

			
			
				Patterns and Rule Properties

				A major problem with XML/JSON transformation is that there are many ways to do it. These
					can be classified into 'patterns' which define the rules for bidirectional
					transformation of a given set of terms.

				Patterns are defined in a global configuration file which defines specific named patterns
					which can be referenced by the annotations, and configuration properties of each
					pattern which can be selectively overwritten in a specific annotation. The
					properties of a pattern define basic building blocks of transformation such as
					element and attribute wrapping, name translations, handling of namespaces and
					typing of atomic values. The code to implement a pattern can be very complex,
					especially if reverse transformation is desired. By having the framework
					predefine patterns, a developer can simply tag an element, attribute, or type
					with a pattern name and the rules will be applied to that element (and
					optionally its derived and contained types).

				This is intended to be extensible so that new patterns can be added to the
					code to enrich the range of transformation options, and need only be identified
					by name to be applied. At present there are two patterns supported "full" and
					"simple". These are intended to demonstrate extremes between transformation
					categories. More patterns are in development.

				Patterns are applied to items (documents, elements, attributes, types) by using
					the annotation  <jxon:pattern name="pattern name"/>
					This applies all the rule properties associated with that pattern as applicable
					to the item type.  It also applies the properties to the derived and contained
					types.   For example applying a pattern at the schema root applies the pattern
					to all items.   Applying to an element affects the element, its attributes, and
					all local element declarations.   Applying a pattern to a type affects the type
					and all derived types.

				See Patterns

			
			
				Markup Agnostic but XML Based 

				While a primary goal of the design is to provide a transformation which is
					markup agnostic ( treats XML and JSON as equals). The reality is that the tools
					for processing markup are much more mature and feature full in the XML space
					than the JSON space. This practical issue lead to a design which is "XML Based"
					but also "markup agnostic". The technologies used are primarily XML based, and
					the design itself is based on XML Schema, Annotations in schema, XQuery and XSLT
					processing. This does force a compromise in design which is definitely XML
					oriented, but still providing the end result (input and output of the
					transformations) markup agnostic.

			
			
				Schema and annotation based transformations

				Analysis of the existing implementation limitations and the primary objectives
					lead to the conclusion that a Schema and associated annotations could provide
					much of the external information needed guide the transformations in both
					directions.

				 For example on generating JSON, Schema type information can inform the choice
					of which JSON types to generate. On generating XML, Schema can provide the
					missing pieces of structure which may have been omitted in the JSON, for example
					the correct element names, wrapping elements, namespaces etc.

				Schema Annotations allow specifying ancillary information which is to apply
					only to a specific element, attribute or type without having to add addressing
					to the rule-set. The addressing is implicit by the location of the annotation.
					Since types can be annotated as well as specific elements and attributes,
					patterns can applied to all elements/attributes of that type in one location.
					Similarly type hierarchies can be annotated by placing the annotations at the
					appropriate location in the type hierarchy.

				Individual properties of patterns can be overridden at any location, which
					acts similarly to object derivation. For example the "simple" pattern can be
					used for the document as a whole, while on an individual element its JSON name
					can be modified via annotation while inheriting all other derived properties of
					the pattern.

				
					XSD Schema

					The initial implementation directly supports XSD Schema only. This is an
						implementation artifact derived by use of the Apace Schema API, not a design
						restriction. XSD Annotations may inserted into any schema item (document,
						element, type etc) which will override either the current in-effect pattern
						or any of the pattern rules. JXON annotation must occur within the "appinfo"
						XSD annotation element. Only elements within the jxon namespace are
						processed, the rest are ignored.

					The following at the beginning of a schema indicates that the entire
						document defaults to the "full" pattern

					<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns:jxon="http://www.xmlsh.org/jxon">
	<xs:annotation>
		<xs:appinfo>
			<jxon:pattern  name="full"/>
		</xs:appinfo>
	</xs:annotation>
	...

					The following indicates that the ITEM element and all its child elements
						use the "simple" pattern and that the ITEM element itself will be
						represented by the JSON Name "BOOK". 

							Note that the "json_name" element is a sibling, not a child of "pattern". This
								indicates that the name only applies to this element, not to its
								descendant local elements.

						
					<xs:element name="ITEM">
		<xs:annotation>
			<xs:appinfo>
				<jxon:pattern  name="simple"/>
				<jxon:json_name name="BOOK"/>
			</xs:appinfo>
		</xs:annotation>
...

				
				
					RNG Schema

					The design supports use of any XML schema which can be annotated. However
						the current implementation only directly supports XSD.

					RelaxNG (both Compact and XML formats) is indirectly supported by the use of comments in
						RNG and translating the RNG into XSD and the comments into XSD
						annotations.

					The following RNG compact syntax uses comments starting with #<jxon:
						to map a different JSON name to an element

					#<jxon:json_name  name="TITLE"/>
element NAME { xs:string }

					This is converted to the following XSD notation.

					<xs:element name="NAME">
		<xs:annotation>
			<xs:appinfo>
				<jxon:json_name name="TITLE"/>
			</xs:appinfo>
		</xs:annotation>
...

					Similarly comments in the RNG XML syntax are supported in the same
						way.

				
			
			
				Rule Generation

				A pair of transformation rules (XSLT files) for a class of documents is
					generated.

				The XML Schema (for the XML document) is read along with the global configuration. The
					schema is traversed and a XSLT file is produced for each direction (JSON to XML
					and XML to JSON) based on each element, attribute, and type defined in the
					schema. Schema Annotations are used to choose which pattern applies to each
					term, and provides optional customization to the patterns for that item.
					Patterns can be applied recursively, or only to targeted items.

				The result is a pair of XSLT files.

			
			
				Transformation

				The XSLT files produced by the rule generation can be used without any
					ancillary information. Reference to the schema or configuration information is
					not needed. 

				Running a transformation from JSON to XML requires converting the JSON to JXML
					format then running XSLT. Schema validation can be applied after the
					transformation. 

				Running a transformation from XML to JSON requires running the XSLT then
					converting from the result JXML to JSON. Schema validation can be applied to the
					input prior to running the transformation, and to the JXML after transformation
					to validate JSON well-formedness.

			
			
				Bidirectional ("Round Tripping")

				JXON is intended for bidirectional transformations ("Round Tripping"), although the same
					architecture and implementation could be used for unidirection transformations
					(XML to JSON or JSON to XML). A bidirectional transformation can be either
					Lossless or Lossy (or somewhere in between). This can depend on the patterns
					being used, the schema, and actual instances of documents. 

				The definition of "Lossless" and "Lossy" depends on what one considers
					"important information", although the terms do convey some meaning. Consider a
					scale measuring the results of a round trip transformation with one side exact
					byte for byte bidirectional transformation for every document instance
					transformed ("Lossless"), and the other side no correlation whatsoever between
					the two documents ("Unidirectional"), with "Lossy" being somewhere in between.
					Even this linear scale is misleading because some document instances
					corresponding to the same schema may have different translation characteristics
					then others. The design goals of JXON are to provide reasonably defined
					translation characteristics. Choosing a particular pattern or configuration
					attributes of a pattern will effect the translation, and it is up to the
					developer to determine the importance of the specific effects.

				The JXON architecture does not attempt to implement "Purely Lossless" transformations at
					the text serialization (byte sequence) level. 

				
					Acceptable Losses

					The JXON architecture does not attempt to preserve some characteristics of XML or JSON at
						all. These are considered "Acceptable Losses" for this project and for the
						purposes of definitions do not contribute to the meaning of "Lossless". 

					The following XML information is not attempted to be preserved.

					
								
								Serialization Format

								The Text Serialization format of XML is not considered.
									Transformations are done at the XDM abstraction level so
									characteristics such as encoding, ignorable whitespace,
									character entities, CDATA etc are not considered as a
									significant characteristic.

							

								
								External Entities

								External entities in XML are expanded as part of the XML parsing and are not
									represented in JSON as entities.  They are not converted to
									external entities when generating XML from JSON.

							

								
								DTD and Schema

								DTD and Schema references in XML are not retained as part of
									the transformation. They may be reconstructed as part of the XML
									generation but no attempt is made at representing DTD or Schema
									information in the JSON output.

							

								
								Comments

								Comments are removed during XML processing. They exist as part
									of the XDM model but in the current implementation they are
									ignored. 

							

								
								Processing Instructions

								Processing instructions are removed during XML processing.
									They exist as part of the XDM model but in the current
									implementation they are ignored. 

							

								
								Application level XML markup

								XML markup which has meaning by application specific
									processors is not explicitly preserved, or may be partially
									preserved. For example XInclude processing (like External
									Entities) may be merged into the XDM model during parsing so is
									not transfered into the JSON markup explicitly. XLink and
									XPointer markup is not attempted to be processed specially. 

								XML markup which has specific meaning to an application may
									not have any related meaning in JSON.. For example an XSLT file
									translated to JSON looses its meaning in that the resultant JSON
									document has no supporting processors for XSLT.

							

						

				
				
					Optional Losses

					Sometimes perfect Lossless bidirectional transformation is not important. JXON provides
						the ability to perform Lossy transformations which can still produce useful
						results. A simple example is value typing. If there is no schema or
						annotation to describe the type of a value then transformations can lose
						that type. A numeric type in JSON round tripped may become a String type.
						This change of type information may or may not matter to the
						application.

					Another case is where attributes or elements are requested to be ignored
						(in JSON or XML). This obviously causes problems unidirectional as well as
						bidirectional transformations. Omitted elements and attributes could be
						regenerated on reverse transformation according to the schema (or
						annotations) but the values cannot be extracted from the document
						instance.

					A more subtle type of losses can occur when assumptions are made about
						documents which is not explicit in the schema or the JXON annotation. For
						example the "simple" pattern translates XML elements and attributes to JSON
						members. This pattern can round trips losslessly as long as there are no
						repeated element children or duplicate element or attribute names. However
						given an XML document that doesn't conform to the assumptions can produce
						invalid JSON, or the round trip may be produce ambiguous results.

					Future enhancements could detect and warn the developers of the sort of
						losses or errors which could be expected.

				
			
			
				Implicit Information

				The JXON architecture makes significant use of "Implicit Information". Since
					an XSLT file is generated for both directions of mapping, not all information
					needed to build the documents during transformation need to be in the documents
					themselves. This allows many features not available with other JSON/XML designs
					. 

				A simple example is naming. Suppose a XML document has an element
					<my_element> and we wish to create a JSON document with an object member "The
					Element". This can be specified as a name attribute to the pattern for
					"my_element" (via annotation in the schema) and will be encoded into both XSLT
					files. The resulting JSON document has no explicit reference to the XML element
					name, yet via the XSLT will create the correct element name. The same concept
					solves a large number of issues usually considered deficient in many XML/JSON
					mapping tools such as:

				
							
							Namespaces

							XML Namespaces can be preserved round-tripped through JSON without
								encoding the namespace itself in the JSON file. JSON objects can
								produce elements and attributes with namespaces without having the
								namespace information in the JSON document itself.

						

							
							Element and Attribute distinction

							Some patterns map elements and attributes both to named JSON
								members. The distinction between element and attribute is not
								present in the JSON document. On the reverse transformation the
								elements and attributes can be reconstructed.

						

							
							JSON Arrays

							JSON arrays can be created from various XML structures. The
								resultant JSON may lose the original XML element or attribute names,
								but on the reverse translation these items are reconstructed.
								Starting from JSON, arrays can be wrapped in generated XML elements
								or into a tokenized list value.

						

							
							Value type Information

							When translating XML to JSON the value type can be lost ( e.g. "value" : 1
								vs.  <value>1</value>)

							When translating back from XML to JSON the type information can be
								restored even though it is not present in the instance
								document.

						

							
							Constructed or deleted elements

							Some patterns construct or delete markup, yet are reversible. For
								example wrapping elements may be removed when XML is converted to
								JSON. On the reverse transformation they can be reconstructed.
								Anonymous JSON objects (such as the root document) can have elements
								synthesized.

						

							
							Composed Values

							XSD "list" items in XML are a single atomic value. When translated
								to JSON they can be split into Array notation (separate JSON
								objects). On the reverse transformation they can be reformed back
								into a single atomic value.

						

					

			
		
	
	
		JXON Transformations

		The current JXON design and implementation supports the following types of
			transformations. Since JXON is still in development these will likely change as
			experience is gained and the implementation matures. A primary goal of choosing the
			types of transformations is to find the right level of control of the mapping logic
			which is both implementable and not too difficult for the user to control. The rules use
			information from the schema as well as allow configuration properties externally (via
			the configuration file and inline schema annotations). These transformation rules, and
			their properties, are then grouped into "patterns" which can be applied 'as is' or
			overridden with specific changes.

		
			Atomic Types

			JXON uses the schema type declarations for simple types to attempt to determine
				the proper JSON type. The XSD schema type hierarchy is searched until a matching
				known type is found. If a matching type is found then the corresponding JSON type is
				used, otherwise the String type is used.

			Any type derived from xs:double, xs:float or xs:decimal are mapped to a JSON
				Number.

			Any type derived from xs:boolean is mapped to a JSON Boolean literal.

			All other types are mapped to a JSON String.

			Empty XML elements are mapped a JSON null.

					Table 1Example Atomic Type Conversion


						
								xs:type
								XML
								JSON
						

					
					
						
								xs:integer
								1
								1
						

						
								xs:boolean
								true
								true
						

						
								xs:string
								John Doe
								"John Doe"
						

						
								empty
								<empty/>
								null
						

					
				



			
				value element

				In the JXON schema the "value" element controls how atomic values are
					transformed. In the following example, the value element specifies that schema
					information should be used for both the value transformation as well as
					determine JSON array mapping

				
	<value wrap="schema" type="schema" />


				 The following overrides default behaviour and specifies that the JSON Number type should
					be used with no wrapping 

	<value type="number" />


			
		
		
			Structured Types

			JXON maps XSD "list" types (and derived types such as IDTOKENS) to JSON arrays and
				on reverse maps the associated arrays back to a space separated atomic value. 

			
					Table 2Example list type conversions


						
								xs:type
								XML
								JSON
						

					
					
						
								xs:NMTOKENS
								Hi There
								[ "Hi","There"]
						

						
								xs:IDREFS
								id1 id2 id3
								[ "id2" , "id2" , "id3"]
						

						
								<xs:list itemType="xs:integer"/>
								1 2 3 4
								[ 1 , 2 , 3 , 4]
						

					
				



			 The value element can be used to force wrapping by a JSON array even if the
				schema does not identify a value as a list type. For example the following overrides
				the schema information and tells the JXON processor to wrap the value with a JSON
				array of strings. 

	<value type="string" wrap="array"/>


		
		
			Naming and namespaces

			JXON provides a flexible method for configuring name transformations. JSON and XML names
				can differ significantly in possible characters and practical use. The default
				configuration is to ignore namespaces and use the same name for XML elements and
				attributes as JSON members. Although namespaces are not present in the JSON document
				they are reconstructed when translating JSON to XML. Thie naming rule can be
				overridden on a type, element or attribute basis (and child items) by supplying a
				regular expression which translates the full XML name (in Clark notation[10]) to the
				JSON name. This allows the uri and localname portions of a QName to be used in
				generation of a JSON name. Since the document instance is not avaiable during rule
				generation, namespace prefixes are not known so are not accounted for in the naming
				rules. You do not have to supply the reverse regex for reverse mappings, in fact the
				mappings can be lossy while still being fully reversable because the naming
				information is stored in the XSLT files. The JSON member names have to be unique
				within a JSON object, however, in order to be able to match the corresponding XSLT
				rule (and XML name). It is interesting to note that even if namespace information is
				not mapped into the JSON output, that namespaces are not lost on reverse mapping. It
				is only in the case where multiple element or attributes with the same name but in
				different namespaces are used within a single schema and document instance that
				namespaces need be considered at all in the nameing mappings to provide for lossless
				round tripping.

			This naming rule can also be used to get around the problem of same-named
				attributes and elements in XML by assigning them unique names in JSON.

			
					Table 3
						
								Name rule
								Clark Name
								JSON Name
						

					
					
						
								<json_name search="\{([^}]*)\}?(.+)$" replace="$2"/>
								{http://www.myorg.org}name
								name
						

						
								<json_name name="Json Name"/>
								{http://www.myorg.org}name
								Json Name
						

						
								<json_name search="\{([^}]*)\}?(.+)$" replace="1_$2"/>
								{http://www.myorg.org}name
								1_name
						

					
				



		
		
			Elements and Attributes

			XML Elements and Attributes are both mapped to JSON Object members. JSON Object
				members must be a direct child of a JSON Object. This implies that all XML Elements
				and Attributes must be placed as direct children of a JSON Object (must not be
				parent-less or a direct child of a JSON Array.). The Element and Attribute rules
				interact with the Wrapping Rules to enforce this constraint as well as provides
				variants on how elements and attributes are placed within the containing object. 

			
				children element

				The children element in JXON specifies how to encode XML element children in
					JSON. The following declaration in the "full" pattern specifies that child
					elements should be wrapped in a JSON object as the "_children" member 

				
	<children wrap="object" name="_children" />


				The following declaration used in the "simple" pattern specifies that child
					elements are transformed into JSON members without wrapping

	<children wrap="none" />

 Of course this will only produce valid JSON if there are no repeated elements
					or are duplicates of unwrapped attributes. 

			
			
				attributes element

				The attributes element in JXON specifies how to encode XML attributes in JSON.
					The following declaration in the "full" pattern specifies that attributes are
					wrapped in a JSON object as the "_attributes" member. 


	<attributes wrap="object" name="_attributes" />


				The following declaration used in the "simple" pattern specifies that
					attributes are transformed into JSON members without wrapping

	<attributes wrap="none" />


			
		
		
			Text elements

			Text elements can be treated as simple values or as objects. They can be wrapped
				along with child elements, or in their own member. The JXON text element determines
				the behaviour. 

			The following example from the "simple" pattern wraps all text into an object
				member named "_text".

			
	<text wrap="object" name="_text" />


			The following example from the "full" pattern treats text the same as child
				elements (putting each text element as a separate value in the _children
				array)

			
	<text wrap="none"/>


		
	
	
		Implementation

		The current JXON implementation is an experimental prototype with the intent of exploring
			the design and usefulness of the architecture. The intent is to become a production
			quality tool, but at the time of this writing it is still in prototype phase; functional
			but not yet feature complete. The code is entirely open source, uses only open source
			libraries and is licensed with the "Simplified BSD License".[11] It is distributed as part of the JSON extension module for xmlsh http://www.xmlsh.org/ModuleJson.
			The code can run within xmlsh itself or as an independant command or embedded in a java
			application.

		As described in the Design Overview, JXON produces a pair of XSLT files from a schema
			and a configuration file. These XSLT files can then be used for transformations without
			further reference to the schema or the JXON processor. Input and output to the XSLT
			files are XML. On the JSON side this is XML in JXML format which can be converted to and
			from JSON losslessly, or converted to other lossless formats such as JSONXjsonx.

		[image: JXON Processor implementation]
				
			
Figure 5.JXON Processor implementationJXON Processor implementation internals


		The resulting XSLT is produced as XSLT 2.0 for a non-schema-aware processor so that the
			entire process may be executed entirely with open source software. 

		
			JXON Processor

			The JXON processor (Figure 2, “JXON Processor”) is run once per schema to produce the pair
				of transformation XSLT files. The program (called "jsonxslt" Figure 5, “JXON Processor implementation”.) is written partially in Java and partially in XQuery. The
				Java portion parses command line arguments, reads the Schema (using the Apache
				implementation of the XML Schema API) and generates a much simpler form of the
				schema and annotations in XML form. The intermediary schema format corresponds to
				the same schema as the configuration format as well as the annotation (JXON). This
				allows the configuration data to be cleanly merged with the annotation and the
				resulting document and internal representations all having the same namespace and
				sharing the same meaning for items. 

			Java is used for this component because parsing, and particularly comprehending
				XSD schema is a challenging task suited well to reusing an existing API. The
				simplified schema and the global configuration file is then passed to the XQuery
				component, once each for conversion to XSLT for the JSON to XML translation and
				again for producing the XML to JSON. XQuery was chosen for this component because it
				is a good fit for XQuery. The process is largely that of querying and producing XML
				(XSLT) output from a complex set of algorithms. The two XQuery programs are tightly
				coupled (and share common modules). This is necessary because the specifics of the
				XSLT rules generated for one direction need to match exactly the rules generated for
				the reverse direction in order to achieve round trip transformations. 

			The result is 2 XSLT files which have encoded all the rules, augmented by the annotations,
				into a set of XSLT templates. These templates match every element and attribute of
				the input (Either XML or JXML), apply the encoded transformation and output the
				transformed XML.  (See Example XSLT generation

			
				Parsing Schema

				 

				
					RNG Support

					Ideally native support for RelaxNG will be built into the project but for
						now support is by means of the trang trang converter and a transformation which converts XSD comments
						into XSD Annotations. Comments are used instead of RNG annotations because
						trang does not sufficiently support translating RNG annotations to XSD
						annotations.

				
			
		
		
			Converting between JSON and JXML

			As described in the design, the JXON processor consumes and produces JSON in JXML
				format. This could in theory be any other full fidelity JSON representation in
				XML.

			This JXML format may be useful by itself as it can be converted to other JSON XML
				formats such as JSONX jsonxor used as an input to other processors
				that operate purely on the JSON Object Model as apposed to the JSON Serialized Text
				form.

			To convert from JSON to JXML and reverse, two tools are used from xmlsh command
				library (json2xml, xml2json). These tools are very simple and can be run standalone
				(outside the xmlsh environment), or could be re-implemented easily. Source code is
				available for these tools as well as all of xmlsh, also licensed using the
				Simplified BSD License. The json2xml tool makes use of the JSON API available from
				json.org, with some minor enhancements, mainly to preserve the order of object
				members while parsing JSON. The xml2json tool does not use the JSON API because of
				severe limits to that library, rather the serialization was written from
				scratch.

			Neither of these tools are particularly complicated and could be replaced by user
				written code. The techniques for parsing and serializing JSON are well known and
				many implementations are available. You can see from the sample below that the JXML
				format is extremely verbose, but its advantage is it directly models the JSON data
				model.

		
		
			XSLT processing

			Once the JXON process is complete the 2 resulting XSLT files can be used at any
				time. One file is used to transform JSON as represented in JXML to the target XML
					See
				Figure 4, “JSON to XML”. 

			The other file is used to transform XML to JXML See
				Figure 3, “XML to JSON”.

			The conversion between JXON and JSON is performed using the json2xml and xml2json
				tools See
				Converting between JSON and JXML

			The XSLT files are currently created to run with any XSLT 2.0 non-schema aware
				processor. The implementation uses Saxon[12]
			

		
	
	
		Retrospective; Limitations and Lessons

		JXON began as an experiment to explore the feasibility of intelligent cross markup
			transformations. Key to this experiment is the recognition that Markup Schema contains
			significant information which can be used to aid cross markup transformation.
			Recognizing this I assert that in essence cross markup transformation is fundamentally a
			Schema oriented issue, not a document instance issue. Lack of JSON Schema places a
			severe limit in the amount of automated decision making possible leaving one side only
			with schema information. This limit did make many design decisions easier, although less
			ideal, in particular to focus on the XML schema as the source of transformation logic. 

		
			Use of XSD Schema

			Recognizing that Schema was a core concept in the design, XSD Schema was chosen for the
				implementation. In concept any schema language should work, but XSD was chosen due
				to its prevalence and the availability of API's which can query the schema (XML
				Schema API). XSD Schema is complex. The fact that an API is needed to query it to
				get meaningful information (instead of say using XQuery directly on the schema), is
				an indication of how complex it is. Even the API itself is complex. This decision
				required the use of a Java component instead of relying entirely on XML tools. 

			Ideally any XML Schema language should be able to be able to be used. Since the source
				schema is only used early on in the work-flow (to generate a simpler intermediate
				document), supporting alternative schemas such as RNG natively should not be that
				difficult and may be introduced in a later version of the implementation.  The
				current support for RNG via translation to XSD is a viable alternative.

			
				Requires an XML Schema

				Since the transformation generation is Schema based, this implies you must
					have an XML Schema to define a transformation. If you are starting with XML
					there are many tools to generate a schema based on sample XML. But if you are
					starting with JSON there are no such tools. This is an area which could use
					improvement. For now you are forced to create a schema which matches up with how
					the JSON would be generated using one of the existing patterns. Perhaps a
					schema-less transformation mode would be useful to bootstrap this
					process.

			
			
				Recursive structures

				JXON allows for recursive structures insomuch as XSD does. Since rules are
					associated with a specific element declaration you cannot target different rules
					for different levels of recursion.

			
			
				Local Elements

				JXON allows for local elements in XSD. Local elements of the same name as
					other local or global elements can be targeted individually. This allows
					samed-named XML elements to map to differently named JSON elements. However, as
					in recursion, it is only supported in the same fashion as XSD. If a document
					instance references the same element in different contexts they cannot be
					targeted differently unless it is a local element declaration.

			
		
		
			Use of Schema Annotations

			The choice of using XML Schema (particularly XSD) then led to the decision to put
				the human augmented information into the XML schema document itself (as
				annotations). This decision is definitely debatable. 

			The advantage of annotating the schema itself instead of using an external "rules file" is
				that information can be associated directly to the specific item (type, element,
				attribute) without having to target that item externally with perhaps XPath or type
				references. The transformation logic then resides right with the item definitions in
				the schema and contains a minimal amount of extra information. On the other hand,
				this forces editing of the schema in order to modify the transformation logic.
				Different transformations for the same class of documents then requires separate
				schemas. This means that different schemas may need to be maintained that differ
				only in the JXON annotations. While JXON does not require that instance documents
				use the same schema during transformation as was used during the generation process,
				this can be a problem as changes to the authoritative schema require editing the
				schemas used for the JXON configurations. 

			Another issue of annotating schema directly is that it requires duplication of
				information if the same properties are to be applied to different items. This is
				mitigated by the use of "patterns" which group properties and allow you to specify
				only the pattern name. However if the rules were in an external file they could use
				a single definition for common properties and use instead multiple targets (e.g
				XPaths) to apply the properties to multiple items. 

		
		
			Intermediate file (JXON document) generation in Java

			Use of the Apache implementation of the XML Schema API requires use of a Java component for
				part of the generation process. To minimize the reliance on Java coding an
				intermediate XML file is generated with a simplified version of the schema along
				with the annotations. This worked out fairly well as it separated the logic for
				parsing the schema from the rest of the processing. One problem is that the format
				for the intermediate is a moving target. Exactly what constitutes a "minimal
				simplified representation of the schema" depends on the needs of downstream
				processing. Adding new features and making changes to the XSLT generation code often
				requires going back to the Java code to add or change the content of the
				intermediate file.

			Once the initial stage is complete then the rest of the XSLT generation can be
				done using pure XML tools. This allowed for easier development and debugging. 

			Use of an intermediate representation for the schema also benefits from being
				schema language agnostic. A different input schema language (such as RelaxNG) could
				be used while generating the same JXON intermediate format and leaving the rest of
				the processing unchanged.

		
		
			XQuery for XSLT generation

			XQuery is used to generate the XSLT output given the intermediate schema file and a
				configuration file. Choice of XQuery seems a good fit for the problem. The input and
				output is entirely XML and the processing logic is query and data oriented logic
				operations. This fits the XQuery use case quite well. Certainly XSLT or Java could
				have been used for this component, but the choice of XQuery worked well.

		
		
			XSLT for transformation

			The output of the JXON processor is a pair of XSLT files. These XSLT files are
				used for the actual transformations. Choice of XSLT seems an obvious match. The
				transformation is a collection of matching templates along with generation rules.
				This fits the XSLT model very well. 

			
				Auto generation of XSLT

				In practice the resultant XSLT can be both large and non-ideal. For example
					the XSLT for Docbook is over 10,000 templates. XSLT 2.0 without schema support
					was chosen for the initial implementation. The rationale is to provide an
					implementation which is entirely "open source" and can be run without licensing.
					However since the problem is fundamentally a schema problem, making use of a
					schema-aware XSLT may have significant value. For example when a rule applies to
					a type, templates are generated for every possible occurrence of that type.
					Using a schema aware XSLT processor could optimize this to matching on types
					instead of names (at least for the XML to JSON conversion). 

				Generation of the XSLT code is also quite tricky and difficult to debug which
					limits ease of adding transformation rules. In particular writing the code that
					generates XSLT which can transform bidirectionally is quite tedious. This is
					definitely an area that could use significantly improvement and
					optimization.

			
		
		
			Naming and namespaces

			The mechanism for customizing name and namespace mappings is based on regular
				expressions. This is quite powerful but may not be powerful enough. The reason
				regular expressions were chosen is an artifact of the implementation; is that its
				the most flexible string manipulation feature in XQuery which doesn't require an
				"eval". This area could use enhancements.

			The naming rules only have access to the localname and URI of the QName. This means that
				prefixes cannot be used as part of the name mappings. When generating XML from JSON
				prefixes are constructed and namespace declarations are added as needed. The
				resulting XML will most likely have a different lexical representation then a source
				XML after round tripping due to the difference in prefixes and locations of
				namespace declarations. Possibly making use of the prefix bindings in the XSD would
				be useful although there is no guarantee these same prefixes would be used in
				instance documents.

			Using the default naming rules which ignore the namespace when generating JSON can lead to
				ambiguity problems if two QNames from different namespaces are allowed as attribute
				or child element names in a given element. This is resolved by overriding the naming
				rule for one of the ambiguous names.

			Better control over prefix assignment and namespace declaration placement would be
				a useful enhancement.

		
		
			Character Set

			JXON uses JXML's handling of non-XML representable characters such as \0 by
				keeping them in JSON escaped format when mapped to XML. While this is losses, it is
				non-ideal as it takes application logic to parse these values correctly. I know of
				no better solution to this problem as XML simply cannot encode the full Unicode
				code-set which is allowed in JSON.

		
	
	
		Appendix

		
			Patterns

			The following is the JXON global configuration markup of the "full" and "simple"
				patterns.

			
<patterns xmlns="http://www.xmlsh.org/jxon" default="full">
	<pattern name="full">
		<element>
			<!-- Wrap all child text and elements in an object -->
			<children wrap="object" name="_children" />
			
			<!-- Wrap all attributes in an object -->
			<attributes wrap="object" name="_attributes" />

			<!-- Do not wrap text by itself, it is in the _children -->
			<text wrap="none"/>

			<!-- Values are typed and wrapped according to schema -->
			<value wrap="schema" type="schema" />
			<json_name	search="\{([^}]*)\}?(.+)$" replace="$2"/>
		</element>

		<attribute>
			<value wrap="schema" type="schema" />
			<json_name	search="\{([^}]*)\}?(.+)$" replace="$2"/>
		</attribute>

	</pattern>

	<pattern name="simple">
		<element>
			<children wrap="none" />
			<attributes wrap="none" />
			<text wrap="object" name="_text" />
			<value wrap="schema" type="schema" />
			<json_name	search="\{([^}]*)\}?(.+)$" replace="$2"/>
			<override/>
		</element>
		<attribute>
			<value wrap="schema" type="schema" />
			<json_name	search="\{([^}]*)\}?(.+)$" replace="$2"/>
		</attribute>
	</pattern>

</patterns> 


		
		
			Example of JSON file converted into JXML

			JSON Sample

			{
	"id": "0001",
	"type": "donut",
	"name": "Cake",
	"ppu": 0.55,

	"topping":
		[
			{ "id": "5001", "type": "None" },
			{ "id": "5002", "type": "Glazed" },
			{ "id": "5005", "type": "Sugar" },
		]
}

			JXML Sample

			<object xmlns="http://www.xmlsh.org/jxml">
   <member name="id">
      <string>0001</string>
   </member>
   <member name="type">
      <string>donut</string>
   </member>
   <member name="name">
      <string>Cake</string>
   </member>
   <member name="ppu">
      <number>0.55</number>
   </member>
   <member name="topping">
      <array>
         <object>
            <member name="id">
               <string>5001</string>
            </member>
            <member name="type">
               <string>None</string>
            </member>
         </object>
         <object>
            <member name="id">
               <string>5002</string>
            </member>
            <member name="type">
               <string>Glazed</string>
            </member>
         </object>
         <object>
            <member name="id">
               <string>5005</string>
            </member>
            <member name="type">
               <string>Sugar</string>
            </member>
         </object>
      </array>
   </member>
</object>

		
		
			Full example

			The following is a full example of a bidirectional round trip JSON/XML
				transformation using a variant of the "BOOKS" schema

			
				XSD Schema

				The XSD schema marked up with JXON annotations

				<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" xmlns:jxon="http://www.xmlsh.org/jxon">
	<!-- Default document pattern is "full" -->
	<xs:element name="BOOKLIST">
	<xs:annotation>
		<!--BOOKLIST and decendants follow "simple" pattern -->
		<xs:appinfo>
			<jxon:pattern name="simple" />
		</xs:appinfo>
	</xs:annotation>
		<xs:complexType>
			<xs:sequence>
				<xs:element ref="BOOKS"/>
				<xs:element ref="CATEGORIES"/>
			</xs:sequence>
		</xs:complexType>
	</xs:element>

	<xs:element name="BOOKS">
		<xs:annotation>
		<xs:appinfo>
			<!-- Wrap all child elements in a JSON Array -->
			<jxon:children wrap="array" />
		</xs:appinfo>
	</xs:annotation>
		<xs:complexType>
			<xs:sequence>
				<xs:element ref="ITEM" maxOccurs="unbounded"/>
			</xs:sequence>
		</xs:complexType>
	</xs:element>

	<xs:element name="CATEGORIES">

		
		<xs:complexType mixed="true">
			<xs:sequence minOccurs="0" maxOccurs="unbounded">
				<xs:element ref="CATEGORY"/>
			</xs:sequence>
			<xs:attribute name="DESC" type="xs:string" use="required"/>
		</xs:complexType>
	</xs:element>
	<xs:element name="CATEGORY">
		<xs:annotation>
			<!-- CATEGORY and children use the simple pattern -->
			<xs:appinfo>
				<jxon:pattern  name="simple"/>
			</xs:appinfo>
		</xs:annotation>
		<xs:complexType>
			<xs:attribute name="CODE" type="xs:ID" use="required"/>
			<xs:attribute name="DESC" type="xs:string" use="required">

			</xs:attribute>
			<xs:attribute name="NOTE" type="xs:string" use="optional"/>
		</xs:complexType>
	</xs:element>

	<xs:element name="ITEM">
	<xs:annotation>
		<xs:appinfo>
			<!-- ITEM and children use the simple pattern -->
			<jxon:pattern name="simple" />
			<!-- Rename the XML ITEM element to BOOK in JSON -->
			<jxon:json_name name="BOOK"/>

		</xs:appinfo>
	</xs:annotation>
		<xs:complexType>
			<xs:sequence>
				<xs:element name="TITLE" type="xs:string" minOccurs="1">
				</xs:element>
				<xs:element name="AUTHOR" type="xs:string"/>
				<xs:element name="PUBLISHER" type="xs:string"/>
				<xs:element name="PUB-DATE" type="xs:date"/>
				<xs:element name="LANGUAGE" type="languageType"/>
				<xs:element name="PRICE" type="moneyType">
				</xs:element>
				<xs:element name="QUANTITY" type="xs:integer"/>
				<xs:element name="ISBN" type="ISBNType"/>
				<xs:element name="PAGES" type="xs:integer">
				<xs:annotation>
						<xs:appinfo>
							<!-- Demonstrate we can override the default JSON type with string -->
							<jxon:value  type="string"/>
						</xs:appinfo>
				</xs:annotation>
				</xs:element>
				<xs:element name="DIMENSIONS" type="dimensionsType">
					<xs:annotation>
						<xs:appinfo>
							<!-- Wrap dimension children in an object member named "value" -->
							<jxon:text wrap="object" name="value" />
						</xs:appinfo>
					</xs:annotation>
					
				</xs:element>
				<xs:element name="WEIGHT" type="weightType">
					<xs:annotation>
					<xs:appinfo>
						<!-- wrap WEIGHT text in an object member named "amount" -->
						<jxon:text wrap="object" name="amount"/>
					</xs:appinfo>
				</xs:annotation>
				</xs:element>
			</xs:sequence>
			<xs:attribute name="CAT" type="xs:IDREF" use="required"/>
			<xs:attribute name="TAX" type="xs:NMTOKEN" use="optional" default="V"/>
		</xs:complexType>
	</xs:element>

	<xs:simpleType name="languageType">
		<xs:restriction base="xs:string">
			<xs:enumeration value="English"/>
			<xs:enumeration value="French"/>
			<xs:enumeration value="German"/>
			<xs:enumeration value="Spanish"/>
		</xs:restriction>
	</xs:simpleType>

	<xs:complexType name="moneyType">
		<xs:simpleContent>
			<xs:extension base="xs:decimal">
				<xs:attribute name="currency" type="currencyType"/>
			</xs:extension>
		</xs:simpleContent>
	</xs:complexType>

	<xs:simpleType name="currencyType">
		<xs:restriction base="xs:string">
			<xs:enumeration value="USD"/>
			<xs:enumeration value="GBP"/>
			<xs:enumeration value="EUR"/>
			<xs:enumeration value="CAD"/>
		</xs:restriction>
	</xs:simpleType>

	<xs:simpleType name="ISBNType">
		<xs:restriction base="xs:string">
			<xs:pattern value="[0-9]{9}[0-9X]"/>
		</xs:restriction>
	</xs:simpleType>

	<xs:complexType name="dimensionsType">
		<xs:simpleContent>
			<xs:extension base="dimensionsContentType">
				<xs:attribute name="UNIT" type="lengthUnitType">
				</xs:attribute>
			</xs:extension>
		</xs:simpleContent>
	</xs:complexType>

	<xs:simpleType name="dimensionsContentType">
		<xs:restriction>
			<xs:simpleType>
				<xs:list itemType="dimensionType"/>
			</xs:simpleType>
			<xs:length value="3"/>
		</xs:restriction>
	</xs:simpleType>

	<xs:simpleType name="lengthUnitType">
		<xs:restriction base="xs:string">
			<xs:enumeration value="in"/>
			<xs:enumeration value="cm"/>
		</xs:restriction>
	</xs:simpleType>

	<xs:simpleType name="dimensionType">
		<xs:restriction base="xs:decimal">
			<xs:minExclusive value="0.00"/>
		</xs:restriction>
	</xs:simpleType>

	<xs:complexType name="weightType">
		<xs:simpleContent>
					
			<xs:extension base="xs:decimal">
				<xs:attribute name="UNIT" type="weightUnitType"/>

			</xs:extension>
		</xs:simpleContent>
	</xs:complexType>

	<xs:simpleType name="weightUnitType">
		<xs:restriction base="xs:string">
			<xs:enumeration value="oz"/>
			<xs:enumeration value="g"/>
		</xs:restriction>
	</xs:simpleType>
</xs:schema>


			
			
				BOOKS XML

				The BOOKS xml file

				<BOOKLIST>
<BOOKS>
	<ITEM CAT="MMP">
    	<TITLE>Pride and Prejudice</TITLE>
    	<AUTHOR>Jane Austen</AUTHOR>
    	<PUBLISHER>Modern Library</PUBLISHER>
    	<PUB-DATE>2002-12-31</PUB-DATE>
    	<LANGUAGE>English</LANGUAGE>
    	<PRICE>4.95</PRICE>
    	<QUANTITY>187</QUANTITY>
    	<ISBN>0679601686</ISBN>
    	<PAGES>352</PAGES>
    	<DIMENSIONS UNIT="in">8.3 5.7 1.1</DIMENSIONS>
    	<WEIGHT UNIT="oz">6.1</WEIGHT>
	</ITEM>
	<ITEM CAT="P">
		<TITLE>Wuthering Heights</TITLE>
		<AUTHOR>Charlotte Bront&#xeb;</AUTHOR>
		<PUBLISHER>Penguin Classics</PUBLISHER>
		<PUB-DATE>2002-12-31</PUB-DATE>
		<LANGUAGE>English</LANGUAGE>
		<PRICE>6.58</PRICE>
		<QUANTITY>113</QUANTITY>		
		<ISBN>0141439556</ISBN>
		<PAGES>430</PAGES>
    <DIMENSIONS UNIT="in">1 5.2 7.8</DIMENSIONS>
		<WEIGHT UNIT="oz">11.2</WEIGHT>
	</ITEM>
	<ITEM CAT="P">
		<TITLE>Tess of the d'Urbervilles</TITLE>
		<AUTHOR>Thomas Hardy</AUTHOR>
		<PUBLISHER>Bantam Classics</PUBLISHER>
		<PUB-DATE>1984-05-01</PUB-DATE>
		<LANGUAGE>English</LANGUAGE>
		<PRICE>4.95</PRICE>
		<QUANTITY>85</QUANTITY>		
		<ISBN>0553211684</ISBN>
		<PAGES>480</PAGES>
    <DIMENSIONS UNIT="in">6.8 4.2 0.8</DIMENSIONS>
		<WEIGHT UNIT="oz">7.7</WEIGHT>
	</ITEM>
	<ITEM CAT="P">
		<TITLE>Jude the Obscure</TITLE>
		<AUTHOR>Thomas Hardy</AUTHOR>
		<PUBLISHER>Penguin Classics</PUBLISHER>
		<PUB-DATE>1998-09-01</PUB-DATE>
		<LANGUAGE>English</LANGUAGE>
		<PRICE>4.95</PRICE>
		<QUANTITY>129</QUANTITY>		
		<ISBN>0140435387</ISBN>
		<PAGES>528</PAGES>
    <DIMENSIONS UNIT="in">7.8 5.2 0.9</DIMENSIONS>
		<WEIGHT UNIT="oz">10.9</WEIGHT>
	</ITEM>
	<ITEM CAT="H">
		<TITLE>The Big Over Easy</TITLE>
		<AUTHOR>Jasper Fforde</AUTHOR>
		<PUBLISHER>Hodder &amp; Stoughton</PUBLISHER>
		<PUB-DATE>2005-07-11</PUB-DATE>
		<LANGUAGE>English</LANGUAGE>
		<PRICE>16.47</PRICE>
		<QUANTITY>129</QUANTITY>		
		<ISBN>0340835672</ISBN>
		<PAGES>346</PAGES>
    <DIMENSIONS UNIT="cm">22.5 18 3.5</DIMENSIONS>
		<WEIGHT UNIT="g">390</WEIGHT>
	</ITEM>
	<ITEM CAT="P">
		<TITLE>The Eyre Affair</TITLE>
		<AUTHOR>Jasper Fforde</AUTHOR>
		<PUBLISHER>Penguin</PUBLISHER>
		<PUB-DATE>2003-02-25</PUB-DATE>
		<LANGUAGE>English</LANGUAGE>
		<PRICE>16.47</PRICE>
		<QUANTITY>129</QUANTITY>		
		<ISBN>0142001805</ISBN>
		<PAGES>384</PAGES>
    <DIMENSIONS UNIT="in">7.8 5 0.9</DIMENSIONS>
		<WEIGHT UNIT="oz">9</WEIGHT>
	</ITEM>

</BOOKS>
<CATEGORIES DESC="Miscellaneous categories">
    <CATEGORY CODE="P" DESC="Paperback"/>
    <CATEGORY CODE="MMP" DESC="Mass-market Paperback"/>
    <CATEGORY CODE="H" DESC="Hard Cover"/>
</CATEGORIES>
</BOOKLIST>
		

			
			
				BOOKS JSON

				The BOOKS JSON document

				{
  "BOOKLIST":
   {
    "BOOKS":
     [
      {
       "BOOK":
        {
         "CAT":"MMP",
         "TITLE":"Pride and Prejudice",
         "AUTHOR":"Jane Austen",
         "PUBLISHER":"Modern Library",
         "PUB-DATE":"2002-12-31",
         "LANGUAGE":"English",
         "PRICE":4.95,
         "QUANTITY":187,
         "ISBN":"0679601686",
         "PAGES":"352",
         "DIMENSIONS":
          {
           "UNIT":"in",
           "value":
            [8.3,5.7,1.1]
          },
         "WEIGHT":
          {
           "UNIT":"oz",
           "amount":6.1
          }
        }
      },
      {
       "BOOK":
        {
         "CAT":"P",
         "TITLE":"Wuthering Heights",
         "AUTHOR":"Charlotte BrontÃ«",
         "PUBLISHER":"Penguin Classics",
         "PUB-DATE":"2002-12-31",
         "LANGUAGE":"English",
         "PRICE":6.58,
         "QUANTITY":113,
         "ISBN":"0141439556",
         "PAGES":"430",
         "DIMENSIONS":
          {
           "UNIT":"in",
           "value":
            [1,5.2,7.8]
          },
         "WEIGHT":
          {
           "UNIT":"oz",
           "amount":11.2
          }
        }
      },
      {
       "BOOK":
        {
         "CAT":"P",
         "TITLE":"Tess of the d'Urbervilles",
         "AUTHOR":"Thomas Hardy",
         "PUBLISHER":"Bantam Classics",
         "PUB-DATE":"1984-05-01",
         "LANGUAGE":"English",
         "PRICE":4.95,
         "QUANTITY":85,
         "ISBN":"0553211684",
         "PAGES":"480",
         "DIMENSIONS":
          {
           "UNIT":"in",
           "value":
            [6.8,4.2,0.8]
          },
         "WEIGHT":
          {
           "UNIT":"oz",
           "amount":7.7
          }
        }
      },
      {
       "BOOK":
        {
         "CAT":"P",
         "TITLE":"Jude the Obscure",
         "AUTHOR":"Thomas Hardy",
         "PUBLISHER":"Penguin Classics",
         "PUB-DATE":"1998-09-01",
         "LANGUAGE":"English",
         "PRICE":4.95,
         "QUANTITY":129,
         "ISBN":"0140435387",
         "PAGES":"528",
         "DIMENSIONS":
          {
           "UNIT":"in",
           "value":
            [7.8,5.2,0.9]
          },
         "WEIGHT":
          {
           "UNIT":"oz",
           "amount":10.9
          }
        }
      },
      {
       "BOOK":
        {
         "CAT":"H",
         "TITLE":"The Big Over Easy",
         "AUTHOR":"Jasper Fforde",
         "PUBLISHER":"Hodder & Stoughton",
         "PUB-DATE":"2005-07-11",
         "LANGUAGE":"English",
         "PRICE":16.47,
         "QUANTITY":129,
         "ISBN":"0340835672",
         "PAGES":"346",
         "DIMENSIONS":
          {
           "UNIT":"cm",
           "value":
            [22.5,18,3.5]
          },
         "WEIGHT":
          {
           "UNIT":"g",
           "amount":390
          }
        }
      },
      {
       "BOOK":
        {
         "CAT":"P",
         "TITLE":"The Eyre Affair",
         "AUTHOR":"Jasper Fforde",
         "PUBLISHER":"Penguin",
         "PUB-DATE":"2003-02-25",
         "LANGUAGE":"English",
         "PRICE":16.47,
         "QUANTITY":129,
         "ISBN":"0142001805",
         "PAGES":"384",
         "DIMENSIONS":
          {
           "UNIT":"in",
           "value":
            [7.8,5,0.9]
          },
         "WEIGHT":
          {
           "UNIT":"oz",
           "amount":9
          }
        }
      }],
    "CATEGORIES":
     {
      "_attributes":
       {
        "DESC":"Miscellaneous categories"
       },
      "_children":
       ["\n    ",
        {
         "CATEGORY":
          {
           "CODE":"P",
           "DESC":"Paperback"
          }
        },"\n    ",
        {
         "CATEGORY":
          {
           "CODE":"MMP",
           "DESC":"Mass-market Paperback"
          }
        },"\n    ",
        {
         "CATEGORY":
          {
           "CODE":"H",
           "DESC":"Hard Cover"
          }
        },"\n"]
     }
   }
 }



			
		
		
			Example XSLT generation

			The markup for ITEM/DIMENSIONS in the above XSD produces these sets of XSLT patterns.
				Note that this code generation is in progress and is a prime target for change and
				optimization.

			XSLT to convert XML to JSON

			

<xsl:template priority="1" match="ITEM/DIMENSIONS">
      <member name="DIMENSIONS">
         <xsl:choose>
         <!-- No attributes or child elements - jump to text  -->
           <xsl:when test="empty(@*|*)">
               <array>
                  <xsl:for-each select="tokenize(.,' ')">
                     <number>
                        <xsl:value-of select="."/>
                     </number>
                  </xsl:for-each>
               </array>
              </xsl:when>
              <!-- Otherwise need to make an object out of this -->
              <xsl:otherwise>
               <object>
					<!-- For each element and attribute make a member -->
				  <xsl:for-each select="@*|*">
                     <xsl:apply-templates select="."/>
                  </xsl:for-each>
                  <!-- Wrap text in a _text node only for simple types -->
				  <xsl:if test="string(.)">
                     <member name="value">
                        <array>
                           <xsl:for-each select="tokenize(.,' ')">
                              <number>
                                 <xsl:value-of select="."/>
                              </number>
                           </xsl:for-each>
                        </array>
                     </member>
                  </xsl:if>
               </object>
            </xsl:otherwise>
         </xsl:choose>
      </member>
   </xsl:template>
<xsl:template priority="1" match="ITEM/DIMENSIONS" mode="wrap">
      <object>
         <xsl:apply-templates select="."/>
      </object>
</xsl:template>
<xsl:template priority="1" match="ITEM/DIMENSIONS/text()" mode="#all">
      <array>
         <xsl:for-each select="tokenize(.,' ')">
            <number>
               <xsl:value-of select="."/>
            </number>
         </xsl:for-each>
      </array>
 </xsl:template>
<xsl:template priority="2" match="ITEM/DIMENSIONS/@UNIT" mode="#all">
      <member name="UNIT">
         <string>
            <xsl:value-of select="."/>
         </string>
      </member>
 </xsl:template>
 

XSLT to convert JSON to XML

			

<xsl:template priority="1"
                 match="member[@name='BOOK']/object/member[@name='DIMENSIONS']/object">
      <xsl:apply-templates select="*"/>
   </xsl:template>
   <xsl:template priority="1"
                 match="member[@name='BOOK']/object/member[@name='DIMENSIONS']/string |
                        member[@name='BOOK']/object/member[@name='DIMENSIONS']/number">
      <xsl:value-of select="string()"/>
</xsl:template>
   <xsl:template priority="1" match="member[@name='BOOK']/object/member[@name='DIMENSIONS']">
      <xsl:element name="DIMENSIONS" namespace="">
         <xsl:apply-templates select="*"/>
      </xsl:element>
   </xsl:template>
   <xsl:template priority="1"
                 match="member[@name='BOOK']/object/member[@name='DIMENSIONS']/object/member[@name='value']">
      <xsl:copy-of select="string-join( array/(number|string) , ' ')"/>
 </xsl:template>

<xsl:template priority="2"
                 match="member[@name='BOOK']/object/member[@name='DIMENSIONS']/object/member[@name='UNIT']/string |
                        member[@name='BOOK']/object/member[@name='DIMENSIONS']/object/member[@name='UNIT']/number">
      <xsl:value-of select="string()"/>
</xsl:template>
<xsl:template priority="2"
                 match="member[@name='BOOK']/object/member[@name='DIMENSIONS']/object/member[@name='UNIT']">
      <xsl:attribute name="UNIT" namespace="">
         <xsl:apply-templates select="*"/>
      </xsl:attribute>
 </xsl:template>
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Abstract
On the surface, XQuery and XSLT are very different languages. Users tend to prefer one language or the other. XSLT users are loath to give up the power of template rules; on the other hand, users of XQuery prefer its concise, composable syntax and perhaps wouldn't dare writing code in XML. There are good historical reasons why they are not the same language. For one thing, XSLT came first, and XQuery was designed more with SQL users in mind. However, the two languages share the same data model and a large syntactic subset (XPath 2.0), which raises the question: Is there a way to yield the unique benefits of both languages without having to continually decide between the two? The answer is yes. Carrot, an appetizing hybrid of XQuery and XSLT, lets you have your cake and eat it too.
Copyright © 2011 MarkLogic Corporation



Introduction

Carrot combines the best that XQuery and XSLT have to offer:

	
the friendly
syntax and composability of XQuery expressions, plus


	
the power and
flexibility of template rules in XSLT.




Carrot can also be (loosely) thought of as an alternative, more
composable syntax for XSLT.




Background and
influences

Carrot is not the first XSLT-inspired project to provide a shorter
syntax than XSLT itself. Syntax shorthands have included Paul
Tchistopolskii's XSLScript, Sam
Wilmott's RXSLT, and another
project called XSLTXT. Although
none of these projects provided direct inspiration for Carrot, they
all address one of the same desires that Carrot addresses: being
able to program in XSLT more concisely. However, unlike these
projects, Carrot addresses more than XSLT's verbosity. It also
addresses XSLT's limited composability. For example, in XSLT you
can't include an element constructor in a path expression (like you
can in XQuery and Carrot) or apply templates inside a path
expression (which you can uniquely do in Carrot).
A
more direct inspiration was James Clark's proposal for Unifying XSLT and XQuery
element construction. Written during the early days of
the W3C activity on XQuery, that proposal suggested that XQuery and
XSLT language constructs could be used interchangeably if XQuery
used an XML-based syntax (via a simple document element wrapper).
As we now know, things didn't turn out that way. Carrot takes
essentially the opposite approach. Rather than make XQuery use an
XML-based syntax like XSLT's, make XSLT (Carrot, actually) use a
non-XML-based syntax like XQuery's.

Carrot is also inspired by Haskell's syntax, which defines
functions using pattern-matching and an equation-like syntax.



Introduction by example

Carrot is best understood by example. Here's an example of XSLT's
syntax for a template rule (henceforth "rule"):
<xsl:template match="para">
  <p>
    <xsl:apply-templates/>
  <p>
</xsl:template>

In Carrot, you'd write the above rule like this:
^(para) := <p>{^()}</p>;
There are a few things to note
about the above. To define a rule in Carrot, you use the same
operator that XQuery uses for binding variables
(:=).
Everything on the right-hand side up to the semi-colon is an
expression in Carrot. An expression in Carrot is simply an XQuery
expression, plus some extensions. In this case, the expression is
using the extended syntax for invoking rules:
^()

which is short for:
^(node())

just as:
<xsl:apply-templates/>

is short for:
<xsl:apply-templates select="node()"/>

All rules belong to a ruleset (equivalent to a "mode" in
XSLT). The above examples use the unnamed ruleset (there's just one
of these). Here's an example that belongs to a ruleset named
"toc":
^toc(section) := <li>{ ^toc() }</li>;

The above is short for:
<xsl:template match="section" mode="toc">
  <li>
    <xsl:apply-templates mode="toc"/>
  </li>
</xsl:template>

Here's the identity transform in Carrot:
^(@*|node()) := copy{ ^(@*|node()) };

This recursively copies the input to the output, one node at a
time.
Here's a Carrot script that
creates an HTML document with dynamic content for its title and
body, converting <para> elements
in the input to <p> elements
in the output:
^(/) :=
 <html>
   <head>
     { /doc/title }
   </head>
   <body>
     { ^(/doc/para) }
   </body>
 </html>;

^(para) := <p>{ ^() }</p>;

As a comparison, here's what you'd have to write if you were using
regular XSLT:
<xsl:transform version="2.0"
  xmlns:xsl="http://www.w3.org/1999/XSL/Transform">

  <xsl:template match="/">
    <html>
      <head>
        <xsl:copy-of select="/doc/title"/>
      </head>
      <body>
        <xsl:apply-templates select="/doc/para"/>
      </body>
    </html>
  </xsl:template>

  <xsl:template match="para">
    <p>
      <xsl:apply-templates/>
    </p>
  </xsl:template>

</xsl:stylesheet>
Just
as in XSLT, rules in Carrot can be associated with more than one
mode. In XSLT, this template rule belongs to two modes:
<xsl:template mode="foo bar" match="bang"/>
Here's the equivalent rule in
Carrot, belonging to two rulesets:
^foo|bar(bang) := ();

 
 Carrot definitions

 A
Carrot module consists of a set of unordered definitions. Unlike XQuery, there is
no distinction between main modules and library modules. Likewise, a Carrot module has no "body." Instead, there are only definitions.
Carrot is more like XSLT in this regard. Also unlike XQuery, Carrot modules need not be associated with a namespace.

There are three kinds of
definitions in Carrot:


  	global variables,


  	functions, and


  	rules.




Global variables

A global
variable definition is very similar to a variable declaration in
XQuery, except that you don't need the "declare variable" verbiage.
Whereas in XQuery you would write:
declare variable $foo := "a string value";
In
Carrot you would instead write:
$foo := "a string value";


Functions

A
function definition is just like a function declaration in XQuery
except that you don't need the "declare function" verbiage and,
instead of curly braces, you use the same binding operator (:=) as
a variable definition. For example, whereas in XQuery, you would
declare functions like this:
declare function my:foo() { "return value" };
declare function my:bar($str as xs:string) as xs:string { upper-case($str) };
In
Carrot, you would instead write:
my:foo() := "return value";
my:bar($str as xs:string) as xs:string := upper-case($str);
Why
not just use the regular XQuery syntax? Two reasons: conciseness
(lower signal-to-noise ratio) and consistency (with the other two
types of definitions).


Rules


The third type of definition is a rule. This
corresponds to a template rule in XSLT. For example, this rule
matches any element node (*):
^foo(*) := "return value";

Unlike a function definition, the "argument"  of a rule definition ("*" in the above case)
is not an (optional) formal
parameter list; instead it is a required pattern (as XSLT defines a
pattern). Thus, it's illegal to have an empty set of parentheses in
a rule definition:
^foo() := "return value"; (: NOT LEGAL :)
Note
the asymmetry with ruleset invocations, where it is legal to call ^foo(), which is short
for ^foo(node()).
Of
course, rules can also have parameters (just as template rules can
have parameters in XSLT). The syntax for declaring these is very similar to an XQuery function parameter list, except that it comes after the pattern and is
separated from the pattern by a semicolon:
^foo(* ; $str as xs:string) := concat($str, .);


Carrot also supports tunnel parameters, as in XSLT. To indicate a tunnel parameter, you add the keyword "tunnel" before the parameter:

^foo(* ; tunnel $str as xs:string) := concat($str, .);


Unlike XQuery functions, parameters in a rule are identified by name, not position. Thus the syntax for passing them looks very similar to how they are declared, and the order of parameters is insignificant. The following expression applies the "foo" ruleset to the context node, passing the tunnel parameter $str with the value "Hello":


^foo(. ; tunnel $str := "Hello")


What about conflict resolution among multiple matching rules? Carrot behaves the same as XSLT: rules with higher import precedence win, followed by rules with higher priority. Default priority is based on the syntax of the pattern, just as in XSLT. You can also specify the priority explicitly (right before the binding operator :=), as in the first rule of this example, which explicitly sets the priority to 1:


^author-listing( author[1]      ) 1 :=           ^();
^author-listing( author         )   := ", "    , ^();
^author-listing( author[last()] )   := " and " , ^();



 
Carrot expressions
The
right-hand side of a Carrot definition, whether it be a variable,
function, or rule, is a Carrot expression. The context for the
expression evaluation is the same as it is for sequence
constructors within a template rule in XSLT. For example, the
context node is the node matched by the rule's pattern.
A
Carrot expression is an XQuery expression with some extensions:

	
ruleset
invocations — ^mode(nodes)


	
shallow copy{…}
constructors


	
text node
literals — `my text node`



Let's
look at each of these extensions in turn and the rationale behind
each one.

 
Ruleset invocations

Ruleset invocations (i.e., "apply-templates" in XSLT) are largely
Carrot's raison d'etre. They are not possible in XQuery; thus, the
extension is required. Not only that, but XSLT can't invoke rules
(apply templates) in an expression either. In Carrot, all
definitions are bound to an expression, so the only way to "do"
anything is to write an expression. (Unlike XSLT, Carrot does not
make a distinction between "instructions" and "expressions";
everything is an expression.)

 
Shallow copy
constructors

Shallow copy constructors are possible in XSLT but not XQuery. The
difference between a copy constructor and using an XQuery element
constructor is that, in the latter case, the namespace context
comes from the query rather than the source document. XQuery allows
you to perform deep element copies from the source document, but
not shallow copies. Without this ability, modified identity
transforms are impractical in XQuery. The semantics of Carrot's
copy constructor are essentially the same as XSLT's
<xsl:copy> instruction. For example, when the context node is
not an element node, it behaves the same as if a deep copy were
being performed.
XSLT 2.1/3.0 promises to add a "select" attribute to <xsl:copy> to make it convenient to perform a shallow copy of a node other than the context node. This is largely unnecessary in Carrot, since copy constructors can be easily composed within an expression, making it convenient to write, for example, foo/copy{…}.

 
Text node literals

Carrot also adds text node literals, using the back-tick (`) for
 the delimiter. This extension may at first seem to be of minimal
value, since XQuery already allows you to construct text nodes
using text{…}, and strings using quotes (or apostrophes).
However, in practice, text node literals will often be the
preferred syntax, as the following examples should make clear.
Consider the following template rules in XSLT:
<xsl:template mode="file-name" match="doc">doc</xsl:template>
<xsl:template mode="file-ext" match="doc">.xml</xsl:template>
 
<xsl:template match="/doc">
  <result>
    <xsl:apply-templates mode="file-name" select="."/>
    <xsl:apply-templates mode="file-ext" select="."/>
  </result>
</xsl:template>
In
Carrot, you might naturally rewrite the above as follows:
^file-name(doc) := "doc";
^file-ext (doc) := ".xml";
^(/doc)         := <result>{ ^file-name(.), ^file-ext(.) }</result>
The
problem is that this will produce an undesired result:
<result>doc .xml</result>
The
extra space results because of the way in which sequences of atomic
values are combined to make a text node in XQuery. Contiguous sequences of text nodes, on
the other hand, are merged together without any intervening spaces,
so you could fix things by using explicit text node
constructors:
^file-name(doc) := text{"doc"};
^file-ext (doc) := text{".xml"};
The
problem here is that it may be an edge case with a large syntactic
cost if you want to cover your bases (six extra characters for
every text node). If in 90% of cases, using a string will result in
the exact same behavior as if you had used a text node, you will be
strongly tempted as a user to use quotes instead of text{…}
everywhere. However, you will get bugs in the remaining 10% of your
code because of the way sequences of strings are concatenated to
make a text node in XQuery.

Whereas it's more verbose in XQuery to construct a text node (using
text{…}) than it is to return a string (using quotes), it's more verbose in
XSLT to return a string (using <xsl:sequence>) than it is to
return a text node (using a literal text node in the stylesheet). Text node literals in Carrot address this imbalance by
making it equally convenient to create text nodes and strings.
Thus, we naturally rewrite our Carrot definitions to get the
desired result, without having to think about whether this is an
edge case or not:
^file-name(doc) := `doc`;
^file-ext (doc) := `.xml`;
The existence of text
node literals makes it easy to follow a simple rule: use text node
literals when you are constructing part of a result document; use
string literals when you know you want to return a string.

 
Expression semantics

Expressions in Carrot, unless otherwise noted here, are assumed to
have the same semantics as in XQuery. Carrot operates on exactly
the same data model as XQuery 1.0 and XPath 2.0.
One
exception is that namespace attribute declarations on element
constructors in Carrot do not affect the default element namespace
for XPath expressions. Carrot is more like XSLT in this regard, in
that it makes a distinction between the default namespace for input
documents and the default namespace for output documents
("xpath-default-namespace" in XSLT), thereby correcting what is
arguably a design bug in XQuery.

 
What about xsl:for-each,
xsl:for-each-group, etc.?
Given
that XQuery expressions do not include everything that it's
possible to do in an XSLT template rule, that begs the question:
What do all the XSLT instructions get mapped to in Carrot? In many
cases, Carrot simply does not have an analogue. In some cases,
that's because XQuery already provides a different way to achieve
the same use case. For example, <xsl:for-each> does not have
a direct analogue in Carrot. For iteration over a sequence, you can
use "for" expressions, or even just "/" when applicable. The
following Carrot (and XQuery) expression constructs a new
<bar> element for each <foo> element, rendering
<xsl:for-each> unnecessary for this case: foo/<bar/>. Similarly,
Carrot does not support <xsl:sort>. For sorting sequences in
Carrot, you would instead use "order by", as in XQuery. Local
variables are defined using "let" expressions. Etc.
The
biggest area not currently addressed by Carrot—and which remains
an open question—is how to perform grouping. There are a few
answers to this question, not all mutually exclusive:

	
Extend Carrot to support grouping.


	
Import an XSLT
2.0 stylesheet when you need grouping.


	
Wait for
grouping to be added to XQuery 3.0 expressions and use
those.



At
this stage, the operative answers to this question are #2 and
#3.

Designing support for multiple output documents (corresponding to
<xsl:result-document> in XSLT) and how it interacts with
document{} node constructors is on my TODO list. (If you have ideas, I'd be happy to hear them.)



Implementation strategy

Carrot is being implemented by compilation to XSLT 2.0. Several
things are worth noting about this:

	
Each Carrot
module compiles to an XSLT 2.0 module.


	
Carrot can
include and import other Carrot modules or XSLT
modules.


	
Carrot can also
import XQuery modules, but since this is not supported directly in
XSLT 2.0, the semantics depend on your target XSLT processor (e.g.,
<saxon:import-query> in Saxon and <xdmp:import-module>
in MarkLogic Server)




Carrot is still in the process of being defined more formally. The
current strategy for defining and implementing Carrot is as
follows:

	
Create a BNF grammar for Carrot


	
Hand-convert the EBNF grammar for XQuery expressions to
BNF


	
Extend the
resulting BNF to support Carrot definitions and
expressions






	
Use yapp-xslt

to generate the Carrot parser from the Carrot BNF


	
Write a
compiler in XSLT 2.0 to convert parsed Carrot modules to XSLT 2.0
modules



The
syntax for other top-level constructs, such as namespace
declarations, serialization options, and parameter definitions are
still being worked out. Some mock-up examples can be found at the
project's home page: http://github.com/evanlenz/carrot


Future directions

Carrot is both a practical tool and a research project. I'm trying
to find the right balance between innovation and sticking to the
syntax and/or semantics of XPath, XSLT, and XQuery. I'm excited by
the future possibility of using XML-oriented scripting languages in
the browser, as made possible by projects like Saxon-CE
and XQIB. I'm convinced that
XSLT's syntax is an obstacle to mainstream adoption as a browser
scripting language. Carrot, or something like it, could help
overcome such obstacles.
As a
research project, the ideas at the heart of Carrot may possibly
influence the longer-term W3C work, as XQuery and XSLT continue to
move closer to each other. I'm already quite satisfied by the
composability that Carrot provides in contrast to XSLT. That said,
I'm always itching for more features in the XPath/XQuery/XSLT
triumvirate. As a sample, here are two.


Simple mapping operator
I
think XPath needs a "simple
mapping operator" that behaves similarly to "/" except without
its restrictions and special behavior with regard to node
sequences. This is one possible extension that could be added to
Carrot, without having to wait for XSLT/XQuery 3.0 (if it's
even being considered for inclusion).


Mode merging

Another more recent idea (which would be straightforward to
implement in Carrot) would be "mode merging."
In XSLT, a single template rule can declare
itself to be a part of more than one mode. However, a single call
to apply-templates cannot invoke rules in more than one mode. The
ability to merge modes would provide a static mode extension
mechanism, the chief benefit of course being that you wouldn't have
to go add a new mode to each template rule's list of modes (and in
the case when it's in the default mode, go add mode="#default new-mode" to each
rule).
In
XSLT:
<xsl:apply-templates mode="foo bar"/>

In Carrot:
^foo|bar()
This
would be especially handy in multi-stage transformations where each
stage of processing makes an incremental change to its input, but
some stages need to handle things slightly differently, for
example, to avoid transforming an already-converted element more
than once. Mode merging would allow you to invoke statically
determined subsets and supersets of rules.


Underlying language
development

Finally, Carrot is a project that can grow with the languages it is
based on. As various features are added in XSLT/XQuery 3.0, such as
JSON support or the ability to apply templates to sequences of
atomic values, Carrot will (happily) be updated accordingly.
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      Abstract
The NISO Journal Archiving Tag Suite (JATS, formerly known as ‘the NLM DTD’) is a 
        common format used in
        publication of scientific literature. JATSPack, a proposal based on the new EXPath Packaging System,
        provides a way to package schema customizations and software 
        libraries associated with any of the JATS schemas, thus making it easier for developers 
        to distribute JATS-related resources and easier for users to acquire, install, and use them. 
        JATSPAN (the JATSPack Archive Network) is
        a website allowing users to share and collaborate on JATSPacks. A client-side command
        line tool, jatspan, interacts with the site and eases the task of 
        maintaining local repositories of JATSPacks. 
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    Background

     "JATS", the Journal Article Tag Suite,
      is a relatively new name given to the NLM Journal
        Archiving and Interchange Tag Suite, which is a set of XML schemas used in the
      publishing of scientific literature. These schemas originated initially to meet the needs of
        PubMed Central, for archiving and
      presenting journals and articles, and have grown to become widely used 
      throughout the scientific publishing industry. 

     JATS was recently released as a NISO standard for trial use. The JATS schemas are downloadable from the NLM site,
      and come in several flavors[1], which have different semantics and use cases. These
      include Archiving and Interchange (green), Journal Publishing (blue), and Article
      Authoring (pumpkin). They also come in three different formats: DTD, W3C Schema, and Relax NG.
      Most publishers who use the JATS choose to use the DTD format (C). 
      Although they are still
      often referred to as the "NLM DTDs", this paper will use the terms "JATS" and "JATS schemas", to
      be clear that: A) the standard is now NISO, and is no longer specifically issued by
      the NLM; and B) it is not just DTDs, but also other schema formats.  One unfortunate aspect of
      the JATS acronym is that the tag suite is not limited to Journal Articles, but can be used for
      other types of documents (books, for example).
    

  

  
    Introduction

     This paper describes JATSPack, which is a packaging format based on the new EXPath Packaging System specification.
      JATSPack provides a well-defined way of packaging customizations and libraries associated with
      any of the JATS schema. JATSPacks are bundled packages of catalog files, schema,
      documentation, code, and sample files, all with a coherent purpose. The JATSPack format was
      primarily designed to facilitate the exchange and reuse of JATS customizations, but it could
      also be used to package and transfer code libraries — for example, XSLT transformations to
      translate JATS to/from some other format. JATSPack can be thought of as a format for 
      plugin modules, with each
      plugin providing a bundle of new functionality which can be easily installed into an XML 
      toolset. 

    
      
        JATSPack and JATSPAN are not part of the NLM/NISO JATS.  
        JATSPack is a proposed specification that is completely independent of the tag suite.
        JATSPAN is a non-commercial web site with no affiliation with 
        NLM or 
        NISO.
      

    
     JATSPack specifies a directory structure and a package descriptor file format.
      The package descriptor file, similar to a manifest file in other packaging formats,
      describes the contents, metadata about the included resources, and the dependencies of the 
      pack. 


     Establishing this format will facilitate the automatic installation and
      maintenance of libraries and of schema extensions, which should allow easier reuse and
      interchange of the schema themselves.  This, in turn, should allow for easier interchange 
      of JATS document instances.  
    


     JATSPAN, the JATSPack Archive Network, 
      is a website similar in
      concept to the very successful CPAN 
      (Comprehensive Perl Archive
      Network). Its main purpose is to allow users to share and collaborate on JATSPacks. 
      Authors can upload their customizations or libraries, and can search for and 
      download JATSPacks produced by
      others.  Every JATSPack can be downloaded in one of two formats.  The contents are 
      exactly the same, but the download files differ in their filename extension:  a .xar file, 
      which is the extension used by the EXPath Packaging System, or as a .zip file, so that the
      package can be used stand-alone, without any special infrastructure.
    

    
      Providing a centralized repository like this will make it easier to discover
      packs that might be relevant to one's needs, as well as making it easier to install and manage
      them on the local system. 

     Associated with JATSPAN is a command-line client, jatspan (lowercase),
      which runs on a user's machine and
      maintains a local on-disk repository. jatspan has a
      simple interface and lets users look up and install packages from JATSPAN. One benefit
      to this architecture is that dependencies between packs can be resolved automatically. For
      example, if users want to install packs that depend on others, they don't have to
      figure out where to go to get these, and then, perhaps, be frustrated by different
      directory structures and installation requirements. Instead, the dependency packs are
      found, downloaded, and installed automatically. 

     The software and the baseline set of data files for these are being developed in the 
      "jatspan" open source project on
        SourceForge. 

  


  
    Use Cases

     The following are a few examples of use cases that these specifications are designed to
      address. 


    
      A publisher installs support for a third-party JATS customization

       Suppose a publisher wants to integrate support for document instances that conform to
        some customization of JATS that was not developed in-house. Very often, document instances,
        if they even have a document type declaration (doctype decl) at all, 
        do not include an absolute
        system identifier (a URI) to reference the DTD.  
        So, at a minimum, either an OASIS catalog entry must be
        added to a local catalog file to cross reference the formal public identifier 
        (FPI) to the DTD served somewhere on the Internet, or the DTD
        must be downloaded and installed on the local filesystem, and the XML processors be made
        aware of it. This is not especially difficult, but does require a certain level of expertise
        and coordination of system resources. 

       If the customization were packaged in the JATSPack format, then the
        necessary setup would be more automated. It would be as easy as identifying the desired
        pack and using the jatspan utility to install it in the local repository. 
        The jatspan
        utility automatically updates the local OASIS catalog file with a <nextCatalog>
        entry to
        point to the new JATSPack. So any tool that is able to use 
        OASIS catalogs to resolve
        identifiers would automatically get access to the new schema files without any additional
        work.

      
        The important point here is that, because of the way the JATSPack format incorporates 
        OASIS catalog files, this system can be used with any XML processing tool, not just ones
        that are JATSPack-aware.  This is tested and works right now for both 
        the oXygen XML editor and the 
        libxml2 library.

      
        This use case is described in more detail in the TaxPub 
        example, below. 

    

    
      A developer writes a new translator, and shares it with others

       In this use-case, suppose that a developer that has written a
        transformation from JATS into a new file format. It could be someone who did it for fun or,
        perhaps, a company has a vested interest in promoting the file format.
        For whatever reason, let's say that they want to share it with others and try to
        get others to adopt it and integrate it into their systems.
      

       
        Right now, there is no standard way to
        present this transformation library to the world. Typically, the library would be presented
        for download on the developer's website, as a Zip file, with a README file that includes
        instructions for unpacking and installation.  The actual details of packaging the
        library, finding a place to put it, and letting others know about it, involve a lot of
        detailed decisions.  Each individual step is not difficult, but taken together, they
        present a barrier to this kind of sharing of code libraries.
      

       
        All this is ripe for standardization.  Indeed, this is the main raison d'etre
        for the EXPath Packaging specification.        
        The transformation languages in which these
        are usually written, XSLT, XQuery, and XProc, are mature enough that they can be written in
        a portable, system-independent way. 
        The JATSPack format is specified and JATSPAN provides many examples, which reduces the
        burden of making decisions about how exactly to package the bundle.
        JATSPAN provides a publically-accessible place to upload packages, so developers
        don't have to find places on their own websites for them.
        If a library were created as a JATSPack, and were put
        on JATSPAN, it would be easier for potential users to discover and install. 
        If this
        library had dependencies on others, then those others would not have to be bundled with
        this package. The
        jatspan client program would take care of resolving these dependencies automatically. 

       This use case is discussed in more detail in the 
        EPub Transforms example, below. 

    

    
      A publisher evaluates JATS for the first time

      
        A publisher or a developer who is introduced to the JATS for the first time
        can be a bit overwhelmed.  To be sure, JATS is extremely well documented,
        as one can readily see by browsing the 
        NLM web site.
        Yet the fact that JATS have been in use for a long time, and that there are
        now many different branches (flavors) and versions, can make them seem,
        to someone who is not familiar with them, complicated.
      

      
        Someone who wants to evaluate the suitability of JATS for their particular
        needs might want to be able to quickly set up a system that can process
        any JATS instance document, regardless of what flavor or version that instance
        document conforms to.  This is difficult to do, because each flavor and each
        version of the JATS is distributed as a separate, flattened Zip file which 
        includes the bundled version of all of the files needed for that particular
        set.  For example, the books 
          2.3 DTD Zip file includes all of the
        books-specific modules, as well as all of the shared modules, and even
        the xhtml and mathml2 library modules.
      

      
        For each flavor/version of interest, it is necessary to download and extract
        the Zip file, and then manually tweak the provided OASIS catalog file for 
        that set, and then point your XML tool set to use that catalog
        file.  
        Because there are so many different tag set bundles, it would be quite
        time-consuming to configure a system that is able to use them all.
        This is not seen as a problem, because this is not the primary 
        use-case that the NLM site is designed to serve.  
        They provide stand-alone bundles specifically so that a user who
        is interested in only, for example, Publishing 2.3, can download that version
        and not be confused by all of the others (Jeff Beck, personal communication,
        3/22/2011).
      

      
        But if someone is interested in configuring a system that can
        understand and process any JATS instance document; either for the purposes
        of evaluating JATS, or so that they can exchange documents with other
        organizations, it would be quite difficult.
      

      
        To address this use case, and to provide a basis for the JATSPack 
        architecture, I have repackaged all of the JATS DTD modules as JATSPacks, 
        put them into a single bundle, and made the
        repackaged versions available on JATSPAN.  
        This base bundle is (optionally) installed automatically when you first
        run the jatspan client utility, as part of its setting up the
        JATSPack repository.
        See 
          Existing JATS DTDs are available as JATSPacks below for details.
      

    

    
      A publisher develops a new JATS customization

       Let's say that a publisher has a need to customize the JATS, in order to include
        domain-specific data within the source documents in their database. This is actually the
        primary use-case that JATSPack was designed to address, and this is the complement of
        the first use case described above.  That use case 
        described customizations from the user's perspective, and this use case describes them
        from the author's perspective.
      

      
        There are a number of concerns that
        tend to make people reluctant to define customizations.  Among the most prominent of these
        is that a customization to the JATS might make their
        documents less portable.  This use case is discussed in detail in the
        Customizations and Compatibility section, below.
      

    
  

  
    JATSPack


    
      EXPath Packaging - the basis for the JATSPack format


       JATSPack is an extension of the 
        EXPath 
          Packaging System (hereinafter EXPath-pkg, written by Florent Georges).
        EXPath-pkg is a simple, concise format for the packaging of files of various core
        XML technologies, including XML Schema, Relax NG, Schematron, NVDL, XSLT, XQuery, and 
        XProc (T).
        It also provides a flexible extension mechanism which is exploited by JATSPack to define
        additional file types, and other requirements specific to its needs. 

      
       As defined by EXPath-pkg, a package is a set of files that fulfill a common purpose.
        Each package has a globally unique name (which is a URI) and an abbreviated name (hereafter
        referred to as abbrev), an NCName. 
        Abbrev values are case-insensitive, and, by convention,
        all lowercase. A component is one file within a package, and can be one of several different
        types. 

      
       A package includes a package descriptor (similar to a JAR manifest file) which lists
        the package contents and top-level metadata about the package. This metadata includes the
        URI name, abbrev, version number, and a list of dependencies. 
        Finally, all the files of a
        package are arranged in a specified directory structure, and used to create a Zip file, which
        by convention is given a name based on the abbrev, the version number,
        and a ".xar" extension. 


       EXPath-pkg is an emerging standard which is already supported by several tools,
        including the eXist and Qizx XML databases, the Saxon XSLT and XQuery processor and the
        Calabash XProc processor. (Support in Saxon and Calabash is via third-party plugins.) It is
        also implemented as an open-source Java library, hosted as the
        expath-pkg project
        on Google Code. 

      
       The goal of JATSPack is to be a forward-compatible extension of EXPath-pkg[2], 
        meaning that any system that
        is capable of deploying EXPath packages will be able to deploy JATSPacks (although 
        not all of the features of JATSPacks would be fully exploited). Note that, in fact, both
        EXPath packages and JATSPacks are forward-compatible extensions of 
        simple Zip files, meaning that
        JATSPacks could be used by anyone, without any special infrastructure at all, just by
        unzipping them onto the local filesystem. 

       JATSPack extends EXPath-pkg as follows.
        

          	
            
              JATSPack-specific extensions to the package
              descriptor file. This will include the ability to record the author, 
              release date, and other
              metadata.  See Overall structure of 
                JATSPacks, below, for more information about this.
            

          

          	
            
              Addition of the OASIS catalog file type.
              See OASIS Catalog files, below.
            

          

          	
            
              Addition of documentation file types. See  
              Documentation, 
              below. 
            

          

          	
            
              Sample instances documents. If the pack includes a schema
              customization, then it should include a set of sample documents.
              See Sample files and automated tests,
              below.
            

          

          	
            
              More specific directory
              structure. EXPath-pkg is very loose about the directory structure of 
              files within the main
              package directory. JATSPack specifies this structure more explicitly. 
            

          

          	
            
              Requirement for two-part abbrevs[3].   Currently, EXPath-pkg abbrevs
              are simple NCNames.  In JATSPack, they are two NCNames separated by a slash.  
              For example, "nlmjats/archiving".              
            

          

        

      
        Another source of
        inspiration for the JATSPack format was the 
        One 
          Document Does it all (ODD) format of TEI.
        The ODD has very clean structure, which encourages literate programming (documentation
        and code in the same source document), examples of usage, clear separation of concerns, and
        best of all, encapsulation of all the relevant data into a single document with a
        standardized structure (I). 
        The JATSPack format strives to be similar to ODD, and could even be
        thought of as encapsulating the library or customization in one document, 
        if one expands the
        definition of "document" to include "Zip file" (which is quite reasonable). 

    


    
      Overall structure of JATSPacks
[4]

       As already mentioned, every JATSPack must have an 
        abbrev and a version number.  In JATSPack, in order
        to help ensure that the abbreviated names will be unique, they are composed of
        two parts, each of which is an NCName (by convention, all lowercase, and the underscore 
        character should not be used in either part).  
        These are separated by a forward slash in the package descriptor file, for example,
        "nlmjats/archiving". 

      
        The name of the package file is specified to be
        abbrev-ver.xar. 
        When the two part abbrev is used in the package
        filename, the forward slash is translated into an underscore.  For example,
        "nlmjats_archiving-1.0.xar".
        The actual low-level format of the file is that of a
        Zip file, and the directory structure within that archive is as shown here[5]. 

      [root]
    abbrev-1/
        abbrev-2/
            README.txt (optional)
            expath-pkg.xml
            catalog.xml
            dtd/
            rng/
            rnc/
            xsd/
            xslt/
            xquery/
            xproc/
            doc/
            samples/
            resources/
            test/

       At the top two levels are directories corresponding to the two parts of the
        abbrev.
        Within the package contents directory are the EXPath-pkg descriptor file expath-pkg.xml, 
        and optionally a README.txt file.  Also in this
        directory are an OASIS catalog file and one
        subdirectory for each of the main file types of the package. 

       The expath-pkg.xml file format is described in T. Extensions to the file format, as
        allowed by the extension mechanism, allow us to include metadata specific to JATSPacks.
        The 'jp' namespace prefix is used for this. 
      

      The following is an example of what the package descriptor file would look like
        for a hypothetical customization of
        the base Archiving and Interchange Tag Set, version 3.0, designed to add elements
        and attributes to describe filesystems[6].  

      <package xmlns="http://expath.org/ns/pkg"
         xmlns:jp='http://jatspack.org/ns/jatspacks'
         xmlns:dc="http://purl.org/dc/elements/1.1/"
         xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
         abbrev='sys/archiving-3.0-filesystem'
         name='http://jatspan.org/jatspacks/sys/archiving-3.0-filesystem'
         version='0.1'
         spec='1.0'
         jp:spec='0.1'>
            
  <title>Filesystem customization of JATS Archiving 3.0</title>
  <dependency package='http://jatspan.org/jatspacks/nlmjats/archiving'
              semver='3.0'/>
            
  <rdf:Description>
    <dc:creator>Chris Maloney</dc:contributor>
    <dc:date>2011-04-04</dc:date>
    <dc:description>
      This customization of the Archiving and Interchange Tag Set, version 3.0,
      adds filesystem-related elements and attributes, for describing computer
      filesystems within instance documents.
    </dc:description>
    <dc:language>en</dc:language>
    <dc:rights>This work is in the public domain.</dc:rights>
  </rdf:Description>
            
  <!-- Package contents.  -->
  <jp:catalog>
    <file>catalog.xml</file>
  </jp:catalog>
  <xslt>
    <import-uri>http://jatspan.org/ns/jatspacks/filesystem/to-archiving.xsl</import-uri>
    <file>xslt/to-archiving.xsl</file>
  </xslt>
</package>


       The top-level <package> element includes 
        attributes that give the abbrev,
        the package name (a URI), and the version of this package. 
        The @spec attribute indicates the version of EXPath-pkg
        that this package descriptor conforms to. The <title> element 
        gives a human-readable title of the package. 

       The @jp:spec attribute is a JATSPack extension to the 
        EXPath-pkg package file format.  This attribute is required for all JATSPacks, 
        and its value gives the version of the JATSPack specification that this
        package conforms to.
      

      
        Another JATSPack extension is the addition of the 
        <rdf:Description> metadata section, which uses the XML
        vocabulary defined by the Dublin Core
        Metadata Initiative (DCMI) to allow authors to describe the package
        in more detail.
      

       EXPath-pkg allows zero-to-many <dependency> elements, 
        each of which indicates a
        dependency of this package. In this example, we see that the 
        filesystem package depends on
        the JATS Archiving 3.0 base JATSPack. 

       The <jp:catalog> element specifies the location of the 
        OASIS catalog file that
        accompanies this package. Finally, the <xslt> element 
        specifies the location of an
        XSLT module, and the URI which is used to import it from other modules. 

    

    
      OASIS Catalog files

       Note that there are no individual entries in the package descriptor for the top-level
        DTD files of this filesystem
        customization.  That's because these DTD modules are specified in the OASIS catalog 
        file, and,
        following the principle of DRY,
        are not duplicated in the 
        descriptor. Resolution of public identifiers (FPIs) and system identifiers (URIs) to 
        DTD modules within 
        this package is delegated to the catalog file mechanism. 

       An elided view of the OASIS catalog file accompanying this package is the following. 

      <catalog xmlns="urn:oasis:names:tc:entity:xmlns:xml:catalog"
         prefer='public'>
  <public publicId="-//JATSPAN//DTD Filesystem Archiving 0.1//EN"
          uri="dtd/filesystem.dtd"/>
  ...
</catalog>

       This catalog file uses the @uri attribute with a relative URI value
        to specify the location of the main DTD included
        with this package. An important point here is that there is nothing special about this
        catalog file. It is usable by any system that can read OASIS catalog files, and does not
        depend on those systems' understanding the JATSPack format. 

    

  

  
    Examples

    
      Existing JATS DTDs, and selected Relax NGs, are available as JATSPacks

       The existing set of 34 complete DTDs of the JATS, as downloadable from the NLM
        archive_dtd and 
        jats FTP sites, has been 
        repackaged as JATSPacks.  In addition, the latest NISO trial versions of the 
        Relax NG schemas have been included in those JATSPacks.  (The older NLM JATS versions
        of the JATSPacks only include the DTDs.)  These can all be downloaded
        from JATSPAN as a single bundle. 
        The DTDs include all seven flavors, and
        up to seven versions of each, going all the way back to version 1.0, and all the
        way up to the recently released NISO trial versions. 
      

       
        As described in the use case "A publisher evaluates JATS for the first time"
        above, each DTD version on the NLM FTP site is downloadable as a single Zip file which 
        includes all of the
        files required for that version, including all the core files that the version
        depends on.  As mentioned, this is very suitable for, for example,
        a publisher or author who is interested in configuring a system
        capable of dealing with a specific flavor and version (for example, Article
        Authoring 3.0) of JATS.
        Unfortunately, however, this method of distribution makes it difficult to implement a 
        single system that's capable of processing instance documents that conform to
        any of the many different versions of JATS. 

       
        Because each Zip file on the FTP site is a complete set of all of the files needed by
        an instance of the DTD, among the complete set of all flavors and versions, there is a lot
        of duplication of files. 
        This leads to some ambiguity when many of these sets coexist on the
        same system at the same time. If the same public identifier is used in multiple catalog 
        files on the
        system, and point to document instances which are not identical, 
        it is difficult for someone
        configuring the system to sort out whether the differences are substantive, and if so,
        which is the canonical instance. 

       The JATSPack base bundle eliminates this redundancy, factors shared modules out into a
        core package, and cleans up a few inconsistencies. 
        The result is a well-defined directory
        structure, with well documented dependencies. Each individual package comes with an OASIS
        catalog file that only has entries for the file in that particular module.  A top-level
        catalog file is provided that uses the <nextCatalog> 
        element to include all of the others. 

       These JATSPack versions of the schema are 100% compatible with those on the NLM site, and
        because of this, the JATSPack versions of the NISO DTDs are fully compliant implementations of
        the NISO standard[7]. 
      

      
        The Relax NG Zip files downloadable from the NLM site do not include OASIS catalog files,
        and so to include these files in the JATSPacks, it was necessary to create entries
        for them.  This is discussed in more 
        detail in Namespaces and Relax NG, below.
      

    

    
      Journal Publishing 3.0 Preview Stylesheets as a JATSPack

       These are a set of preview stylesheets for the
        Publishing tag set, version 3.0, that are available for download from the 
        NLM website. 
        They are authored by Wendell Piez, and are described very nicely in 
        P, from the 
        Proceedings of
          JATS-Con, 2010. 

       These were repackaged into the JATSPack format. This was very straightforward, and
        involved the following steps: 

      
        	
          
            Assigning an abbrev: 
            "html/publishing-3.0-preview"; a name, which is a URI:
            "http://jatspan.org/jatspacks/html/publishing-3.0-preview", and a version: "1.0".
          

        
        
        	
          
            Creating the requisite directory structure. 
          

        
        
        	
          
            Moving files around. The files in this library comprise 14
            XSLT files, nine files of documentation, a CSS resource, and a readme.txt file. 
          

        
        
        	
          
            Reimplementation of all of the shell stylesheets as individual steps defined within a single
            XProc pipeline. At the top level of the preview stylesheets are seven "shell" XSLT files,
            which are basically pipelines. One of the seven should be used depending on choices of
            citation style, desired output format, and content filtering (print only). Unfortunately,
            these shell stylesheets use Saxon-specific extensions and depend on one of the non-free
            versions of Saxon. It makes sense to implement these as an XProc pipeline, with three
            parameters for the choices described above. 
          

        
        
        	
          
            Writing the package descriptor file. This
            involved assigning absolute import URIs to the outward-facing XProc and XSLT modules. 
          

        
        
        	
          
            Zipping it into the file html_publishing-3.0-preview-1.0.xar, and uploading it to JATSPAN. 
          

        

      

            
        By itself, repackaging this library in this way could
        not be considered an improvement over the current deployment of this tool,
        as a Zip file.
        However, there are a few advantages. Since this package is on JATSPAN, it can be searched
        for and discovered on JATSPAN. The documentation can be browsed by anyone from the JATSPAN
        site, without downloading and extracting the package. Anyone using the jatspan client
        utility could install it automatically with the following simple command. 
        
jatspan install html/publishing-3.0-preview

        Anyone with an EXPath-pkg enabled system would have instant
        programmatic access to the XProc stylesheets and XSLT modules, through their import URIs.
        Normally this would require some integration effort, but with JATSPack, it is automatic. 
      

       Furthermore, there are no disadvantages to packaging this way. The JATSPAN site allows
        anyone to download this package as a .zip file (exactly the same file as the .xar, but with
        a different extension), which can then be unzipped on the filesystem and used just as easily
        as before. 

       Another advantage is that other JATSPacks, written by other authors, could
        declare a dependency on this package.  This would simplify the installation and
        integration of those later packages.  And this point makes a good segue to the next example.
      

    

    
      EPub Transformation

       At the JATS-Con last year, Laura Kelly gave 
        an excellent presentation
        on the EPUB format and a set of
        transformations for converting JATS documents into EPUB (AD).
      

       She wrote the transformations in standards-conforming, system independent, XSLT 2.0 and
        XProc. The effort to repackage this as a JATSPack was quite minimal, and involved basically
        the same steps as above. The abbrev assigned to this JATSPack is 
        "epub/jats-to-epub". 

       This set of transformations uses the preview stylesheets described above. The original
        Zip file distribution of this library includes a copy of the XSLT files from the preview
        stylesheets that are used. 
        In the JATSPack, those have been removed, and replaced with a
        dependency declaration in the package descriptor file.  The advantage of this is
      that users can avoid having two copies of the same library (the preview stylesheets)
      on their system at the same time.  In this simple example, it would not be
      a big problem.  But the problem of multiple copies of the same resources
      can get severe as the number of packages and libraries increases.

      
    

    
      Accessible Tables Stylesheet

       The next example is not a JATSPack at all; it is an EXPath-pkg.
        My colleague Martin Latterner wrote a very nice XSLT stylesheet which takes as
        input an XHTML table. The stylesheet computes, for each table cell, which horizontal and
        vertical headers correspond to that cell. The stylesheet then adds classes to the cells and
        headers to explicitly encode the associations. 

       This is necessary so as to properly code tables for compliance with Section 508 of the
        U.S. Rehabilitation Act of 1973, providing for accessibility to the disabled, in particular
        the visually impaired. With tables marked up like this, screen readers can assist visually
        impaired users by reading, for any given table cell, the headers associated with that cell.
        Figure 1, “Accessible Table Illustration” illustrates the result of this transformation.
      

      [image: Accessible Table Illustration]
          
        
Figure 1.Accessible Table IllustrationExample of a table marked up with accessibility classes.
          The data cell pointed to by the mouse pointer (the blue cell) has several header cells 
          associated with it.  Those header cells are highlighted in red.


       Given that tables can have very complicated structures, with multiple 
        @colspan and
        @rowspan cells in different places, this is not a trivial algorithm. 
        

       In addition to the XSLT, Martin also wrote a JavaScript module for testing. The
        JavaScript reacts to mouseover events, and causes the current cell and its associated 
        header cells to be highlighted with a different background color, as shown in 
        Figure 1, “Accessible Table Illustration”.
      

       This stylesheet provides a very specific bit of functionality,
        and is something that other users could benefit from, so it is suitable for
        packaging and putting on a public repository.
        However, since it operates on XHTML tables, and is not JATS specific, it is more
        appropriate to package it as an EXPath-pkg and to put it on CXAN 
        (the Comprehensive XML Archive Network), 
        so that is what we did. 

       The reason this is included as an example in this paper is to illustrate the 
        important fact that JATSPack systems are backwards-compatible with EXPath-pkg. 
        Any system set up to use JATSPacks will also be able to install and use any of the 
        EXPath-pkgs on CXAN. 

       To use this particular accessible tables stylesheet, one would install the EXPath-pkg,
        and then simply import the stylesheet using the import URI defined in the package
        descriptor. It could be wrapped in an XProc step, or the template could be invoked directly
        from another stylesheet. 

    

    
      TaxPub

       TaxPub is a customization of JATS in DTD form, which was described
        in a paper presented at last year's JATS-Con (D).
        The extension
        allows for the encoding of literature of biological taxonomy, and in particular, taxonomy
        treatments, which are blocks of well-structured markup with very specific semantics. It is
        maintained as 
        an
          open-source project on SourceForge, with 
        documentation on the
        project home page. 

       The TaxPub customization comprises a set of DTD files, which defines a set of
        new element names with a "tp:" pseudo-namespace-prefix (e.g. "tp:taxon-treatment"). 

       This has been repackaged as a JATSPack and put on the JATSPAN website. The following is
        a summary of the steps involved: 

      
          	
            
              Assigned a unique abbrev: "taxpub/schema",
              and version:  "0.1".
            

          

          	
             Created the specified directory structure:
              
taxpub/
    schema/
        0.1/
            dtd/
            doc/
            samples/

          

          	
             Moved the TaxPub DTD-specific .dtd and .ent files into the dtd directory. There
              are five of these.
            

          

          	
             Removed the no-namespace-prefix versions of the DTD. These have been deprecated.
            

          

          	
             Fixed the relative system identifiers in each of the TaxPub modules so that they
              reflect the fixed directory structure of a JATSPack installation. This is similar to
              what was done for the base JATS modules. It is not strictly necessary, but has the
              benefit that the same modules can be used on systems that don't support OASIS catalog
              files. 

          

          	
             Fixed the DOCTYPE declarations of the sample files. As downloaded, the included
              sample files' DOCTYPE declarations did not use formal public identifiers (FPIs), 
              and used only relative system
              identifiers. For example:
              
<!DOCTYPE article SYSTEM "../tax-treatment-NS0.dtd">

              These were changed to use FPIs, and the relative system identifier was changed to
              reflect the new directory structure.  For example:
              
<!DOCTYPE book PUBLIC
      "-//TaxonX//DTD Taxonomic Treatment Publishing DTD v0 20100105//EN"
      "../dtd/tax-treatment-NS0.dtd">

              This allows these sample files to be used in the automated tests. They also now serve
              as examples of the proper DOCTYPE declaration to use for instance documents of these
              types. If it is desired that documents of this type be easily exchangeable between
              systems, then it is crucial that document instances be properly self-identifying.
            

          

          	
             Created a catalog.xml file in the base "taxpub" directory. This cross references
              each of the defined FPIs in this customization to it's correct module in the
              package. For example:
              
<catalog xmlns="urn:oasis:names:tc:entity:xmlns:xml:catalog"
         prefer='public'>
  <public publicId="-//TaxonX//DTD Taxonomic Treatment Publishing DTD v0 20100105//EN"
          uri="dtd/tax-treatment-NS0.dtd"/>
  ...
</catalog

          

          	
             Moved the documentation into the docs directory. 

          

          	
             Created a new README.txt file, adapted from the existing one, and adding a bit of
              information about the new structure. 

          

          	
             Zipped the result, gave it the name 
              taxpub_schema-0.1.xar, and then uploaded it to the
              JATSPAN website. 

          

        


       To see the advantages of this packaging format, let's consider a very specific
        use-case. Suppose that I am a user who works with the oXygen XML editor, and 
        I find that I have a need to read, edit and validate TaxPub files. 


       If TaxPub were not packaged in a JATSPack, the process of adding support to oXygen
        would not be difficult, but would require a little bit of expertise and some time. I would
        have to download the Zip file, unpack it, and read the README file to see if there are any
        specific instructions I needed to worry about. Then I would find a place for it to reside on
        my filesystem and move the files there. The tricky bit is then to set up oXygen to
        understand the public identifer, and have it retrieve the correct DTD. I could either add an entry to my
        own personal catalog file (if I have one), add it to oXygen's master catalog file,
        or set up a "document type association" inside oXygen. 


      
        Now let's suppose instead that I will use the JATSPack version of TaxPub.  
        Of course, there is a bit of
        up-front configuration required, to set up a JATSPAN repository and point
        oXygen to it.  But that is a one-time operation, which then allows me instant access
        to any number of JATSPacks.  Also, this one-time setup is 
        actually quite trivial, and easier than installing the support for the single TaxPub
        document type as described above.  The setup involves two steps: 
        

          	
             Installing the JATSPAN software, and running it for the first time.
              This establishes a JATSPAN repository on the local filesystem. 

          

          	
             Telling oXygen where to find the master catalog file of the JATSPAN repository,
              by adding an entry in the "XML Catalog" preferences box. Note that 
              any tool that is
              able to use OASIS catalog files could be pointed to this JATSPAN master catalog
              file, and would have the automatic ability to reference all of the schema files
              of all of the installed JATSPacks. 

          

        

       After the initial setup is done, to install support for TaxPub as a JATSPack, 
        I need to enter one command:
        
jatspan install taxpub/schema

       That is it — everything else is done automatically. When the TaxPub JATSPack is
        downloaded, a <nextCatalog> entry is added to the JATSPAN repository master catalog
        file, so oXygen instantly resolves any public identifiers defined by TaxPub. After entering the above
        command, I can validate and process TaxPub documents in oXygen. 

    
  

  
    Customizations and Compatibility

     The original motivation for developing 
      the JATSPack specification was to devise a means to package schema
      customizations together with software libraries that allow users to transform documents to and
      from the new schema. This is still, perhaps, the primary use-case. 

     There is an ongoing sea change in the way that scientific research is published and
      presented. The lines between traditional definitions of media types, such as journal articles,
      books, wikis, blog posts, presentations, etc., are continually getting blurred 
      (G). This implies
      that the number of different types of content included with scientific publications is growing
      rapidly. Often it is most appropriate to include disparate types of data with the original
      source documents, and that means either customizing the JATS schema, or providing some other
      means of including it, such as (for example) using the flexible 
      <named-content>
      elements, and adding appropriate layer validation. 


     The TaxPub example illustrates that the JATSPack/JATSPAN infrastructure can facilitate
      interchange of documents and data between organizations. A common theme overheard at last
      year's JATS-Con was that often, individual publishers' versions of their JATS DTDs
      are not interchangeable. In other words, PMC's version of JATS is not the same as
      Highwire's, even if they nominally use the same flavor and version of the tag
      suite. With a small amount of up-front work to resolve discrepancies and repackage
      customizations, this interchange problem can be helped, if not solved. 

     The TaxPub example also serves to illustrate that the cost of doing compatible 
      customizations need not be high. This can lead to easier reuse of existing XML 
      vocabularies. The XML
      landscape is vast, and vocabularies have been defined for wide array of specialized 
      topic domains — biological taxonomy is just one example. 
      As mentioned previously, and as TaxPub illustrates, often it is very
      appropriate and beneficial to mix markup from other vocabularies directly into 
      the instance documents. If the customization is deployed as a JATSPack, then one 
      could make the customization without having to worry quite so much about breaking
      compatibility with existing systems, and the ability to exchange documents. 


     But often one wants to do more with a document than just validate it, and that 
      is where the true power of EXPath-pkg, and by extension JATSPack, lies. 
      Customizations can also be packaged
      with software libraries in XProc, XQuery, and XSLT, that allow users to transform documents to
      and from the new schema. This would facilitate making forwards-compatible schema
      customizations. 


    
      First, let's review what is meant by backwards and forwards compatibility, in the
      context of document schemas.  For this, I highly recommend  
      M.  In a nutshell, backwards compatibility means that existing 
      (version A) documents can be used by new XML processing systems, and forwards 
      compatibility means that newer documents (version B) can be
      used by existing processing systems.
    


     A very successful model of forwards compatibility, that we are
      all familiar with, is the "must ignore" pattern of extensibility of HTML. 
      This stipulates that HTML renderers must ignore any tags that they don't understand. In
      effect, this is a forwards-compatibility extension substitution rule. It allows future
      designers to customize the HTML schema, adding elements and attributes, while being able to
      predict how document instances in the new schema will be processed by old systems. The "must
      ignore" rule is one substitution rule, but it is very limited. If designers could include a
      set of transformations with the new schema, then those designers could define their own
      substitution rules. 


    
      TaxPub as an example of customization

       TaxPub serves as a good example of this type of customization. It includes many new
        elements that deal specifically with taxonomy treatments, and thus introduces
        the problem of forwards compatibility:
      

      
          
            TaxPub, as an
            extension, provides semantics beyond what is available in the base DTD through creating
            newly named elements - thus lending itself to domain-specific application. However, TaxPub
            instances may not be easily processed by applications already familiar with the Publishing
            DTD.
          

          
        D

       
        This problem could be addressed by writing a set of XSLT stylesheets and including them
        with the TaxPub JATSPack. These stylesheets would transform the new elements into
        plain-old-JATS. This would make it easier for third-party systems to install meaningful and
        useful support for TaxPub documents. Unlike the "must ignore" rule, the substitution rules
        written in XSLT could provide for richer markup in the result document, displaying the new
        content in visually distinctive ways, and perhaps even preserving the semantic content by
        means of special attribute keywords (for example). 

       Designing a customization that is both forwards and backwards compatible, and
        compatible with other already-existing schema, is not trivial. 
        With the JATSPack format, and a set of examples and detailed how-to 
        instructions, some of the work required can be made
        easier.

    

    
      Style checkers


       The definition of "customization" can be
        broad. A customization does not necessarily include a new DTD (or Relax NG or XSD schema).
        Customizations are often implemented as the addition of layered validation implemented
        in, for example, Schematron, that imposes a set of style rules that are more specific to a
        particular organization's use of the JATS. Sometimes these validation rules are coded
        simply as XSLT stylesheets that are applied to instance documents, and return a predefined
        report format. 

       According to A, the results of a survey of publishers indicated that,
        "Half of the respondents said that they impose rules other than schema validation on their
        content." 

       Since JATSPack supports Schematron, XSLT, and other formats, there is no reason that
        these sorts of style checkers couldn't also be packaged as JATSPacks and made available
        to third parties. Since JATSPack/JATSPAN imposes rules on versioning and the uniqueness
        of identifiers, it can help to safeguard against incompatibilities that can result 
        from ad-hoc sharing of these sorts of libraries. 

    
    
    
      Namespaces and Relax NG

       JATSPack can also ease the migration away from DTDs and 
        towards Relax NG for JATS schema. There are several reasons why this 
        is desirable. DTDs do not properly support XML namespaces, and so hamper
        interoperability. Using namespaces will allow third parties to create customizations without
        having to worry so much about name clashes that can result from mixing vocabularies. 
      

      
        "The major design point of XML namespaces is to allow decentralized extensions." 

        
      M

       That decentralized customizations and extensions occur is a fact.
        I don't think anyone would argue that 
        decentralized customizations is a bad thing, or should be prohibited (even
        if that were possible).
        Yet, an inherent problem is that
        they can be difficult to manage and control. 
        The JATSPAN infrastructure is designed to adapt to
        this decentralization, while at the same time providing specifications and imposing
        requirements, such that the proliferation of new schema doesn't become a problem.
        It does this by requiring that the formal public identifiers (FPIs) and URIs used to identify resources are 
        well defined and unique, and also by virtue of its fixed directory structure, ensuring
        that separate individual JATSPacks fit together on the same system without clashing.
      


       Invoking the TaxPub customization as an example again, in the paper given at JATS-Con
        last year, the author describes some of the inherent difficulty of working with DTDs:
      

      
        
          The lack of robust namespace support in DTD removed the option of importing external
          schemas into TaxPub. This would make synchronization less onerous, for example, were it
          decided to include Darwin Core elements in TaxPub. It also would enable the inclusion of XML
          data in TaxPub instances themselves rather than on linking to them as external documents. 
        

        
      D


      
        There are other reasons for recommending the use of Relax NG over DTDs, and an 
        entire paper could be written on just that topic.
      

      
        However, there are two problems that must be overcome before Relax NG schemas 
        can be used easily for JATS documents.  
        The first is the lack of URI names for these
        Relax NG resources, and the second is that there is no standard way for documents to
        identify the Relax NG schema to which they conform.
      

      
        The first problem, the lack of URI names, is inherent in the current JATS 
        infrastructure.  Relax NG schema are identified by URIs,
        and not FPIs.  In other words, URIs are used as the names of 
        these resources, and there is no other name.  That this is a problem was 
        eloquently described by Norman Walsh in his blog post from 2004 titled,
        "On the Web, My Name
        is 266 North Pleasant Street" (AB).  The current 
        recommendations
        of the W3C lead inexorably to the choice that new resources, such
        as Relax NG files, should be identified by absolute, canonical, persistent,
        and stable HTTP URIs.
      

      
        NLM has declined to issue such URIs for these resources.  They are worried about
        the potential for excessive server traffic driven by automated tools that
        process these URIs, similar to the 
          experience of the W3C.
      

      
        Without these URI identifiers, the Relax NG schema cannot be referenced in the
        instance documents in a clear, unambiguous way.  And as mentioned before, 
        crucial to interchange of document instances is that they identify themselves.  
      


      
        With the JATSPack/JATSPAN architecture, I have attempted to address this problem
        in the following ways.
      

      
        	
          
            First of all, JATSPack, since it is based on EXPath-pkg, supports the 
            inclusion of Relax NG XML and compact-notation files.  These should reside
            in the "rng" and "rnc" subdirectories of the package root, respectively.
          

        

        	
          
            Every JATSPack is assigned a name, which is an absolute URI.  This includes
            the base JATS packages.  For these, I assigned HTTP URI names that use the
            "jatspan.org" domain.  For example, the JATSPack implementation of the NISO 
            trial version of the Article Authoring schema, version 0.4, has the name
            "http://jatspan.org/jatspacks/nisojats/articleauthoring/0.4".
          

        

        	
          
            The OASIS catalog files included with each JATSPack includes a 
            <rewriteURI> entry which allows the identification of
            any resource within the JATSPack by using an absolute URI starting with
            the URI of the JATSPack.
          

        

        	
          
            This provides a de facto canonical absolute URI
            name for each of these resources.
          

        

        	
          
            JATSPAN may serve these resources from these absolute URIs, but may not.
            That decision is TBD.
          

        

        	
          
            Regardless, that URI can be safely used to identify these resources
            within instance documents.
          

        

      

      
        An example should make this clear.  The NISO-JATS 
          0.4 version of the Article Authoring Relax NG schema is
        downloadable from the NLM FTP
          site.  The Zip file does not include an OASIS catalog file.  The schema
        resource itself does not have a canonical URI name.
      

      
        While repackaging this as a JATSPack, I assigned a URI name to this package 
        of "http://jatspan.org/jatspacks/nisojats/articleauthoring/0.4".  I added the following
        <rewriteURI> entry to the OASIS catalog
        file for this package.
        
<rewriteURI uriStartString="http://jatspan.org/jatspacks/nisojats/articleauthoring/0.4/"
            rewritePrefix="/"/>

      
        In effect, this assigns a URI name to the master Relax NG schema
        file of this package, and that name is
        "http://jatspan.org/jatspacks/nisojats/articleauthoring/0.4/rng/JATS-articleauthoring0.rng".
        Please feel free to use this name in any context, to refer to this resource.
        As mentioned above, JATSPAN might serve this resource at that URL, but might not;
        it is not guaranteed.
      

      
        The second problem is that there is no standard, agreed upon way for instance
        documents to identify themselves as conforming to a particular Relax NG 
        schema.  The philosophy behind this fact is that schema validation should
        be a separate process that is not specified by the instance documents.  In
        other words, the idea is that the system, and not the document, should
        decide what schema to apply, and that for a given document, any of a number
        of schema might be applied, depending on the context.
      

      
        This is a nice theory, but in practice it has impeded the adoption of 
        Relax NG in this particular domain.
      

      
        The oXygen XML editor defines a processing instruction (PI) that can be used
        within an instance document.  For example, given the URI described above,
        an instance documents could now use this PI to identify itself as a document
        conforming to this Relax NG schema:
        
<?oxygen RNGSchema="http://jatspan.org/jatspacks/niso-authoring/0.4/rng/JATS-articleauthoring0.rng" 
         type="xml"?>

      
        This is very processor-specific, and therefore is not a good general solution.
      

      
        Perhaps the most straightforward way of making the association is by using
        a namespace on the root node of the document.  But the immediate problem
        with this is that the NISO-JATS Relax NG schemas will fail if any non-null
        namespace is given on the root node of any document.
      

      
        Solving this particular problem is out of the scope of this paper, but I
        would like to suggest that the Relax NG schema files delivered with JATS 
        be modified to specify a canonical namespace for each of the document types.
        Failing that, this could always be done as an independent customization, in
        a separate JATSPack.
      

    
  

  
    More JATSPack features and recommendations


    
      Documentation


       It is recommended that each JATSPack includes documentation, including structured
        documentation of any schema extensions. The exact format of this documentation is
        TBD, but the goal is that it should seamlessly integrate with existing JATS
        documentation. That is, the documentation should simply "plug in" to the documentation
        provided by the JATSPacks that come before it in the dependency tree. For example,
        hyperlinks to element or attribute descriptions, between the documentation for the various
        packs and between packs and the base JATS documentation, should resolve correctly. This
        aspect of the format is still under exploration. 

    
    
    
    
      Code libraries in XSLT, XQuery, and XProc


       JATSPacks can include library functions that pull out specific data from instance
        documents, so that the data is easily accessible from any JATSPack-enabled system. This is a
        way to provide different "views" on instance documents that could be appropriate for
        different purposes. JATSPacks that import and customize others could also extend the library
        functions defined in the imported packages. This is analogous to the object-oriented
        programming paradyme of creating a derived class from a parent class, and overriding or
        extending certain methods. 

       As described above under "Customizations and Compatibility", in order to facilitate
        interchange of document instances, authors of JATSPacks that customize the schema are 
        encouraged to provide a stylesheet for conversion to and from the "standard JATS". 

       Also, for these customization JATSPacks, authors are encouraged to supply XSLT
        stylesheets that import and extend the Journal Publishing Preview Stylesheets. In this way,
        a complete preview stylesheet for the new JATS customization would be available for use,
        instantly upon installation of the new JATSPack. If the stylesheet which converts to
        "standard JATS" is provided, then the implementation of this preview stylesheet is trivial
        — it is just the baseline preview stylesheet applied to the output of the "standard JATS"
        stylesheet. 

    

   
    
      Sample files and automated tests

       In order to enable interchange of documents and of the software that processes them,
        instance documents must be self-identifying. Among the recommendations for proper JATSPacks
        which supply DTD customizations, sample files should be included which have the appropriate
        DOCTYPE declaration for that customization, which use the correct formal public identifer 
        (FPI). The jatspan client
        utility, when installing a new JATSPack, performs automatic tests, which include validation
        of each of the sample files. In addition to validating them in place, this step includes a
        test in which each sample file is copied to a separate temporary directory and then
        validated. This ensures that the FPI is used to resolve the DTD, not the system identifier,
        and guarantees that instance documents modeled after the JATSPack sample files can be
        exchanged between different systems. 

       Additionally, any type of JATSPack can include its own predefined test in the form of
        an XQuery function which returns a boolean true (pass) or false (fail). Since all of the
        resources inside a JATSPack are addressable by using URIs relative to the "name" URI of the
        JATSPack itself (given in the package descriptor), these test could operate on the included
        sample files, to verify the integrity of the package as a whole, and that the software
        library operates correctly on the target system. 

    

  

  
    JATSPAN


     As mentioned in the introduction, JATSPAN is a website at 
      jatspan.org, and is based on the 
      concept of the CPAN website,
      providing a place where users can upload and share JATSPacks. 

     There are three complementary, interlocking faces of the JATSPAN site. 
      

        	
          A repository of JATSPacks, and a website allowing users to upload and 
            download from that repository.

        

        	
          A client application jatspan, which enables users to 
            maintain a local installation of JATSPacks.

        

        	
          A set of RESTful web services (these are envisioned for the future).

        

      


     The initial implementation of this site is in Perl, and is being developed 
      on the jatspan 
        open-source project on
      SourceForge. 

     The "phase 2" implementation of JATSPAN will copy the Servlex/eXist architecture 
      of the CXAN site as described in S.
      


    
      jatspan.org web site

       Here is a list of some of the features of the JATSPAN website: 

          	
             Anyone can browse the list of JATSPacks, see their descriptions (which are
              extracted automatically from the package descriptors) and download those of interest.
              JATSPacks can be downloaded in one of two forms (that differ only in the filename
              extension): XAR files (which have the .xar extension) or Zip files (which have the
              .zip extension). 

          

          	
             Users can also browse the JATSPack documentation on the JATSPAN site, without
              having to download the package. 

          

          	
             Authors of JATSPacks can use the JATSPAN site to check that their preferred
              abbrev is not already in use. 

          

          	
             Registered users can upload JATSPacks. These are unpacked on the server,
              automatically checked for consistency (for example, that the package descriptor file
              is valid) and instantly made available to other users for browsing and download.
            

          

          	
             The site automatically runs the automated document-generation tools XSLStyle and
              xqDoc over the XSLT and XQuery JATSPack components, respectively, and makes the
              generated documentation instantly available on the site. 

          

        

       The site, in its alpha incarnation, is implemented as a set of Perl CGI scripts
        based on the Catalyst web
        framework.
      

    

    
      jatspan client program

       I would like emphasize again that JATSPacks are usable on any system without any
        special infrastructure. Downloading the package as a Zip file and extracting it to the local
        filesystem could be done exactly the way it is done now, and the included schema,
        documentation, and library files are just as usable. 

       However, there are additional advantages to setting up a local repository and using the
        jatspan client program to manage it. 
        The jatspan client is a simple program that users can download 
        and install. The interface is through the command line, and it is 
        implemented as a Perl script.
      

       When it is run for the first time, it will ask for a location to create the local
        jatspan repository. This is a directory on the local filesystem, which is the root directory
        to which downloaded JATSPacks are extracted. The client program then creates this directory
        and writes a jatspan master OASIS catalog file to it, as well as performing 
        a few other setup tasks. 

       The master OASIS catalog file can be used by tools, such as oXygen, to resolve
        identifiers defined within JATSPacks. These XML tools should be set up to point to this
        catalog file. As described above, this only needs to be done once, and from that point on,
        those tools will be able to resolve any identifiers defined by any JATSPack that is
        installed on the local system. 

       Also as part of setup, the user can choose whether or not to download and install the
        repackaged base JATS bundle, described in
        Existing JATS DTDs are available as JATSPacks above. 
        The advantage to choosing to install it is
        that all of the flavors and versions of JATS will then be available immediately. 
        But it is
        also possible to use the system without installing the base JATSPacks. 
        Because of the system of
        resolving dependencies automatically, the required base JATS DTD files will be available as
        soon as the first JATSPack is installed.  In other words, they could also be installed
        one-by-one, as the need arises. 

       After setup, the client can install any desired JATSPack by entering the command
        
jatspan install abbrev
 
        This will install the
        latest version of the JATSPack indicated, along with all of its dependencies. It will also
        update the master catalog file with <nextCatalog> entries, 
        pointing to the catalog
        file provided with each new installed JATSPack. 

       As an implementation detail, note that the JATSPAN server uses many of the same Perl
        functions as the jatspan client, to perform many of the same sorts of tasks. 
        For example,
        when a user uploads a JATSPack to the server, the server "installs" this JATSPack in its
        repository, in a manner quite complementary to the operation performed when users download
        JATSPacks to their client machine.  
      

    

    
      Future possibilities


       The next-phase implementation of JATSPAN will copy the Servlex/eXist architecture of
        the CXAN site as described in S.
        Besides the obvious
        advantage that this is a more flexible architecture, it can take advantage of the XML
        resources that the site is designed to serve, it can also provide a model for how to set up
        a flexible, extensible XML processing toolchain for organizations that need to develop one.
        This architecture is dubbed the JATSPack Application Framework, or JATSPAF. The following
        figure shows the relationships among all of these entities. 

      [image: Relationships among software and systems]
          
        
Figure 2.Relationships among software and systemsThe architecture for the JATSPack / JATSPAN systems borrows heavily
          from the work already done by Florent Georges.


       The following is a list of features that could be implemented in a future release of
        the JATSPAN website, that would enhance its usefulness. These are listed primarily to
        illustrate the benefits that this architecture and this infrastructure could provide.
        

          	
             Faceted search on uploaded JATSPacks, with facets defined for element and
              attribute names, authors, dependencies, documentation, etc. When JATSPAN is
              implemented in eXist, this is a logical next step. 

          


          	
             JATSPacks could be usable directly off of JATSPAN, without installing them to a
              local machine. This would involve pointing an XML tool at the master OASIS catalog
              file on JATSPAN, which includes <nextCatalog> entries for all 
              of the JATSPacks
              uploaded to date. This would allow users to run tests and use a JATSPack without
              installing it locally, for evaluation purposes, in the same way that they now can
              browse the JATSPack documentation before downloading the package. 

          


          	
             JATSPAN could provide instance document tools, such as a validator and document
              previewer. This would let anybody upload a document that purports to conform to any of
              the JATS schema (including any customized version implemented as a JATSPack), and 
              validate it and/or preview it. These are similar to the services
              provided by the PMC style 
              checker and article
              previewer.   

          

          	
             JATSPAN can be configured to do more thorough checking of uploaded JATSPacks. For
              example, when a new pack is uploaded, checking that system ids and public ids are
              unique, and that resources identified by system ids and/or public ids are not changed
              (it could issue warnings if they are). Also verifying that there are no circular
              dependencies. 

          

          	
             JATSPAN could implement RSS feeds, allowing users to subscribe to see when new
              JATSPacks, or new versions of JATSPacks of interest, are uploaded, for example.
            

          

          	
             JATSPAN could be configured with a discussion forum, or an issue tracker, such
              that users could comment on, rate ("like"), or issue trouble tickets about uploaded
              JATSPacks. 

          

          	
             A "Roma for JATS" could be developed and served from JATSPAN. 
              Roma is a web-based GUI tool
              for building customizations to the TEI schema. The output of the "Roma for JATS" would
              be a complete JATSPack. 

          


        


    

  

  
    Conclusions

     Throughout this paper, I have touted the potential benefits of the JATSPack format
      and the JATSPAN site.  These benefits include:
    

    
      	
         making it easier to deploy 
          systems that support a wide variety of XML formats;

      

      	
         facilitating the creation, 
          distribution, and maintenance of schema customizations and libraries of code that
          would be associated with them;

      

      	
         allowing developers to easily exchange these customizations and libraries; and 
        thereby

      

      	
         facilitating the exchange of scientific documents and data, while preserving their
          rich semantic content. 

      

    

        
      To fully realize the possible benefits, much more work would
      be required.  However, I
      believe that establishing this specification and web site is a good step in the
      right direction.
    


    
      One of the goals of this proposal is to help publishers and digital repositories 
      to produce XML systems that are more open.  Sharing of schema customizations and
      libraries would reduce the amount of duplicated
      effort that is expended when adapting systems to different XML document types.  
      In order to acheive this goal,
      this format will have to obtain some measure of support within the publishing
      community.  
      The challenge lies in persuading
      systems architects that this format would benefit them,
      so that they will expend the effort to adapt their systems to support it.
      By providing a "starter set" of JATSPacks, as described in the examples section,
      I hope that I've shown that:  A) creating JATSPacks is easy, and B) sharing JATSPacks
      will benefit everybody.
    


    
      Of course, there is nothing inherently JATS-specific in the JATSPack format.  
      The ways in which JATSPack extends EXPath-pkg, as described
      above, are primarily to add schema of various formats, 
      sample documents, documentation, and OASIS catalog files.  It would be nice if
      these extensions could be rolled into the EXPath-pkg specification itself.  That might
      eventually obviate the need for the JATSPAN website; it could be merged with CXAN.
      Whether that would help or hurt the cause of getting the format adopted is
      anybody's guess.
    

    
    
      Comments, suggestions, and help are all very welcome.  Please visit the 
      project page on
      Sourceforge.
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Notes

        "Flavor" is my term, which I haven't heard used anywhere else.  I will use it throughout
        this paper to describe one of the main categories of JATS.   One "flavor" roughly corresponds
        to one top-level DTD file, which might itself have several versions.  In a detailed accounting,
        there are currently seven flavors:
        

          
            	archiving

            	
              Archiving and Interchange Tag Set - green

            

          

          
            	archive-oasis

            	
              Same as archiving but with the OASIS table model

            

          

          
            	authoring

            	
              Article Authoring Tag Set - pumpkin

            

          

          
            	books

            	
              NCBI Book Tag Set - purple

            

          

          
            	historical

            	
              A historical version of the books DTD

            

          

          
            	publishing

            	
              Journal Publishing Tag Set - blue

            

          

          
            	publishing-oasis

            	
              Same as publishing but with the OASIS table model

            

          

        

        
          This is somewhat complicated by the fact that the NISO standard versions of JATS
          use a different version numbering scheme, and so should also be considered
          separate flavors, even though they are really just newer versions of the existing
          NLM DTDs.
        

      
View note in Notes section
 At the time of this writing, there are a few areas of incompatibility between
        the JATSPack format and EXPath-pkg.  Effort is underway to reconcile these.
        The specific incompatibilities are called out in footnotes which follow.

      
View note in Notes section
JATSPack two-part abbreviations are incompatible with the existing
                EXPath-pkg format.

              
View note in Notes section
As described above, some of the 
        requirements for the JATSPack format derive from the fact that it is an extension 
        of EXPath-pkg, and some are JATSPack-specific.

View note in Notes section
The internal directory structure of JATSPack differs from that specified
          for EXPath-pkg, and is another area of incompatibility.  The main difference is the
          location of the package descriptor file, which is in the root directory for
          EXPath-pkg packages.  In JATSPack, it was moved to the package's content directory.
          This way, it is possible to unzip the packages directly onto the filesystem, without requiring any
          shuffling of the file locations.

        
View note in Notes section
Note that the conventions for the abbreviated names have yet to be worked out.

        
View note in Notes section
 When doing this work, I faced a question, and reached a conclusion, which
          might be controversial.
            Because I moved files into a different directory structure,
            but I wanted them to remain usable by systems without OASIS catalog files, 
            using the relative system identifiers, I had to change these identifiers in the 
            modules that reference the moved files. I also made other minor edits to reconcile 
            cases where, for example, two different instances of a document were referred to by 
            the same public identifier (FPI). I made these changes, 
            without changing the FPIs, for those files that 
            were changed. I think this is the right decision, for the following reason. The 
            significance of an FPI is that any tool that resolves it correctly will get 
            identical results. The FPI specifies a logical resource –- a
            DTD or an external parsed entity — not a specific byte 
            sequence. With this change, the resolution of any given FPI will still 
            result in the exact same entity replacement text,
            when all of the sub-entities are correctly resolved.  

        
View note in Notes section

	[1]
        "Flavor" is my term, which I haven't heard used anywhere else.  I will use it throughout
        this paper to describe one of the main categories of JATS.   One "flavor" roughly corresponds
        to one top-level DTD file, which might itself have several versions.  In a detailed accounting,
        there are currently seven flavors:
        

          
            	archiving

            	
              Archiving and Interchange Tag Set - green

            

          

          
            	archive-oasis

            	
              Same as archiving but with the OASIS table model

            

          

          
            	authoring

            	
              Article Authoring Tag Set - pumpkin

            

          

          
            	books

            	
              NCBI Book Tag Set - purple

            

          

          
            	historical

            	
              A historical version of the books DTD

            

          

          
            	publishing

            	
              Journal Publishing Tag Set - blue

            

          

          
            	publishing-oasis

            	
              Same as publishing but with the OASIS table model

            

          

        

        
          This is somewhat complicated by the fact that the NISO standard versions of JATS
          use a different version numbering scheme, and so should also be considered
          separate flavors, even though they are really just newer versions of the existing
          NLM DTDs.
        

      

	[2] At the time of this writing, there are a few areas of incompatibility between
        the JATSPack format and EXPath-pkg.  Effort is underway to reconcile these.
        The specific incompatibilities are called out in footnotes which follow.

      

	[3]JATSPack two-part abbreviations are incompatible with the existing
                EXPath-pkg format.

              

	[4]As described above, some of the 
        requirements for the JATSPack format derive from the fact that it is an extension 
        of EXPath-pkg, and some are JATSPack-specific.


	[5]The internal directory structure of JATSPack differs from that specified
          for EXPath-pkg, and is another area of incompatibility.  The main difference is the
          location of the package descriptor file, which is in the root directory for
          EXPath-pkg packages.  In JATSPack, it was moved to the package's content directory.
          This way, it is possible to unzip the packages directly onto the filesystem, without requiring any
          shuffling of the file locations.

        

	[6]Note that the conventions for the abbreviated names have yet to be worked out.

        

	[7] When doing this work, I faced a question, and reached a conclusion, which
          might be controversial.
            Because I moved files into a different directory structure,
            but I wanted them to remain usable by systems without OASIS catalog files, 
            using the relative system identifiers, I had to change these identifiers in the 
            modules that reference the moved files. I also made other minor edits to reconcile 
            cases where, for example, two different instances of a document were referred to by 
            the same public identifier (FPI). I made these changes, 
            without changing the FPIs, for those files that 
            were changed. I think this is the right decision, for the following reason. The 
            significance of an FPI is that any tool that resolves it correctly will get 
            identical results. The FPI specifies a logical resource –- a
            DTD or an external parsed entity — not a specific byte 
            sequence. With this change, the resolution of any given FPI will still 
            result in the exact same entity replacement text,
            when all of the sub-entities are correctly resolved.  

        



    
        Including XSLT stylesheets testing in continuous integration process

    Balisage: The Markup Conference 2011
August 2 - 5, 2011 · Volume 7 (2011)
Canonical Source

            Benoit Mercier

            Analyst
Faculté des lettres et sciences humaines, Université de Sherbrooke
benoit.mercier@usherbrooke.ca

            
                Benoit Mercier has been working as researcher and analyst at the Franqus research group of the University of Sherbrooke (Quebec, Canada) since 2006 where he collaborates to the development of a new North American French dictionary. His main interests include computer linguistic, Free Software development and technology watch. His is also a European Commission official since 2000. He started and animated the Commission IT Network (CITnet), an internal collaboration platform for IT specialists (almost 2000 individuals) and is the author of the 2003-2006 version of the strategy for internal use of Open Source Software at the European Commission.

            

            

       

             Abstract
 XSLT stylesheets are just like any other programming language code units: they
                need to be written, debugged, refactored and tested. In these days of « Agility »,
                refactoring and continuous integration play major roles in development process. How
                to assert that XSLT stylesheets refactoring are still producing correct outputs? How
                to early detect defects? This paper proposes a practical approach to include XSLT
                stylesheets testing in continuous integration process, based on XSpec, a Behavior
                    Driven Development (BDD) framework for XSLT, and on Java helpers
                provided by Jxsl, a Java
                XSL code library.
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        Problem

        Writing XSLT stylesheets is similar to writing code in any kind of programming
            language. The aim is to build a working piece of code that will produce predictable
            results to meet functional requirements. Software development is evolving at a fast
            pace and more and more new methodologies are emerging in order to guide development
            process. One of the key aspects shared by all these methodologies is testing, to
            guarantee software behaviour predictability and consistency. To be really efficient and
            useful, testing should be made easy for developers and tests scenario executions should
            be triggered automatically as soon as code has been modified. This is nowadays part of a
            common best practice called Continuous Integration (CI). But XSLT stylesheets are in a
            poor relation in this context. There are few unit testing frameworks available for XSLT
            and none of them are easily embeddable in CI processes and tools. 

        This paper tries to demonstrate that XSLT stylesheet testing can be made simple by
            using the XSpec
            Behavior
                Driven Development (BDD) framework for XSLT through the use of  Jxsl Java wrapper library and can
            be easily integrated into existing or new CI environment. It is an awareness-raising
            document to help XSLT stylesheet developers to change their outlooks so as to foster the
            adoption of testing as a new valuable tool at their disposal. 

    
    
    
        Solution

        The proposed solution to achieve continuous integration of XSLT stylesheets adds three
            possibly new components to the usual toolkit (IDE, version control system, etc.) used by
            XSLT developers: 

                	
                    an XSLT test framework;

                

                	
                    a Java unit testing wrapper;

                

                	
                    a continuous integration server.

                

            

            
        The following sections describe the selected tools and their respective roles in the
            process.

    
        
            XSLT test framework

            This is the core of the solution. Writing tests should be easy, intuitive and
                frictionless. XSpec framework meets these conditions[xspec-01]. BDD approach, tool quality,
                authors and recent project activities have lead to its selection from among various
                other projects like Juxy, XSLTUnit or UTF-X for instance.

            The general idea is to write XSpec documents to describe stylesheet behaviours.
                XSpec documents are XML documents which adhere to the XSpec
                    RELAX NG schema. XSpec scenarios are straightforward to write for XSLT
                developers. Stylesheet templates and functions can be tested against contextual data
                (XML documents, fragments or mock object) by creating test scenarios. Here is a
                sample XSpec file.

            
<?xml version="1.0" encoding="UTF-8"?>

<x:description xmlns:x="http://www.jenitennison.com/xslt/xspec" stylesheet="toHtmlWithIds.xsl">

    <x:scenario label="When processing a list of books">

        <!-- apply template rules to this element -->
        <x:context href="xsltestengine-data/books-a.xml/>

        <!-- check the result -->
        <x:expect label="There must be 12 button to books" test="count(//button) = 12"/>

    </x:scenario>

</x:description>

            

            The precise way to write XSpec document is described in the official documentation
                    [xspec-02].

            Systematically writing XSpec test scenarios for each XSLT stylesheets produced is
                a first step towards improving bug detection, guaranteeing compliance to
                specifications, business and technical requirements, safer refactoring, etc. But
                XSpec documents alone are not sufficient. Running tests is still under the sole
                responsibility and good will of the developer. Tests should be run on a regular
                basis to allow early error detection. Such systems exist and are widely used for
                other programming languages. How could XSpec files be integrated in those existing
                solutions?

        
        
        
            Java unit testing wrapper

            In order to be able to benefit from other languages testing tools availability,
                XSpec test executions should be wrapped up in one of these languages. This is one of
                the goals of the Jxsl project [jxsl-01]: to offer Java wrapper objects for XSpec test
                configuration and executions.

            Jxsl provides method to execute XSpec tests directly from Java code, one at a time
                    (XspecTestScenarioRunner) or in batch mode
                    (XspecTestSuiteRunner). This is useful for
                embedding test executions in custom Java code. But Jxsl also contains wrapper for
                the JUnit unit testing framework (TestNG support is coming). That means that an
                existing Java project can add XSpec file testing to its standard JUnit test
                suites.

            To enable XSLT unit testing with XSpec in an existing Java project, it is as
                simple as creating a new class in the project test package that extends XspecScenarioJUnitTest and to provide a Spring bean
                configuration file called xspec-context.xml. Here is a complete and functional
                implementation. 

            package com.mycompany.test.xspec;

import com.servicelibre.jxsl.scenario.test.xspec.XspecScenarioJUnitTest;
import java.io.File;

public class XspecUnitTesting extends XspecScenarioJUnitTest {

    public XspecUnitTesting(File xspecFile) {
       super(xspecFile);
    }
}

            Jxsl offers a Maven archetype to get started quickly.  This archetype is also very
                useful for non Java developers. Java 1.5+ JRE and Maven 2.9+ are required. The
                archetype can be generated with the following command:

            
mvn archetype:generate -DarchetypeGroupId=com.servicelibre  \
                       -DarchetypeArtifactId=xspec-test \ 
                       -DarchetypeVersion=0.1.5 \ 
                       -DarchetypeCatalog=http://jxsl.googlecode.com/svn/trunk/archetypes                
            

            The only things to configure to get started is the XSpec file locations . This is
                achieved by editing the src/test/resources/xspec-context.xml file.
                Tests can now be run with the following
                command:
mvn test

                
            XSpec test executions have now be integrated into some Java unit testing code in
                order to benefit from all the tools available for triggering and monitoring standard
                Java unit tests. The Maven project build from the archetype could also be used to
                integrate XSpec testing in XML editor like Oxygen XML Editor (through External tools
                configuration).

            
             
        
        
            Build tool and continuous integration server

            XSpec tests wrapped up in Java unit tests can now be triggered as part of a
                standard Java project build process. Build tool like Maven does this automatically
                by convention. Ant can be configured to run JUnit tests as follows :

            
            
<?xml version="1.0" encoding="UTF-8"?>
<project name="jxsl" default="test" basedir=".">

	<target name="init">
		<property name="resources" location="${basedir}/../resources"/>
	</target>

	<target name="test" depends="init">
		<echo>basedir=${basedir}</echo>
		<junit dir="${basedir}" fork="true" haltonerror="true" >
			<test name="com.servicelibre.jxsl.scenario.test.xspec.XspecScenarioJUnitTest"/>

			<classpath>
				<pathelement path="${resources}/jxsl/jxsl-with-dependencies.jar"/>
				<pathelement path="${user.home}/.m2/repository/net/sf/saxon/saxon/9.3.0.2j/saxon-9.3.0.2j.jar"/>
				<path path="${basedir}"/> <!-- for xspec-context.xml Spring bean configuration file -->
			</classpath>

			<formatter type="brief" usefile="false"/>
		</junit>
	</target>

</project>

            

            
            Today, not having a CI server in place when doing software development is almost
                like not using a version control system: a risky bet.  CI server ensures, at least,
                that code are regularly built and tested successfully in a clean environment
                (understand « not on the developer computer ») .  There are several popular CI
                servers: Hudson/Jenkins, Continuum, Bamboo, TeamCity, etc.

            XSpec tests should be run regularly by a CI server.  

            
                    
                        [image: ../../../vol7/graphics/Mercier01/Mercier01-001.jpg]
                    
                

            In order to catch errors even more early, it is suggested to trigger test
                executions on commit in the version control system. This is usually done via
                server-side hook scripts. Resources on hook scripts for common version control
                systems:

            
                	
                    Subversion: http://svnbook.red-bean.com/en/1.5/svn-book.html#svn.reposadmin.create.hooks

                

                	
                    GIT: http://book.git-scm.com/5_git_hooks.html

                

                	
                    Mercurial: http://hgbook.red-bean.com/read/handling-repository-events-with-hooks.html

                

            

           
            
            
            Here is a sample Subversion hook script that triggers a project rebuild by
                Hudson
#!/bin/sh

# POST-COMMIT HOOK

USER=hudson
PASSWORD=*****
HUDSON_SERVER=hostname:8081
HUDSON_COMMAND=polling

HTTP_PREFIX=http://${USER}:${PASSWORD}@${HUDSON_SERVER}

wget -b ${HTTP_PREFIX}/job/hudson_project_name/${HUDSON_COMMAND} > /dev/null


            
            
        
    
    
    
        Conclusion

        With the proposed solution, XSLT developers, even without any knowledge of Java, are
            now able to easily create a Maven project from an archetype, configure it to run their
            own XSpec files and trigger test executions by a CI server at each commit in their
            version control system.
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      Abstract
Markup languages that attempt not only to support particular applications, but to
        provide encoding standards for decentralized communities, face a particular problem: how do
        they adapt to new requirements for data description? The most usual approach is a schema
        extensibility mechanism, but many projects avoid them, since they fork the local application
        from the core tag set, complicating implementation, maintenance, and document interchange
        and thus undermining many of the advantages of using a standard. Yet the easy alternative,
        creatively reusing and abusing available elements and attributes, is even worse: it
        introduces signal disguised as noise, degrades the semantics of repurposed elements and
        hides the interchange problem without solving it.

      This dilemma follows from the way we have conceived of our models for text. If designing
        an encoding format for one work must compromise its fitness for any other – because
        the clean and powerful descriptive markup for one kind of text is inevitably unsuitable for
        another – we will always be our own worst enemies. Yet texts in the
          wild are purposefully divergent in the structures, features and affordances of
        their design at both micro and macro levels. This suggests that at least in tag sets
        intended for wide use across decentralized communities, we must support design innovation
        not only in the schema, but in the instance – in particular documents and sets of
        documents. By defining, in the schema, a set of abstract generic elements for microformats,
        we can appropriate tag abuse (at one time making it unnecessary and capturing the initiative
        it represents), expose significant and useful semantic variation, and support bottom-up
        development of new semantic types.

    
    Copyright © 2011 by Wendell Piez

  
  
    XML document types and their discontents

    The power and utility of descriptive markup has been well understood and widely
      demonstrated for years and now decades; so it doesn't need to be defended here. However, for
      all the demonstrable usefulness of descriptive formats, and of standards that propose
      particular descriptions for documents (in the form of XML element and attribute sets) such as
      Docbook, TEI, NISO/NLM and DITA, a number of problems continue to inhibit their adoption for
      the widest applications of text encoding, including (significantly) that large and open-ended
      set of documents we loosely designate as books. One of the most vexing of these
      is in how we define and manage the boundaries of application of a particular markup language
      – what does it seek to do, for what sorts of documents. We can identify this problem
      with the terms coverage, comprehensiveness and adaptability:

        
          	Coverage

          	
            What are the limits of description? What sorts of documents can be described using
              the tag set? Is the set bounded in advance (as for example when converting a defined
              set of extant historical documents), or unbounded?

            For example, the coverage of NISO/NLM JATS (the Journal Article Tag Set) is
              defined as journal articles, especially (though not exclusively) for STM
              (scientific/technical/medical) journals. It does not seek to encode musical
              scores.

            Document types and tag sets (families of related document types such as NLM/NISO
              or TEI) vary in how much coverage they attempt and in how open-ended that coverage
              is.

          

        

        
          	Comprehensiveness

          	
            This is the complement to coverage: not how broadly a tag set seeks to describe
              texts, but how deeply. Given a set of documents to be encoded, what are the purposes
              of their description? Are there processing requirements to be addressed, either
              directly or indirectly? To what extent must variations among the texts be registered;
              how detailed, exact and complete must the description be? What is the scope of
              description? For example, can two blocks of text separated by vertical whitespace in
              rendition both be called paragraph, or are there cases and conditions
              in which this is not sufficient, and further distinctions to be made?

            The comprehensiveness problem might come up for NISO/NLM JATS if a journal article
              were to turn up that contained a segment of musical notation. Without a requirement to
              treat the notation in any particular way, owners or publishers of this information
              might choose to encode it as something they do recognize, such as an ordinary
              graphic.

            It is natural to consider coverage and comprehensiveness together as a problem of
              scoping. If a document type, formalized by a schema, does not explicitly define its
              scope of application (what the documents are, and how and for what purposes elements
              within them are to be distinguished), it will do so implicitly, in its
              application.

          

        

        
          	Adaptability

          	
            If an encoding format is adequate to the description of a well-defined (bounded)
              document set for the purposes of a known and well-understood set of applications, it
              does not have to be adaptable: we will never have to introduce new elements,
              attributes or tag semantics, as these can all be distinguished and defined up front.
              But most schemas in actual use need to be able to stretch, either to describe new
              documents, or to identify new structures and features of documents already considered
              in scope. That is, they need to adapt, in both their coverage and their
              comprehensiveness.

            Adaptability will be a problem to the extent that it is needed (that is, coverage
              and comprehensiveness are problems) and available mechanisms are not adequate to meet
              the need.

          

        

      

    We now have enough experience with XML encoding to have a good sense of how well our
      mechanisms work in the face of these issues. Whether they work well enough for you depends on
      who you are; more generally, it depends on the scope of control exerted by schema designers
      (either directly or by proxy) over documents.[1]

    
      When descriptive schemas work

      The short answer is that how well a descriptive schema works in operation depends not
        only on its fitness for the data and task (i.e., whether its coverage is appropriate and it
        is adequately comprehensive), but also to the extent that document encoders have editorial
        control over the information, both in its content and organization. This should not come as
        a surprise, since indeed the roots of XML technologies are in publishing systems in which it
        is more or less imperative to exercise such control, and the promise of externalizing,
        rationalizing and simplifying these control mechanisms is much of the point of descriptive
        markup. The classic application of this principle, of course, is in the publishing of a
        manual, technical series or periodical, in which authors or contributors (on the one hand)
        and production staff and designers (on the other) assent to creative decisions of editors,
        and document markup can serve transparently to represent editorial intent.
        When control is centralized in this way, the circle is complete: once an encoding format is
        defined, content can be selected, composed and modified to conform to its capabilities.
        Requirements for change and adaptability are managed in balance against other needs for
        consistency and stability. System operators resort, when necessary, to editorial
        policy-making to forestall, prioritize, and schedule any innovations likely to have a
        destabilizing effect.

    
    
      The limits of description: the case of the book

      The inverse is also true. Descriptive schemas work well to the extent that control over
        the data is centralized and consistency in the application of markup can be enforced. But
        when it is not so centralized, they do not work so well. This can happen anywhere, but it
        happens most notably and inescapably in a community of use which shares a common schema or
        tag set (using that term to identify a family of related schemas) without sharing local
        goals and objectives. Maybe they have an interest in a common encoding standard for purposes
        ostensibly of document interchange; similarly, they may wish to take advantage of common
        knowledge and a shared tool base. Of course, this is exactly the case with the
          big general-purpose document encoding standards and community initiatives,
        such as TEI, Docbook, and NLM/NISO.

      The limits of a descriptive encoding can be readily illustrated by considering
        information artifacts in the wild – that is, as actually found, and apart from any
        considerations of how they may be encoded electronically (or not) by the authors, editors,
        designers and publishers who have composed and produced them. Texts in the wild – even
        if we limit consideration to those texts we are content to designate as books
        – are not perfectly regular, but only mostly so. Indeed this semi-regularity is an
        important (perhaps the most important) general feature of books, inasmuch as significant variation within pattern might serve as a definition of
          information itself: the structures of books cannot be entirely regularized
        without sometimes destroying the book. Sometimes this works at a very granular level.

      [image: Specialized structures across a series of books]
          
        
Figure 1.Specialized structures across a series of booksMichael Kay's XSLT 2.0 and XPath 2.0 Programmer's
              Reference is a convenient example of a book whose internal structures are
            more elaborate than may be typical of a generic book. Yet unless we wish
            to say this book is not a book, but something else, a viable book model has to support
            such structures either natively or by means of extensions to be introduced by the author
            or publisher. It is possible that the markup needed here could be useful across all the
            books of the series to which this book belongs; in any case, it might be useful to the 
            publisher and to application designers who wished to design interfaces to this content 
            if it were.


      [image: Specialized structures across a single book]
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Figure 2.Specialized structures across a single bookStafford Beer's Platform for Change (1975), like
            many other literary or quasi-literary productions, is a fascinating example of a book
            whose structure is peculiar to itself. Beer's volume is not unusual in having figures
            and diagrams, although one appears on the inside of the dust jacket; but it does have
            structured prose (it is not verse, or so the author asserts), and its chapters are
            differentiated by type, as indicated by page colors.
Does a generic book model need to be able to accommodate works of this kind? We can
            agree to say no, this book is out of scope: the coverage problem again. Or say that
            although it is a book, we will force-fit it within available semantics (risking tag
            abuse to deal with inadequate comprehensiveness). Or we have to find a way of dealing
            with its special requirements: the adaptability problem.
For what it's worth, even unextended TEI does not provide elements directly capable
            of marking up this text, as it has no elements for lineated (structured) prose, only
            verse.
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Figure 3.Specialized structures within a single bookThomas Carlyle's Sartor Resartus (1833) should be
            required reading for all students of semiology. It is mostly conventional in structure;
            or at least, much of its point is in how it observes some of the more elaborate
            conventions of nineteenth-century scholarship. But an epitaph pops up in the middle.
            Students of literature know that such things are less uncommon than you might think,
            even leaving aside Tristram Shandy. (Illustration from
            Google Books.)
Again, we have either to extend our coverage of what's a book (or what's in a book),
            or provide a way for a markup language to be adapted to purposes like this.


      Three examples appear in Figures 1-3, showing this phenomenon at the level of the series
        (the Wrox Programmer to Programmer series, shown here by
        Michael Kay's XSLT 2.0 and XPath 2.0: Programmer's
          Reference[2]); the level of the book (Stafford Beer's Platform for
          Change); and within the book (the epitaph appearing in Sartor Resartus). Of course, many more examples could be shown to demonstrate
        how every book – and every structure within a book – is potentially a one-off, a
        thing unique unto itself. In part, this reflects the fact that books as functioning
        information objects can and must be designed to serve sometimes very distinct and peculiar
        purposes, which may even be intended specifically to differentiate them from other books.
        One of the core requirements addressed by book design, that is, is that a particular design
        may be distinctive, at least in part, not only in its features but even in the requirements
        it addresses, which will be different from the requirements addressed by any generalized
        design. This reflects a different balance of power in book publishing from journal
        publishing: the center of gravity for design decisions shifts from publisher to author
        – which is why, as a class, books are less tractable for descriptive
        markup than journals that maintain a consistent structure (expressed in their design, layout
        and page formatting) across articles.

      Of course, the irony here is that this will be true of books as a
          class even while individual books or certain genres, types or formal series of
        books might well be suitable and profitable objects for description. (And so we generally
        deal with this problem by limiting our coverage to particular books, leaving
          books in the abstract out of scope.) Because coverage – what,
        exactly, constitutes a book, and what sorts of documents are not books
        – is not well defined, the comprehensiveness of any markup applied to nominal books
        will also be at issue. In practice this means that descriptive encoding hits a wall, since
        to whatever extent we try and provide appropriate handling of every structure we see, our
        markup language grows into a Tower of Babel: a single megalo-description supporting this
        differentiation ultimately fragments under its own weight, since any instance may have
        structures peculiar to it, while no instance includes all (or even many of) the structures
        necessary for the others. While this may be a fascinating state of affairs to a media critic
        or markup language designer, it is no basis for a common information standard that needs to
        normalize description at some level, if only to enable and regulate processing.

      This paradox results from the foundational insight of descriptive encoding. The
        operative dogma is that we can and should clearly distinguish presentation from content,
        where the organization of content is regular and in some way normative, even while the
        presentation and indeed application of that content may vary. (In effect, this is a
        model/view/controller paradigm applied to documents, in which the document itself is a model
        that can be subjected to multiple views in one or more applications as controllers.) As
        noted earlier, this tends to be the case within collections of documents that can have such
        regularity imposed on them – consistently designed works such as journal articles or
        technical manuals, that is, where control of both content and composition is top-down and centralized.[3] So the design of markup languages is focused on defining that regularity and
        normativity, in a sense leveling the differentiation into those classes of things (we try to
        identify these with element types) that can be adequately, if not always
        comprehensively, distinguished with an encoding system.

      Yet in order to do this, we have to pretend that some distinctions between things which
        we choose to identify as the same type are not, and cannot be, significant. And we never
        know which one or another of the distinctions to which a particular markup system has a
        blind spot will turn out to be important as soon as we turn the page of a book or of any
        work outside our controlled set. In other words, depending on the type of work, anomalous
        structures may be more or less unusual, and regarded as more or less anomalous; but when
        they occur, they can be very anomalous. The structures of actual books, that is, have a
        fractal quality, inasmuch as what constitutes an anomaly (as opposed to merely another
        regular if unusual feature) depends on the level of scale – and yet there is no level
        at which anomalies disappear.[4]

      Different markup languages deal with this problem differently, depending on the extent
        to which their design targets a distinct genre or application domain. But in
        every markup language, we can see this stress between coverage and comprehensiveness on the
        one hand, and adaptability on the other. To whatever extent coverage is well defined and
        comprehensiveness is achieved within it – by virtue of the meaningful distinctions
        being made and the incidental ones elided – adaptability also becomes important
        – because a distinction never made in one context, or made only incidentally, becomes
        meaningful in another. (In contrast, precisely because it is relatively uncomprehensive
        across a very wide coverage, a markup language such as HTML needs to adapt less; the price
        for this, of course, is that its semantics are weak.) But adaptability by its nature
        threatens the integrity of the boundaries (the coverage) that make the semantic labeling
        function of a markup language useful.

      The root of the problem here is in a question not often asked about descriptive markup
        (except, possibly, at Balisage), namely what is it that markup should be intended to
        describe. Sometimes, naïve proponets of descriptive markup have been content to argue that
        what is being described is the thing itself, but this of course begs the
        question. A successful markup application works precisely because it does not seek to
        capture every distinguishable feature or detail of anything it describes, but instead
        represents and abstracts from it. The model it offers is an optimization: more accessible,
        tractable and useful, at least for certain purposes (including automation), than the thing
        itself. This reduction of differences to (supposed) essentials reflects the way, in
        information processing systems, everything we do is on the basis of the differences and differentiations (and similarities) we can register
        and retain within and between different data objects, as is well established in information
        theory from Saussure [saussure1916] to Shannon [shannon1948].[5] And this means that we necessarily make assertions (by our names and labels)
        that erase some distinctions between things, precisely so that we can assert others. It is
        in recognition of this that in SGML terminology, an element name is called a generic
          identifier.[6]

      This erasure of distinctions by calling different things by the same names, as long as
        they are alike in certain crucial aspects – crucial being defined in
        the relation between an information type and its application domains – is the
        balancing factor that prevents descriptive markup from going out of control and failing in
        its mission sine qua non, namely the automatability that
        follows on our ability to know in advance the limits we will work within. For a markup
        application to be viable, in other words, it must have a fairly limited set of elements,
        whose semantics are known and respected and whose structural arrangements are predictable
        (indeed this is the entire point of a schema).[7] To the extent this set grows and changes (either because new elements and
        attributes are added or because the semantics of old ones are elaborated), viability is
        endangered, to the point where (if the rate of change outstrips the capability of the rest
        of the system to change with it) applications of the language become unsustainable and the
        language itself becomes, at best, a literary artifact.

      Of course, this limitation inhibits adaptability, insofar as an element set defined in
        advance will (ipso facto) fail to account for any semantic
        features of the information type that are newly defined or recognized, whether accounting
        for new phenomena to be described, addressing new applications, or for any other reason. And
        this is the crux of the paradox, the precise dilemma on whose horns the problem of
        descriptive markup is stuck.

    
  
  
    The problem with schema extensibility

    The usual way of providing an encoding format with adaptability is to allow that a schema
      may be extended and customized for local use. If you need new element types, this is
        how to add them etc., sometimes with elaborations in the form of class systems,
      metalanguages (TEI ODD), architectural forms, and so forth. Such mechanisms can be ingenious;
      they can also be useful – especially for publishers who can exert top-down control. Yet
      this solution often works less well in the real world than it should, as it has problems of
      its own. Extensions to a tag set, even as they successfully address new requirements, raise
      interoperability issues with systems that do not know about them. When we address this problem
      in turn by allowing extensions to make it back into the development trunk of the markup
      language, we end up making the entire system more complex, more unwieldy, and more expensive
      to develop with, use and maintain. In effect, we have a devil's choice: fork, or bloat. In the
      one case, having extended the schema I find my documents will no longer be interchangeable,
      even nominally, with yours. In the other, we will reconcile and merge my extensions back into
      the main schema, where you and everyone else who works with it will have to live with them
      (even if you will never need them), and all our common tools must be larger and more complex
      to accommodate them.

    Schema extensibility also gets it wrong in another way: it assumes that adapting a tag set
      to meet new requirements for data description is properly the task of a schema designer, and
      not of the content creator, editor or owner who is actually responsible for the document.
      Again, this differentiation in roles is less of a problem for organizations with strong
      top-down control, where coordination between the different parties can be expected, and a
      schema designer is available either to give or to take orders. But many tag sets aim to
      support wide deployment across a user community with a greater variation in needs, goals and
      available resources, where project principals may have neither expertise, nor resources, nor
      the inclination to take on the task of schema modification, especially as it distracts from
      the immediate and more important task of producing the document itself.[8] In other words, to customize a community standard for local uses works best, as a
      solution, for those organizations who need it least – who are best able to exert
      top-down centralized control, who have schema developers on call, and who are probably able
      (if they do not see other benefits to using a standard) to manage completely on their
      own.

    And finally, there is a simple cost issue whenever we consider cases that are,
      effectively, one-offs. Even in an organization with the resources to do so, it may be too much
      of an effort to introduce customizations to accommodate a single book, or a single interesting
      textual artifact appearing on a single page in a single book.

    We commonly assume that this means the game is over, since how can a content creator
      introduce new descriptions to the data without schema extension, at least not without
      resorting to tag abuse, forcibly attempting to carry new semantics on elements provided for
      other purposes? In effect, what is needed is an extension mechanism that happens in the
      instance, not in the schema – and yet in a way that enables authors, editors and
      production (not markup) designers without compromising the integrity of the markup language as
      a whole (which is what happens when tag abuse becomes rampant). This implies not that we have
      more elements or more easy ways to add new elements, but rather a smaller set of elements that
      are nevertheless, paradoxically, capable of more expressiveness and wider application.

  
  
    Extension in the instance with abstract generic microformats

    The mechanism we need to do this is already in front of us. We routinely permit content
      creators to introduce exactly such ad hoc semantic extensions
      to the language, whenever we invite them to qualify their element types with attributes. TEI
        @type, HTML @class, Docbook @role, the various
      NLM/NISO subtyping attributes: these are there specifically so that we can identify particular
      instances of elements such as div, p, figure,
        table, seg, sec, span and so forth with
      particular semantics over and above the generic semantics of the parent element. The practice
      has come to be an essential feature in HTML, inasmuch as @class attributes as
      much as element types provide the semantic hooks for display and behavior in the browser, in
      the preferred fashion (as supported by CSS). It is the recommended solution also in TEI for
      handing chapters, parts, books, sections, cantos or what have you as arbitrary text-segmenting
      elements, which are all unified as div (or lg or what have you) with
      a @type attribute available for the subtyping.

    Indeed, successful documentary markup languages commonly have elements whose native
      semantics are especially loose, as if specifically to allow escape-hatch markup
      for ad-hoc inclusion of structures not naturally described otherwise.[9] TEI: div, floatingText, ab,
        seg. NLM/NISO JATS: sec, app,
        named-content, custom-meta. Docbook: blockquote,
        informalTable, note, phrase. HTML: div
      and span. While using such elements in this way is not always officially
      encouraged, in any widely used markup system it soon enough becomes a widespread practice, if
      only informally. Sometimes an element that supposedly has a strong semantic comes to serve
      this way simply by having been widely abused: no one actually assumes that an HTML
        blockquote must always be a quotation, or that dl, dt
      and dd must always be terms and definitions. Such a two-tier description is a way
      of evading the problem of constraining the markup too stringently in the schema, by allowing
      the balance between generic and specific to be struck in the instance, where the
        same things (p or div elements, for example) can be
      differentiated by different class assignments. Descriptive semantics are provided to tabular
      data by this mechanism probably more often than by providing content-oriented elements in a
      schema, if only because tables are so often peculiar or one-of-a-kind that it is the only
      practical way to do it.[10]

    Nor does this have to mean any loss of control or normalization, since we have learned to
      validate constraints on attribute assignments, using means such as Schematron. On the
      contrary, it means that we can assert levels of validity: a basic level of schema validation
      can be supplemented by a profile validation that is defined locally and peculiarly for only a
      subset of all documents valid to the schema. This exact strategy is in fact happening more and
      more commonly, as a way of balancing a requirement for standards conformance (to TEI or
      NLM/NISO JATS, for example) with more particular local requirements being addressed by local
      schema subsetting and profiling.

    Another way of putting it is that we should look not to schema extensibility but to
      microformats defined locally as the primary means of providing specialized semantics for local
      processing. (There is a more or less coherent movement to codify HTML microformats at
        http://www.microformats.org; but as the TEI among others demonstrates, the
      basic idea of carrying primary semantics in attributes predates the web and is more general
      than HTML.[11]) The only thing remaining to complete this picture is to provide scaffolding for
      such a mechanism, in the form of a set of elements defined neutrally enough (that is, with
      generic enough semantics of their own) that they can readily be devoted to such a use, without
      compromising the stronger semantics of more properly descriptive elements. Such a built-in
      adaptability mechanism would implicitly address issues of both coverage and comprehensiveness.[12]

    It is also feasible, since even across hypermedia, the basic display and functional
      elements of text media are fairly well known and stable: they are inline objects (the very
      fact that I don't have to explain to the Balisage audience what I mean by this term makes my
      point here); blocks; conceptual containers (wrappers) for blocks allowing them
      to be grouped and for common features to be inherited together; tabular layout objects;
      perhaps lists (which might be considered a special kind of table); and links and images
      (allowing that an image element can be thought of as a transcluding link). Along these lines,
      a comprehensive taxonomy can be derived by identifying basic common formatting properties of
      elements in relation to other elements.

    This fact suggests that a set of abstract structural elements be defined that map directly
      straightforwardly to the semantics of known result formats of transformation, including CSS
      and XSL-FO. Elements as generic as div, block, and
        inline allowing @class or @type attributes to specify
      semantics for applications further downstream, would provide strong enough semantics at a base
      line, supporting presentation, to be useful, while nevertheless alerting developers, by their
      use, that more particular kinds of handling might also be called for. In effect, the implicit
      contract offered by element typing mechanisms (that all elements will be handled downstream in
      ways appropriate to them) would be suspended for these abstract generics in
      favor of another, allowing and encouraging local developers to take advantage of them for
      local purposes. Even without specialized functionalities (including very strong validation)
      for these elements by default, they could nonetheless be differentiated enough from one
      another and from the main set of elements to do something reasonable in display and in other
      applications – up to and including useful generic functionalities, such as simply
      exposing the values of their @type or @class assignments in the HTML
      results of a transformation, where they would be available for mapping to display semantics in
      CSS.

    
      A proposal

      So here is a straw-man proposal for a set of such elements and attributes:

          
            	div (division)

            	
              Named after div in HTML and TEI. Permitted to appear anywhere a
                block may appear (like HTML div, more like TEI
                  floatingText than TEI div). Unlike NLM/NISO
                  sec, Docbook section or TEI div, a title is
                not required, although generic metadata may be permitted. div is
                permitted to contain any block-level object, such as paragraphs, figures or tables,
                display quotes, div or ab elements.

              In general, div may be expected to map to HTML div or
                XSL-FO fo:block for display. For conversion, given sufficient
                constraints imposed on div or on attribute-qualifed families of
                  div, they may become TEI div or
                  floatingText, NLM/NISO sec, display-quote,
                or boxed-text, Docbook section, blockquote or
                  informalTable, or the like. 

            

          

          
            	ab (abstract block)

            	
              Named after TEI ab, an abstract block. This element
                is an analogue for a paragraph or a list item. It is permitted to contain any mixed
                content or any block-level item (and not only the other abstract generics, but any
                inline content permitted in the host language), but it will not have its own
                metadata.

              For display, ab will become HTML div or
                p, or XSL-FO fo:block. For conversion, ab
                will often become a paragraph or paragraph-like object.

            

          

          
            	ap, pair (abstract pairing, pair)

            	
              ap or abstract pairing, along with
                pair, can serve to represent all kinds of labeled lists, paired lists
                such as glossaries, definition lists and indexes. Such a generic element does not
                carry the semantic baggage of any particular kind of list or associated array, all
                of which are especially liable to tag abuse in the wild.

              pair could be validated as ((ab | line | span), (ab | line |
                  span)) in order to enforce the pairings. (Additionally, RelaxNG or
                Schematron could validate ap to see that every enclosed
                  pair has the same content model.) Of course, any of these constituent
                elements could be qualified with @class or @type of their
                own (which might similarly be validated across pairs within an
                ap).

              Both ap and pair will also become div or
                  p in HTML and fo:block in FO, when they do not map
                directly to especially formatted lists (ul, ol,
                  dl with li, fo:list-block with
                  fo:list-item), or even to tables.

              And pair might additionally be allowed to appear anywhere
                  ab, line, or any block-level element appears – or
                even (at any rate when it contains only span elements) in line, as a
                proxy for structures such as TEI choice.

            

          

          
            	line

            	
              A line element is a block that may contain inline elements, but not
                other block elements. This is much like TEI l, except that
                  l is restricted in TEI usage to lines of verse or poetry, and this
                element should be available for any use, any time a new line is required. (It should
                not preclude an element for a line break in tag sets that need it.)

              Like ab, line will usually become div or
                  p in HTML, although not necessarily with vertical white space; and
                its indenting may vary. Occasionally, sequences of line elements within
                a div (and without other siblings) may map to dl/dt or
                  ul/li, as a simple (unmarked) list item. In XSL-FO, line
                will become fo:block.

              For modeling purposes, we could use ab everywhere we might want
                this element; but line may feel more appropriate than ab
                for isolable units of text such as headings or titles; and because it cannot contain
                block structures (such as ab), it also comes with a useful constraint
                for conversion and formatting.

            

          

          
            	span

            	
              Of course, this is the inline object, analogous to HTML span, TEI
                  seg, Docbook phrase and NLM/NISO
                  named-content. For display, span would generally become
                  fo:inline or HTML span, when not a more specific inline
                element. Similarly, in conversion, given suitable qualification, a span
                might map to any inline element in the target language. Given sufficient control, a
                sequence of span elements within a line or ab
                enclosed in a div may sometimes become table cells in a table. 

            

          

          
            	link

            	
              Analogous to general-purpose inline linking elements. We might simply allow the
                full panoply of XLink attributes on this element to make it a general-purpose
                element suitable for arbitrary linking.

              As noted above, images and other media objects are really special-purpose links
                (which may imply transclusion of their targets on rendering), so they can be
                accommodated by link.

            

          

          
            	@type

            	
              Let @type assert (implicitly and when possible explicitly, by means
                of documentation) a class or type assignment whose value is controlled across a
                document collection.

              Multiple values of @type can be provided as space-delimited values of this
                attribute. Explicit mappings to known tag sets, such as docbook:para,
                  tei:p, html:p and so forth might be provided by using
                the namespace-qualified type names of appropriate elements.

            

          

          
            	@class

            	
              Let @class identify subtypes of elements within a single document
                instance, in a more ad hoc way than does @type. The expectation would
                be that when @type is also present, @class offers a
                subtype. Like @type, and like @class in HTML (where it
                provides bindings for CSS selectors), multiple values can be provided with space
                delimiters.

              Of course, the distinction offered here between @type and
                  @class is not absolute nor even enforceable in the general case. It
                is up to particular systems and implementations of abstract generic elements to
                enforce the constraints over these attributes they need. Offering both allows a
                local system to constrain @type, for example, while leaving
                  @class free for use.

            

          

        
          	@which

          	
            @which is intended to serve as a general-purpose pointer, either to
                another element or to an implicit or explicit taxonomy, local or general. Its
                lexical form is unconstrained, and it may have as many values as a local application
                may need.

            For example, in an abstract rendition of information intended to be represented in
              tabular form, a single value given to two or more places (to be rendered as spanning
              cells) might show its multiple placement using @which.

          

        

        
          	@xml:id

          	
            For generalized purposes of cross-reference, we will potentially need a unique
              identifier for any element.

          

        

          
            	@style

            	
              Finally, I suggest we allow any of the abstract generic elements to include
              explicit styling information, in the form of a widely recognized syntax such as CSS3.
              Of course, this clearly breaches the content/format divide, but it does so in a
              strategic way. By allowing this attribute on the abstract generics, we relieve the
              design stress on other elements in the markup language to provide their own styling
              overrides – the fact that a name, say, needs specialized styling by itself
              suggests it is a special kind of name and might be described with an abstract
              generic.

              It should be noted that a number of industry-standard schemas for documents
                allow this kind of thing already, either as an escape hatch on a few elements, or on
                a wider basis. Indeed, TEI P5 has two attributes
                with the sole purpose of specifying rendition, namely @rend and
                  @rendition. (@rendition is supposed to carry CSS while
                  @rend is more free-form.) And at least one of the NLM/NISO tag sets
                similarly permits an inline element called styled-content.

              Some purist systems might choose to ignore this attribute, to deprecate its use
              and validate against it, and/or to recognize patterns of usage and promote the
              elements that show them into other representations of the information they
              carry.

            

          

        

      It is important to stress that this element set would be intended to supplement, not
        replace, the basic core elements of a capable document-oriented tag set – although it
        is also conceivable that a valid (and useful) document might contain nothing but these
        element types.

      One limitation of abstract generic elements is if they cannot be provided with arbitrary
        attributes. How severe an encumbrance this would on the general use of abstract generics for
        ordinary purposes can only be known by trying it.

      But at least two possible workarounds can be imagined: (1) where attributes are needed
        to provide subclassing, either or both the @class or @type
        assignment of the abstract generic can be overloaded. (2) In general, child elements or
        element structures can be recruited for use to carry values that might otherwise be given in
        attributes.

    
    
      An example: an approach to drama

      An example in TEI markup:

      <stage>Enter EGEUS, HERMIA, LYSANDER, and DEMETRIUS</stage>
<sp>
  <speaker>EGEUS</speaker>
  <l>Happy be Theseus, our renowned duke!</l>
</sp>
<sp>
  <speaker>THESEUS</speaker>
  <l>Thanks, good Egeus: what's the news with thee?</l>
</sp>
<sp>
  <speaker>EGEUS</speaker>
  <l>Full of vexation come I, with complaint</l>
  <l>Against my child, my daughter Hermia....</l>
</sp>

      The same example could be tagged as follows in a schema that supported abstract generic
        elements:

      <div type="drama">
<line type="stage">Enter EGEUS, HERMIA, LYSANDER, and DEMETRIUS</line>
<pair type="sp">
  <line type="speaker">EGEUS</line>
  <ab type="speech">
    <line>Happy be Theseus, our renowned duke!</line>
  </ab>
</pair>
<pair type="sp">
  <line type="speaker">THESEUS</line>
  <ab type="speech">
    <line>Thanks, good Egeus: what's the news with thee?</line>
  </ab>
</pair>
<pair type="sp">
  <line type="speaker">EGEUS</line>
  <ab type="speech">
    <line>Full of vexation come I, with complaint</line>
    <line>Against my child, my daughter Hermia....</line>
  </ab>
</pair>
</div>

      It is important to note here that stylesheets or display engines that don't know what to
        do with these attributes could nevertheless do something reasonable with the elements. For
        processes that need the more specific semantics, they are available – as they are
        available to be validated using Schematron or by way of a transformation into a more tightly
        defined schema.

      
        A more fully worked example, with stylesheets for display, is provided as a
          demonstration with the Slides and Materials attached to this paper.

      
    

  
  
    Issues and ideas

    Let's say we proceed to implement a small tag set of this sort and integrate it into a
      known schema (or perhaps better, a relatively lightweight subset of one). What issues and
      objections might be raised against this design idea? What questions remain as to how to
      engineer and deploy such a system, and what do we have to know before we can answer them? What
      problems can we expect if it should be widely used, and what opportunities might it
      present?

    
      Merging with a host language: tight or loose?

      At least two different ways of integrating a set of abstract generics with a host
        language can be considered:

      
        
          	Tight

          	
            Since most host languages already have families of elements in their architecture
              corresponding to the different abstract generics – section-level, block-level,
              and inline – it should in most cases be relatively straightforward to integrate
              the abstract generics into them.

            In this design, an abstract generic div element, say, could contain
              the host language's own block-level elements along with the generic div,
                ab, ap and line. The advantage here is that
              the stronger semantics of elements from the host language will be available to the
              contents of the abstract generics.

            Of course, a system that does this would need abstract generic elements and
              attributes consistent with the semantics of other element and attribute types in the
              host language.

          

        

        
          	Loose

          	
            It is also tempting to consider deploying abstract generics as a relatively
              discrete set of tags, whose use would provide a clean escape hatch from
              a host language, in a way more or less entirely divorced from it.

            The way to do this would be to restrict the content of the abstract generics to
              other abstract generics. The abstract span, for example, would contain
              only text and/or the abstract span, without permitting any inline
              elements from the host language.

            The advantages of doing this would be that it would simplify deployment, and that
              subtrees of abstract generics would be readily portable without modification.

            A family of abstract generics designed to work like this could be given its own
              namespace, allowing it to be integrated into more than one host language.

          

        

      

      It seems reasonable to suppose that both these approaches could be useful for different
        reasons and in different contexts.

    
    
      Validation and validibility

      Introducing custom semantics in a secondary layer using attribute values raises the
        problem of how to validate them. Obvious alternatives for validation of microformats include
        RelaxNG and Schematron. Additionally, transformation pipelines can be used to formalize the
        relation between a microformat defined using abstract generic elements, and more tightly
        defined elements in target markup languages.

      
        
          	RelaxNG

          	
            As demonstrated in clark2003 (section 15: Non-restrictions),
              RelaxNG can be used to specify microformats by asserting attribute bindings along with
              element types.

          

        

        
          	Schematron

          	
            As it is based on XPath, which can freely interrogate and test attribute values,
              Schematron is well-suited for testing the kinds of complex co-occurrences to be
              expected between attribute values in the semantic layer, as a supplement to or
              replacement for RelaxNG.

          

        

        
          	Pipelines

          	
            Another strategy for validation will be to map microformats into more highly
              controlled target formats for validation. XProc pipelines provide a capable framework
              for this: an XSLT transformation can convert an instance containing microformats into
              one in which they are expressed more formally, and validated by traditional means.
              While this approach will not, ordinarily, provide much in the way of useful feedback
              when data in a microformat is invalid (since it will not found to be invalid until
              after conversion into something different), this could nonetheless be a useful way of
              validating the design of a microformat intended as a mirror of a target
              format whose semantics are expressed in element types.

          

        

      

      Of possibly greater importance, however, than the means of validation, might be the
        shift in emphasis on stages of validation necessitated by the presence of abstract generics
        in the model – since the very idea is to relax both the demand and the expectation for
        uniformity and consistency of element usage across system boundaries. Validation will no
        longer, in other words, be as simple as thumbs-up vs thumbs-down against a common schema,
        but will also entail more nuanced specifications and tests.

    
    
      Interchange and interoperability

      Isn't this an invitation to chaos, as users are encouraged to introduce their own
        idiosyncratic usages of the abstract generic elements?

      Whether allowing microformats based on abstract generic elements would in fact make it
        harder than it presently is to achieve interoperability or even interchange across
        organizational boundaries depends on what we take that baseline to be. To the extent that
        stronger typing of schema-validated element types now supports interchange, obviously to
        rely on labeling abstract generics to assert the same semantics in the instance would be a
        step backwards. However, it should be considered whether experience has not shown that
        beyond a very basic level (hardly beyond the level of XML well-formedness), interchange
        cannot be guaranteed by schema validation alone in any case, at least for properly descriptive markup languages, not markup applications that are
        essentially serializations of object models bound to applications (such as XSL-FO or SVG).[13]

      There is, in other words, a difference between the mythic ideal of interchange, and the
        actual fact of it; and in fact, when it is achieved at all, data interchange at scale
        happens as a deliberate outcome of a negotiated process, in which a shared tag set may be a
        useful starting point, but will not by itself be a guarantor of success. It might be better
        if we considered transparent or blind interchange to be a functional
        requirement to be considered among others – and considered in its particulars as they
        apply to specific parties to interchange rather than simply asserted as an abstract
        principle that remains unrealized. Doing so would mean that we would be free not only to
        consider the actual costs and benefits of achieving interchange, but also to balance this
        requirement against others, such as the need for expressiveness and adaptability simply so a
        tag set can address local goals that are, after all, sometimes more pressing.

      In view of this, allowing document creators and editors the means to extend the
        semantics of their markup openly would be better than the status quo, in which they do this
        anyway, but hide their practices behind the premises of interchange offered by standard
        semantic tagging. When standard semantic tagging is used in non-standard ways, in other
        words, it is not standard any more. This is why we call it tag abuse, because
        such practice not only mislabels the contents with elements designed for other purposes; it
        also degrades the semantics of the misused element type even where it is used
        properly.

      Since abstract generic elements are designed to accommodate the very behaviors that
        constitute abuse when used on properly descriptive elements, they would (at least to the
        extent they are used) should relieve the pressure to do so. And to the extent problems with
        interchange and interoperability will exist across systems that use the abstract generics
        differently, it is reasonable to wonder whether it does not actually reflect the
        requirements for description itself, which would otherwise have been hidden behind
          creative tag use and misuse. That is, to the extent a system uses abstract
        elements instead of abusing other elements, its tag usage will be more open and transparent
        – while the abstract generics provide a base level of interoperability even without
        any implementation of their local semantics.

      Thus, when parties to interchange find that they don't know how to handle the semantics
        of one another's abstract generics, they will have a basis for identifying, isolating and
        analyzing the issues. Already, markup systems engineers who are not deploying their own
        schemas or schema customizations are doing this all the time, and successfully, with HTML.
        (The success does not come without effort; the point is that it is possible at all.) To
        introduce abstract generic elements and encourage the development of microformats on that
        basis would not be to license bad behavior so much as it is to adopt and appropriate the
        good motivations that might, under too strict a regiment, lead to it.

    
    
      Addressing production workflow concerns

      One of the virtues of abstract generic elements with microformatting is that it fits
        well within a production model in which XML encoding happens later, after authors and
        designers have made commitments to structures in their content that serve expressive and
        rhetorical purposes rather than the goals of any technology as such. In other words, if a
        tag set is to be a suitable target format for upconversion of arbitrary content (such as is
        produced in word processors or derived by OCR from page images), it needs to be arbitrarily
        flexible, if only to capture structures at the edges of normal. Then too (and
        for the same reason), most authors who have worked in XML have also had to confront limits
        in the expressiveness of the tag set in use, and would welcome an opportunity to use more
        abstract tagging, with attributes to signal semantics for possible application downstream,
        when the situation warrants it.

      Yet both these scenarios raise the question of what should happen in a production system
        when these elements are encountered: clearly, these capabilities are somewhat at odds with
        processing requirements, since to hide semantics in attributes is in no way
        the same as extending an application framework to support them. Yet (as noted above) there
        is a great advantage in having a set of elements designated especially for this purpose, as
        opposed to the present state of affairs, in which this already happens, but in a way much
        less amenable to improvement, because the elements being appropriated are already designated
        for other purposes.

      Again, layered validation, where only the basic structures are validated in the core
        schema, and supplementary validation logic is provided elsewhere (in schemas, Schematron,
        XSLT or custom logic), provides a way to negotiate the challenges here. The abstract generic
        elements are already provided with a baseline of functionality by virtue of their mappings
        to common display types. Provide for alerts in the system when unknown labels or
        combinations are used, and developers can then address them more specifically, whether by
        extending processing, retagging, or pushing the questions they raise back for editorial
        consideration.

    
    
      Microformats as a driver for evolutionary change

      A set of abstract generic elements can offer a way for users to mark up structures of
        arbitrary description and complexity as they are encountered. But if this concept works in
        the field, it will be due to the willingness of users and application developers to work to
        support it. Is half a loaf really better than none?

      Experience with HTML shows that local users are able, and eager, to take good advantage
        of such capabilities, given the right level of support by generic tools. Furthermore, this
        reservation has its counter-argument built into it: anything that rewards users for taking
        such responsibility – confronting practical issues of schema design and document
        modeling and getting hands-on experience with transformations – will be a good
        thing.

      While good design is accomplished by design, markup technologies do not develop in a
        technological or cultural vacuum, and no design can foresee exactly the ways in which it can
        be put to use. In this kind of world, we can rely also on evolutionary mechanisms –
        selecting and promulgating the most successful from among those attempted – to help us
        distinguish the best available solutions to any set of problems. But this requires
        alternatives from which we can select.

      In a widely deployed tag set, variations in tagging practices are certain to occur; and
        in an environment in which many different approaches can be tried, some will persist and
        spread. While including a set of abstract generic elements will make any tag set better
        fitted for use across a disparate community, the argument for fitness does not end with
        this. Abstract generic elements may also serve as useful laboratories for tagging practice;
        and on this basis, common microformats for common kinds of data and common markup problems
        may emerge, and even micro-standards, perhaps, maintained much like the core standards
        although across more localized application domains within and across organizations.

      It should be stressed that the aim here is to serve bottom-up as well as top-down design
        for XML applications in use – not because XML schemas don't work, but because they do.
        Precisely because, and insofar as, communities are able to
        take advantage of shared practices and tools, the needs of authors, editors and publishers
        to design their own models will continue to be felt. Giving them the means to do this will
        enable and empower them, while maintaining the integrity of the community standards they
        share.
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Notes
In passing, it is worth noting that none of these problems arise in XML document types
          or formats that are designed to face applications (such as, say, XSL formatting objects or
          SVG), rather than describe information directly without regard to how it may be processed.
          This is because an application format, as opposed to a descriptive format, defines its
          coverage and comprehensiveness in the design of the application. From this, we can reason
          backwards and see that the problems discussed here are inherent in the very idea of
          descriptive markup, since to posit a description of a text that is not bound to a
          particular application is to raise the question of how we define that description's
          coverage and comprehensiveness.

      
View note in Notes section
I offer this example without being able to confirm that the design of Kay's book
            actually shares its structures exactly with other books in the series. But even if it
            does not, we all know of cases like this.

        
View note in Notes section
I know a publisher that forbids formatted lists, either numbered or bulleted. Markup
            designers like this sort of thing: no lists to worry about. The onus is on the authors
            to do without them.

        
View note in Notes section
Take epitaphs in prose fiction as an example. Among Menippean satires, the genre to
            which Sartor Resartus belongs, they are perhaps not
            uncommon. But shift the scope to nineteenth-century fictional monographs, in a corpus of
            one or a dozen or a hundred instances including Sartor
              Resartus, we may find just the one epitaph, an anomaly. Yet in a thousand,
            maybe there are three or four epitaphs, in ten thousand, thirty or forty – still
            unusual, but no longer quite anomalies. But now we discover a dinner menu. If we had
            randomly picked the single work with the dinner menu earlier, we would have seen this
            anomaly earlier – but in smaller samples, it is more likely not to find dinner
            menus at all.

        
View note in Notes section
Shannon puts this mathematically as our ability to select which of a possible set of
            messages we have in front of us. To select correctly from among possibilities is to
            differentiate. See also spencerbrown1969.

        
View note in Notes section
This is not to argue that we do not rely frequently or even always on information
            whose transmission is not perfectly reliable, such as the expectation that the term
              para will be taken to assert something particular to a recipient. It is
            only to point out that from the machine's point of view, all we have said by labeling
            something a para is that it is like other things with the markup
              para, and unlike things marked div or span or
            anything else not para. Whether this likeness or unlikeness will have any
            consequences in processing is again a different matter.

        
View note in Notes section
See my 2001 paper on this topic, Beyond the ‘Descriptive vs
              Procedural’ Distinction
            [piez2001].

        
View note in Notes section
To provide for an optimized method for schema extension as Docbook and NLM/NISO do
          through modular design, and TEI and DITA through their more specialized mechanisms, does
          not actually alleviate this problem, inasmuch as it demands familiarity with a whole new
          set of technical arcana in order to make things easier. This is not to say
          that such measures are without advantage or value, just that their value is not in making
          schema modification more accessible to non-experts.

      
View note in Notes section
I described this sort of mechanism in my 2009 Balisage paper, How to Play XML:
            Markup technologies as nomic game
          [piez2009].

      
View note in Notes section
That is, the issue is not that more properly descriptive markup is not possible or
          useful for tables (see birnbaum2007), but that to design, deploy and
          support correct, descriptive markup ad hoc
          for every table (or even most sets of tables) is simply impractical. The related workflow
          problem – that insofar as it separates description from presentation, markup tends
          to take the design of a table's presentation out of the hands of people who are properly
          responsible for it (that is, authors or editors who understand the information's
          intellectual structure, which that presentation must reflect not just generically but in
          the particular instance) – is related to this.

        It should be added, however, that information that is presented in tabular form might
          well be marked up using more abstract structures, leaving presentational issues to a
          processing step, without having particular elements devoted to the particular semantics of
          every particular table.

      
View note in Notes section
To be sure, the application of microformats I suggest here, and its rationale, is
          somewhat different from microformats (at least as usually promoted) in HTML, where they
          are all about implicit application binding by way of semantic labels, as opposed to
          description in the stricter sense. Yet there is a wide spectrum between these two
          extremes, which can and should be filled as much by users addressing their local problems
          as by engineers building a system out: in both cases, the promise is that applications can
          be built on top of the standard without having to modify and extend the standard
          itself.

      
View note in Notes section
In paraphrasing this talk at Balisage 2011, Michael Sperberg-McQueen helpfully
          described this mechanism as control points for extensibility in the
            instance. This is a nice way of indicating that far from being an allowance for
          less control over content, the essence of the proposal is to make it possible for both
          schema designers and document creators to assert more
          control, by asserting it gently when it cannot be asserted strongly.

      
View note in Notes section
See in particular Bauman2011 and Kimber2011 on
            this topic. Also see piez2001 for more on the distinction between
            descriptive tagging and applications of markup to application-centric data
            modeling.

        
View note in Notes section
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            unusual, but no longer quite anomalies. But now we discover a dinner menu. If we had
            randomly picked the single work with the dinner menu earlier, we would have seen this
            anomaly earlier – but in smaller samples, it is more likely not to find dinner
            menus at all.

        

	[5]Shannon puts this mathematically as our ability to select which of a possible set of
            messages we have in front of us. To select correctly from among possibilities is to
            differentiate. See also spencerbrown1969.

        

	[6]This is not to argue that we do not rely frequently or even always on information
            whose transmission is not perfectly reliable, such as the expectation that the term
              para will be taken to assert something particular to a recipient. It is
            only to point out that from the machine's point of view, all we have said by labeling
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          problem – that insofar as it separates description from presentation, markup tends
          to take the design of a table's presentation out of the hands of people who are properly
          responsible for it (that is, authors or editors who understand the information's
          intellectual structure, which that presentation must reflect not just generically but in
          the particular instance) – is related to this.

        It should be added, however, that information that is presented in tabular form might
          well be marked up using more abstract structures, leaving presentational issues to a
          processing step, without having particular elements devoted to the particular semantics of
          every particular table.
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          extremes, which can and should be filled as much by users addressing their local problems
          as by engineers building a system out: in both cases, the promise is that applications can
          be built on top of the standard without having to modify and extend the standard
          itself.

      

	[12]In paraphrasing this talk at Balisage 2011, Michael Sperberg-McQueen helpfully
          described this mechanism as control points for extensibility in the
            instance. This is a nice way of indicating that far from being an allowance for
          less control over content, the essence of the proposal is to make it possible for both
          schema designers and document creators to assert more
          control, by asserting it gently when it cannot be asserted strongly.

      

	[13]See in particular Bauman2011 and Kimber2011 on
            this topic. Also see piez2001 for more on the distinction between
            descriptive tagging and applications of markup to application-centric data
            modeling.

        


XML out — reducing clutter.
Balisage: The Markup Conference 2011
Montréal, Canada August 2 - 5, 2011 · Volume 7 (2011)
Canonical Source
Note: There was no XML source for this entry, so the canonical source linked above is the sole source.
Liam R. E Quin


Supplementary links
	Slides and materials


    
          Determining the Impact of Eric Clapton on Music Using RDF Graphs

    Selected Challenges of Semantics Across and Within Datasets

    Balisage: The Markup Conference 2011
August 2 - 5, 2011 · Volume 7 (2011)
Canonical Source

            Ronald P. Reck

            Principal
RRecktek LLC.
rreck@rrecktek.com

        
                 For over a decade Ronald P. Reck has operated the consulting company, RRecktek LLC, outside of
                    Washington DC metropolitan area. RRecktek LLC has enjoyed over one hundred
                    contracts ranging from the data warehousing of state, local, and federal law
                    enforcement incident reports outside of submarine bases for The Navy Criminal
                    Investigative Service (NCIS) to vocabulary projects for the management and
                    dissemination of controlled vocabularies for the Directorate of National
                    Intelligence (DNI) as a member of the Intelligence Community Metadata Working
                    Group staff and a "simple" content management system for build out drawings for
                    global telecom company. Among the companies served include Nextel, Winstar, ANS
                    +COre, AOL, Standard & Poors, The Federal Communications Commission,
                    Kiplingers Newletter, Radio Free Asia, Eastman Kodak, The United States
                    Information Agency, The Council of Better Business Bureaus, Department of
                    Defense Health Affairs and others. He prides himself on developing scalable,
                    open source architectural strategies for difficult problems. Ron resides with his
                    lovely wife Olga and the best son in the entire world. 
                

            

            

        
            Kenneth B. Sall

            Principal Systems Engineer/XML Data Analyst
Ken Sall Consulting
kensall@gmail.com

        
                 Ken Sall has been supporting the US federal government in XML efforts since
                    1998. His customers include NASA, General Services Administration (GSA),
                    Department of Homeland Security (DHS), and the Intelligence Community. Sall has been
                    an active contributor to XML and data standardization efforts including the Federal
                    Enterprise Architecture - Data Reference Model (FEA DRM), the National Information
                    Exchange Model (NIEM), and the Intelligence Community Metadata Standards for
                    Publication (IC MSP), as well as participating in several federal XML and data
                    management working groups. As the author of 
                    XML Family of Specifications: A
                    Practical Guide (Addison-Wesley, 2002), he basks in the glory of quarterly
                    statements from his publisher that no longer include payments. Music is his
                    passion. XML too. 
                

            

            

        
            Wendy A. Swanbeck

            Principal
Wendy Swanbeck
Wendy.Swanbeck@verizon.net

        
                
                    Wendy Swanbeck has worked as a software engineer for over 20 years. In the
                    past she has worked on a variety of projects including graphical design
                    programs, mainframe control systems, and CAD design software for commercial and
                    government projects. More recently she has been working at Eastman Kodak Company
                    writing software for networking systems, color management and photo manipulation
                    GUI software. She also donates some of her time creating websites for groups
                    that need it. Her passion is to architect and write clean, flexible and robust
                    software using the right tools for the job.
                

            

            
        
           

            Abstract

                As music is a topic of interest to many, it is no surprise that 
                developers have applied web and semantic technology to provide various RDF datasets 
                for describing relationships among musical artists, albums, 
                songs, genres, and more. As avid fans of blues and rock music, we 
                wondered if we could construct SPARQL queries to examine properties and 
                relationships between performers in order to answer global questions 
                such as "Who has had the greatest impact on rock music?" Our primary 
                focus was Eric Clapton, a musical artist with a decades-spanning career 
                who has enjoyed both a very successful solo career as well as having 
                performed in several world-renowned bands.
                
              
                The application of semantic technology to a public 
                dataset can provide useful insights into how similar approaches can be 
                applied to realistic domain problems, such as finding relationships 
                between persons of interest. Clearly understood semantics of available 
                RDF properties in the dataset is of course crucial but is a substantial 
                challenge especially when leveraging information from similar yet 
                different data sources.
              
                This paper explores the use of DBpedia and MusicBrainz data sources 
                using OpenLink Virtuoso Universal Server with a Drupal frontend. Much 
                attention is given to the challenges we encountered, especially with 
                respect to relatively large datasets of community-entered open data sources of varying quality
                and the strategies we employed or recommend to overcome the challenges.               
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        Introduction and Pre-History

        A long, long time ago in a galaxy much like our own, one of the authors, Ken Sall,
            was fascinated by the number of musicians who had played with John Mayall. [1]          
            Armed only with paper, pencil and lots of record album jackets, he drew a diagram 
            with Mayall at the center and arcs pointing to musicians who played with him, such as
            Eric Clapton, Peter Green, Mick Taylor, etc. Then he drew arcs from these musicians to others they
            had played with. Soon he reached the limit of the paper. Since this was prior to the 
            emergence of the PC, there was no option to scroll or easily copy to a larger drawing
            area. But Ken held onto this labor of trivia for nearly 40 years.
            (See Figure 1, “John Mayall Connections”.)
            Meanwhile, Pete Frame developed far more detailed and visually appealing 
            rock family trees pframe, 
            some of which appeared in various publications such as Rolling Stone magazine
            and the Encyclopedia of Rock. 
        

        
            Nearly everyone is familiar with the Six Degrees of Kevin Bacon
            trivia game kbacon.
            The Bacon number is based on a game where actors were rated on distance they were away from the actor
            Kevin Bacon. Actors who appeared in a movie with Kevin Bacon were given a Bacon number of 1, and actors
            having only been in movies with actors with a Bacon number of 1 were given a Bacon number of 2.
            Each degree of separation lead to increasing the Bacon number by 1.
            The object is to connect any movie star to Mr. Bacon with no more than six hops based on 
            two people appearing in either the same movie or commercial.        
            This is a popular special case
            of the more general Six Degrees of Separation sixDegrees
            also known as the Human Web. The idea is that any two people on the planet can be
            connected by no more than six hops.
            According to Wikipedia," Mathematicians use an analogous notion of collaboration distance".
        

        [image: John Mayall Connections]
                
            
Figure 1.John Mayall ConnectionsDozens of musicians are within a few degrees of separation from John Mayall (circa 1972).

   
    
    
        Problem Statement

         
            Using semantic technology, we can certainly improve upon hand copying of data from
            record album jackets. If we can refer to a recording artist with all the associations to
            other musicians and to the albums they appeared on together, we can produce more
            complete graphs than what is shown in Figure 1, “John Mayall Connections”.
            
            As avid fans of blues and rock music, we wondered if we could construct SPARQL queries
            to examine properties and relationships between performers in order to answer global
            questions such as "Who has had the greatest impact on rock music?" Our primary focus was
            Eric Clapton, a musical artist with a decades-spanning career who has enjoyed both a
            very successful solo career as well as having performed in several world-renowned bands.
            Then using Drupal and SVG to visualize the results, we could traverse the musician
            graphs in a straightforward manner. 
        

        This paper explores the use of DBpedia and MusicBrainz data sources using OpenLink
            Virtuoso Universal Server with a Drupal frontend. Much attention is given to the
            challenges we encountered, especially with respect to community-entered open data
            sources and the strategies we employed to overcome the challenges.
            One such challenge we encountered was that there were several properties by which an artist
            could be connected to another and the semantics were not well-defined, as discussed later.
        

        
           We should be able to draw inferences from the data. According to Dean Allemang and Jim Hendler:

        
            In the context of the Semantic Web, inferencing simply means that given some stated information,
                we can determine other related information that we can also consider as if it had been stated.              
            

            
        SemWebBook

        For example, ultimately we plan to use RDF and SPARQL to address questions such as these:
            

                	Which recording artist has directly played with the most musicians?


                	Which recording artist has the most connections within six degrees?


                	Which musician has been a session man for the most number of artists?


                	Which recording artist was most active during a particular decade?


                	Among all artists of a particular genre, who has played with the most other musicians?


              	Which rock artist's extended graph has the most other artists in 2 degrees? 3 degrees? 4 degrees?


                	Who has appeared on the most albums?


                	If we weight results by the length of time a band stays together, how does that impact other queries?


                	Can we distinguish between legitimate releases and unofficial releases?


                	What additional inferences can be made when multiple graphs are queried?


                	Can results be corroborated by comparing results to ground truths (i.e. documented in Joel Whitburn's Billboard books)?


                	Which musician-related properties are reversible (inverse makes sense)?


                	How can we differentiate between a musician's playing in a band, being associated with other musicians, 
                    starring together in a live show, and others collaborating with the musician?


                	Does total number of songs or album released correlate with other measures of success?


                	Who created the most songs?


                	Which song has been recorded the most times by any artists? 
                    ("Yesterday" and "White Christmas" are typically cited.)


                	Is there a predominant record label in the music world?


                	Which solo artist has had the longest career?


                	Which band has been together (in some form) the longest time?


                	What is the average age of a musician when he/she first joined a band?


                	For bands with changing membership, can we conclude which configuration lasted the longest?


                	What is the "Eric Clapton number" (a la Kevin Bacon number) for various musicians?


                	Can we use our own knowledge of Eric Clapton to clarify some of the semantics behind some of the RDF data we encounter?


            

        
            Our notion of a musical artist's activity and impact can be explained in general terms. We consider
            activity to be correlated with the number of recordings produced. 
            Another factor that we chose not to consider is an artist's concert performances 
            unless they resulted in a commercially available recording.
            An artist's impact is more subjective. The greater the number of
            musicians that play with a performer (the greater the number of associations), the greater the
            potential impact of the performer, provided that the performer is not simply a session man. 
            Another measure that would have proved extremely helpful in determining both
            activity and impact in a more quantitative manner would be the use of Billboard chart data.
            Unfortunately, use of Billboard data is not royalty free.[2]
        

        
            Furthermore, our working definitions  of activity and impact is primarily based on commercial recordings of an artist.
            We acknowledge that some artists tend to perform numerous live concerts and yet have produced
            relatively few commerical recordings; many of these concerts may be available on bootleg recordings.
            The argument could easily be made that the number of concerts and/or number of bootleg recordings
            are correlated with activity and/or impact. We have chosen not to consider these factors at this time.
        

    
    
        Data Sources

        Fortunately in 2011, there is a tremendous wealth of information about musicians freely
            available on the Web either in structured markup, especially triples, that lends itself to
            SPARQL queries. For example, Wikipedia tells us that Eric Clapton eclapton is associated with:
            Dire Straits, The Yardbirds, John Mayall & the Bluesbreakers, Powerhouse, Cream, Free Creek, 
            The Dirty Mac, Blind Faith, J.J. Cale, The Plastic Ono Band, Delaney, Bonnie & Friends, Derek and the Dominos, and T.D.F.
            By comparison, Ringo Starr rstarr is associated with The Beatles, Rory Storm and the Hurricanes, 
            Ringo Starr & His All-Starr Band, and Plastic Ono Band. On the surface, Ringo's direct associations are fewer,
            but actually Ringo Starr & His All-Starr Band has had 11 different lineups (to date)
            with a total of 42 unique musicians, most of whom have a number of associations as well. allStarBand
        

            The various data sources we leveraged are discussed in the following subsections.

        
        
            Wikipedia and Infoboxes

            
                The primary (although indirect) source for our RDF data was Wikipedia which
                is a major source of detailed information about musicians, among many other things. To understand both
                the kinds of properties available and their open community origins, some details about
                Wikipedia are in order.
            

            
                As illustrated by the excerpt from Clapton's Wikipedia page below, 
                the main page for a musical artist
                contains an abstract at the top, a contents navigation box below the abstract with a variable number
                of section links pointing to the main content of the page, 
                and a so-called infobox in the upper right.
                In addition to a main page,
                most musical artists with more than a handful of albums or singles have a separate 
                discography page with
                varying amount of detail and organization regarding studio albums, live albums, compilations, singles, etc.
                The discography is linked to the musician's main page and vice versa.
            

                [image: Eric Clapton's Wikipedia Page (excerpt with Infobox on right)]
                        
                    
Figure 2.Eric Clapton's Wikipedia Page (excerpt with Infobox on right)Wikipedia. "Eric Clapton -- Wikipedia, The Free Encyclopedia". 2011.

   
             An infobox is
                a fixed-format table designed to be added to the top right-hand corner of Wikipedia
                articles to consistently and concisely present a summary of some common aspects that
                the articles of the same category (i.e., musical artist) share, as well as to
                improve navigation to other interrelated articles (i.e., music genres). Infoboxes
                are an instance of MediaWiki's template feature; there are numerous infobox
                templates arranged by broad categories such as arts and culture infobox templates, which is further divided into 10
                subcategories including templates for film, fictional characters, and music. There
                are over 50 templates in the subcategory music
                    infobox templates of which the most relevant to our work is the template for the infobox of musicial artists. (See the right side of
                    Table 1 below.) This infobox template is used by
                Wikipedia authors to create infoboxes such as Clapton's, shown in the left side of the table. The
                correspondence between the template and the resultant infobox is apparent when
                viewed side by side. Most of the properties that we used in our queries (e.g., name,
                genres, associated acts, etc.) are based on the contents of the infobox, with the
                notable exception of albums (from the discography page).
            

            
                Table 1Clapton's Infobox (left) and Generic Musical Artist Infobox Template (right) [cited 03 Apr 2011]
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                The wiki source markup of the infobox is shown in Figure 3. For a much more complete
                explanation of the Wikipedia extraction process employed by DBpedia including a discussion of 
                the design and development of infobox templates,
                see Auer1 and Auer2.
                
[image: Wiki Source Markup for Clapton Infobox]
                        
                    
Figure 3.Wiki Source Markup for Clapton InfoboxCompare markup to rendering shown in Table 1.


        
        
        
            DBpedia

            
                One of the two primary dataset we used was DBpedia 3.6 en (English) based on Wikipedia dumps from October/November 2010.
                DBpedia dbp01 is a community effort to provide sophisticated query access to the structured content of
                Wikipedia, thereby allowing a small group of researchers and developers to enhance Wikipedia by linking to additional datasets.
                The DBpedia 3.6 release announcement
                describes the content in detail:            
                

                    
                    "The new DBpedia dataset dbp02 describes more than 3.5 million things, of which
                    1.67 million are classified in a consistent ontology, including 364,000
                    persons, 462,000 places, 99,000 music albums, 54,000 films, 16,500 video
                    games, 148,000 organizations, 148,000 species and 5,200 diseases.
                    
                    The DBpedia dataset features labels and abstracts for 3.5 million things in
                    up to 97 different languages; 1,850,000 links to images and 5,900,000 links
                    to external web pages; 6,500,000 external links into other RDF datasets, and
                    632,000 Wikipedia categories.
                    
                    The dataset consists of 672 million pieces of information (RDF triples) out
                    of which 286 million were extracted from the English edition of Wikipedia
                    and 386 million were extracted from other language editions and links to
                    external datasets."
                    

                

              The DBpedia Ontology dbp03 is a cross-domain ontology 
                    created from the most commonly used infoboxes within Wikipedia. 
                    The ontology currently covers over 272 classes with 1,300 different properties and 1.667 million resources,
                    364,000 of which are Persons.  
                    DBpedia predicate IRIs [3] begin with either http://dbpedia.org/ontology or 
                http://dbpedia.org/property; entitites are designated 
                by http://dbpedia.org/resource.
                

                
                    We initially used a simple SPARQL query sparql01 to determine what properties are relevant to a musician
                    as shown in the following two listings. Some musicians had less than the 23 properties shown;
                    others had more. Note that the resource IRI designating the musician is a straightforward rendering of
                    the artist's name in English with underscores replacing spaces: 
                    http://dbpedia.org/resource/Eric_Clapton.
                   

                       
            SELECT DISTINCT (?predicate) WHERE {
                ?s ?predicate <http://dbpedia.org/resource/Eric_Clapton>.
            } ORDER BY ?predicate         
                       
                       

                   
Figure 4.Display Properties Defined for Eric Clapton (as object)
                http://dbpedia.org/ontology/artist
                http://dbpedia.org/ontology/associatedBand
                http://dbpedia.org/ontology/associatedMusicalArtist
                http://dbpedia.org/ontology/composer
                http://dbpedia.org/ontology/musicComposer
                http://dbpedia.org/ontology/musicalArtist
                http://dbpedia.org/ontology/musicalBand
                http://dbpedia.org/ontology/partner
                http://dbpedia.org/ontology/producer
                http://dbpedia.org/ontology/spouse
                http://dbpedia.org/ontology/starring
                http://dbpedia.org/ontology/wikiPageDisambiguates
                http://dbpedia.org/ontology/writer
                http://dbpedia.org/property/associatedActs
                http://dbpedia.org/property/before
                http://dbpedia.org/property/currentMembers
                http://dbpedia.org/property/music
                http://dbpedia.org/property/pastMembers
                http://dbpedia.org/property/producer
                http://dbpedia.org/property/spouse
                http://dbpedia.org/property/starring
                http://dbpedia.org/property/writer
                http://www.w3.org/2002/07/owl#sameAs
                    
             
                   
Figure 5.Clapton's DBpedia Properties - Version 1 (23 Predicates)
                    In a later section, we discuss alternative property-related queries with different results.
                

                Wikipedia-like categories can also be specified in queries. The following query returns
                    the short list of musical artists who have three distinctions: Grammy Award winners, Rock and Roll Hall of Fame inductees, and
                    MTV Video Music Awards winners.
                

            
                
        SELECT  ?allAwards
        { 
         ?allAwards <http://purl.org/dc/terms/subject> 
                              <http://dbpedia.org/resource/Category:Grammy_Award_winners>.
         ?allAwards <http://purl.org/dc/terms/subject> 
                              <http://dbpedia.org/resource/Category:Rock_and_Roll_Hall_of_Fame_inductees>.
         ?allAwards <http://purl.org/dc/terms/subject> 
                              <http://dbpedia.org/resource/Category:MTV_Video_Music_Awards_winners>
        } ORDER BY ?allAwards                
                
            

            The thrice-honored, distinguished musical artists are:
            [4]
            

            
                
        http://dbpedia.org/resource/Aerosmith
        http://dbpedia.org/resource/Bruce_Springsteen
        http://dbpedia.org/resource/Elton_John
        http://dbpedia.org/resource/Eric_Clapton
        http://dbpedia.org/resource/Johnny_Cash
        http://dbpedia.org/resource/Madonna_%28entertainer%29
        http://dbpedia.org/resource/Metallica
        http://dbpedia.org/resource/Michael_Jackson
        http://dbpedia.org/resource/R.E.M.
        http://dbpedia.org/resource/The_Beatles
        http://dbpedia.org/resource/The_Rolling_Stones
        http://dbpedia.org/resource/U2
        http://dbpedia.org/resource/Van_Halen                
                
            

            
                The full list of predicates relating to MusicalArtist 
                is quite large. The figure below is a partial view of the DBpedia "About: Eric Clapton" page.
                    The IRI http://dbpedia.org/resource/Eric_Clapton forwards to this page.
                        
[image: Dereferencing the Eric Clapton DBpedia IRI (excerpt)]
                                                
                                
                                    [image: Dereferencing the Eric Clapton DBpedia IRI (excerpt)]
                                                  
                            
Figure 6.Dereferencing the Eric Clapton DBpedia IRI (excerpt)                  
                

        
            MusicBrainz

            MusicBrainz musicBrainz is another comprehensive public database for musician information; it
                contains detailed data about artists, release groups, releases, tracks, record labels and many relationships between them.
                As described in the database overview,
                MusicBrainz defines artist attributes including the artist's name, aliases, GUID, annotation, type (individual or group), and
                begin and end dates (birth/death of an individual or formation/disbanding for a group).  A release group is a logical grouping
                of variant releases (deluxe/limited editions, reissues/remasters, international variations, box sets, etc.). One example is
                the release group describing several 
                variants of Clapton's 461 Ocean Boulevard album.
                Each release group is identified by type (album, single, EP, compilation, soundtrack, live, etc.), as well as by artist, title, and ID.
                An individual release has the same properties as a release group as well as status (official, bootleg, etc.), Amazon ASIN,
                annotation, language, release event (date, country, format, label, etc.) and more. Each track has properties such as
                duration (in milliseconds) and PUID (the MusicIP acoustic fingerprint identifier for the track) as well as artist, title, and ID.
                Record labels are also described with a number of detailed attributes. 
            

            
                Every MusicBrainz ID (MBID) is a permanent GUID. There is a direct relationship between an artist's MBID, a IRI that
                identifies the artist, and a web page that collects information about the artist. For example:
                

                    	Eric Clapton's MBID is 618b6900-0618-4f1e-b835-bccb17f84294


                    	Eric Clapton's IRI is http://musicbrainz.org/mm-2.1/artist/618b6900-0618-4f1e-b835-bccb17f84294 (points to basic RDF metadata)


                    	His MusicBrainz page is http://musicbrainz.org/artist/618b6900-0618-4f1e-b835-bccb17f84294.html


                

             Below is a screenshot of the
                Eric Clapton MusicBrainz page.
                MusicBrainz offers a tremendous amount of detail about releases as exemplified by the page for Clapton's classic
                From the Cradle blues album.
                    
[image: Eric Clapton's MusicBrainz Main Page]
                            
                        
Figure 7.Eric Clapton's MusicBrainz Main Page
            
                MusicBrainz also provides a web service interface to its extensive database.
                Requests may be English-like such as http://musicbrainz.org/ws/1/artist/?type=xml&name=Eric+Clapton or
                may contain MBIDs such as http://musicbrainz.org/mm-2.1/album/1301e027-b038-4017-9b4c-7655bff78f6b for the 
                "461 Ocean Boulevard" album, shown below. (Release dates of 1974 and three from 1996 are collapsed 
                in the screenshot.)
                
[image: Web Service Result - Query for 461 Ocean Boulevard]
                        
                    
Figure 8. Web Service Result - Query for 461 Ocean Boulevard
            
                MusicBrainz maintains numerous database statistics,
                a small sampling of which appear below. It is interesting to note that in the three months since the draft version
                of this paper, although the number of Recordings increased by approximately 37,000,
                the Artist count dropped by roughly 8,000.  This seems to suggest the dynamic nature of the data both in terms
                of quantity and in how recordings are categorized. (For example, artists may have appeared under variant name 
                spellings.) We could not find a definition for the new term Works in the
                terminology page or other
                MusicBrainz documentation.
            

            
                Table 2Selected MusicBrainz Statistics [accessed 10 April 2011; updated 26 June 2011]


                    	Artists	612,428

                    	Release Groups	787,918

                    	Releases	952,743

                    	Disc IDs	460,876

                    	Recordings [tracks]	10,307,311

                    	Labels	52,156

                    	Works	276,864

                    	Relationships [links]	3,160,096

                    
            



            
            
                The MusicBrainz  data quality page
                states that one of the goals is "Establish a method to determine the quality of an artist and the releases that belong to that artist. 
                This provides consumers of MusicBrainz a clue about the relative quality rating of the data in the database."
                The page explains the connection between the quality number, voting periods, and strictness regarding edits.
            

            
                To accomplish these goals, this feature will allow editors to indicate the quality for a given artist. 
                    An artist can be of unknown, low, medium or high data quality. The data quality indicator determines what 
                    level of effort is required to change the artist information or to add/remove albums from an artist. 
                    An artist with unknown or medium quality will roughly require the amount of effort that MusicBrainz currently 
                    requires to edit the database. An artist with low data quality will make it easier to add/remove albums or
                    to change the artist information (name, sortname, aliases). And an artist with high data quality will 
                    require more effort to add/remove albums or the change the artist information. 
                    The data quality concept also applies to releases in the same manner. Changing a release with low data
                    quality will be easier than changing a release with high data quality.
                

            

         
        
        
            Freebase

             Initially we considered using music data from Freebase freebaseHome, an open, community-based, Creative Commons licensed
                repository of structured data describing millions of entities (i.e., person, place,
                thing) which are connected as a graph. Freebase IDs can be used to uniquely identify
                entities from any web-reachable source. At the time of this writing, the 1.22 GB
                (uncompressed) music segment of Freebase contained 9 million topics and 33 million
                facts. The music category contains classical, opera, and many other genres in
                addition to blues and rock music. Data is formatted as approximately 50 separate Tab
                Separated Values files with filenames such as group_member.tsv,
                group_membership.tsv, musical_group.tsv, guitarist.tsv, album.tsv, artist.tsv,
                release.tsv, and track.tsv (the largest file at roughly 671 MB). A total of over
                151,000 groups are listed in musical_group.tsv. [5]
            

             Freebase data can be used in several ways. MQL (Metaweb Query Language) mql is a query API analogous to SPARQL for RDF. MQL uses JSON
                objects as queries via standard HTTP requests and responses. For example, the IRI
                below will return all the genres associated with Eric Clapton (line breaks added for
                readability). 

                       
        http://api.freebase.com/api/service/mqlread?query={%20%22query%22:
        {%20%22active_start%22:null,%20%22genre%22:[],%20%22name%22:%22Eric%20Clapton%22,
        %20%22type%22:%22/music/artist%22%20}%20}                   
                    
                
 will produce the following result,
                indicating all the genres associated with Eric Clapton: 

            
                {
                  "code": "/api/status/ok",
                  "result": {
                    "active_start": null,
                    "genre": [
                      "Blues",
                      "Rock music",
                      "Blues-rock",
                      "Pop rock",
                      "Hard rock",
                      "Psychedelic rock",
                      "Reggae"
                    ],
                    "name": "Eric Clapton",
                    "type": "/music/artist"
                  },
                  "status": "200 OK",
                  "transaction_id": "cache;cache03.p01.sjc1:8101;2011-01-26T22:45:13Z;0054"
                }
                

                
Figure 9.Freebase Genre Results for Eric Clapton We will see later that this list of genres differs from other data
                sources. 


            For any given group, band members are non-sequential within the
                group_membership.tsv file. The relevant lines for the members of Blind Faith are
                collected in the table below.

            
                Table 3Members of Blind Faith - from
                        Freebase


                    
                        	id
                        	member
                        	group
                        	(role)
                        	start
                        	end
                    

                
                
                    
                        	/m/01tfhrr
                        	Ginger Baker
                        	Blind Faith
                        	 
                        	1968
                        	1969-10
                    

                    
                        	/m/01tfhry
                        	Steve Winwood
                        	Blind Faith
                        	 
                        	1968
                        	1969-10
                    

                    
                        	/m/01wvwr8
                        	Ric Grech
                        	Blind Faith
                        	 
                        	1968
                        	1969-10
                    

                    
                        	/m/01tfhrk
                        	Eric Clapton
                        	Blind Faith
                        	 
                        	1968
                        	1969-10
                    

                
            



             The group_membership.tsv file contains dozens of entries for Clapton, one line
                for each band or other association in which he participated. Each entry (line) is
                identified by a different ID. For example:
                

       /m/01t73cp	Eric Clapton	Derek and the Dominos                   
                

            Eric Clapton's
                    main Freebase page is shown below. The IRI format for Clapton as a topic
                is http://www.freebase.com/view/en/eric_clapton. 
[image: Eric Clapton's Freebase Page]
                        
                    
Figure 10.Eric Clapton's Freebase Page
            Ultimately we elected not to use Freebase as a data source because we, like
                others, were unable to locate the complete Freebase dataset rendered as RDF and
                determined that the conversion process would be non-trivial. In fact, we found
                mailing list and forum messages with others expressing the same problem. Initially
                we had downloaded the dataset in its native format and considered converting it into
                RDF. This would have been possible although many of the lines contained a fourth
                element consisting of a number of values concatenated together; it was unclear how
                that could be cleanly converted into a named graph. After the rough draft of our
                paper was submitted, we discovered that RDF data is available manually by following
                a link labeled "RDF" near the bttom of each Freebase page. It appears that
                this RDF is rendered at execution time since there is a slight delay in the display
                of the RDF. For example, follow the RDF link on the Eric
                    Clapton page. Had we discovered this sooner we might have attempted to
                obtain the Freebase RDF for Rock and Roll stars using some automated process.
            

         
        
       
    
    
        Methodology

        In this section, we discuss our frontend and backend development platform, a few term definitions,
        and details concerning the Graphviz visualization which is still under development as of this July writing.
        

        
            Development Environment

            The front end to our SPARQL queries was a guest virtual machine running under Sun
                VirtualBox 3.1.6_OSE. on a Dell Inspiron with an Intel Core 2 Quad CPU Q9400 running
                at 2.66GHz. The guest operating system is the 10.10 server release of Ubuntu Linux.
                 The
                database machine leverages 2 Intel Xeon X5650 CPUs overclocked to 3.12GHz with 48
                gigabytes of RAM. From the perspective of the 10.10 Ubuntu Desktop operating system,
                the 2 hexcore processors are regarded as 24 processors (149867.81 BogoMIPS). 

            
                Our RDF store was the open source (freely-available) version of
                OpenLink Virtuoso Universal Server virtuoso (Version 06.01.3127) running in "Full Mode". Configuration changes were made to 
                maximize use of available RAM by making a change to the virtuoso.ini file: 
                "NumberOfBuffers = 7000000".
            

            
                On the frontend, our queries were facilitated by Drupal 6.18 with the modules listed in the
                Drupal Modules appendix.
                It was necessary to configure PHP to allow Drupal more memory, so "memory_limit = 512M" 
                was added to /etc/php5/apache2/php.ini.
            

            Drupal 7.0 became available during 2011, but we elected not to migrate to that version.
                Although Drupal 7.0 does have substantially better support for RDF data than earlier 
                versions, that is likely to only effect people publishing information that was
                authored or stored inside Drupal. Our use of Drupal was for collaborative development of and storing of
                queries, as well as for the visualization capabilities.

        
        
            Working Definitions of Key Properties

            The definition list below presents our current thinking about several key concepts that
            are covered in details in later sections; some refer to openCyc.
            

            
                
                    	dbpedia-owl:musicalArtist

                    	a person who is either a musician who plays one or more instruments,
                        or is a singer, or is a music composer; similar (but not identical) to
                        http://musicbrainz.org/mm/mm-2.1#Artist


                
  
                
                    	dbpedia-owl:associatedMusicalArtist

                    	both the subject and object of this predicate are musicians;
                        similar to http://musicbrainz.org/ar/ar-1.0#collaboratedWith


                
                
                
                    	dbpprop:associatedActs

                    	this is mapped either to associatedBand (for subjects who are individual artists) or
                        associatedMusicalArtist (for bands)


                

                
                    	dbpedia-owl:associatedBand

                    	
                        
                            OpenCyc: An element of Band_MusicGroup 
                            is a (small or large) group of musicians who play 
                            non-Classical music together on either a regular or intermittent schedule. 
                        

                    

                

                
                    	dbpedia-owl:genre

                    	a categorization of music into types that can be distinguished from other types of music;
                    can be applied to a musical artist, a band, an album, or individual songs.


                
              
            
          
        
        
        
               
        
            RDF Visualization Coding

            
                In order to better understand our result sets a form of visualization was 
                implemented as a custom Drupal module, written in PHP.  
                The front end was a simple HTML form with JQuery and AJAX for displaying the information.  
                Main processing was handled by the PHP module setup to intercept a post to a particular URL.  
                The PHP module first accesses the POST data and extracts the input search term which became the subject of the following SPARQL query:
             

                 
                 SELECT DISTINCT ?predicate ?object 
                 WHERE {<" . $subject . "> ?predicate ?object } 
                 ORDER BY ?predicate
                 
             
 
                where in our initial implementation $subject is replaced by the musician subject requested by the user.
                XML output is specified by the request as the desired return format.
            

            
                The next step was to convert the XML results output from the query to the
                Graphviz input format DOT language. 
                Graphviz graphvizHome is open source graph visualization software that converts
                descriptions of graphs in a simple text language either to diagrams in various formats 
                (e.g., images, SVG, PDF, Postscript) or for display in an interactive graph browser.
            

            
                Using the SimpleXMLElement class (from the PHP library), the code loops through the 
                results of the SPARQL query <binding> elements, accessing the “name” attribute of each one. 
                If the name attribute is ‘predicate’ (from the ?predicate variable in our SPARQL query), 
                the predicate is obtained from the <uri> subelement.  
                If the name attribute is ‘object’ (from the ?object variable in the query), 
                the value is obtained from the <uri> subelement or the <literal> subelement, 
                depending on which is present in the XML output of the query.  
                If the <uri> subelement is found, we use the uri target for display, 
                but use the complete uri for the link, for use in future queries that the user can select.
                
            

             The Graphviz text input file is constructed incrementally by adding Graphviz
                format input statements for each <binding> element. Since Graphviz defines
                links and colors in a separate section of the file, the XML <binding> elements
                are searched a second time to create the Graphviz [label] entries. (To
                improve performance, we may do this in a single loop populating two sections of the
                Graphviz input at once.) A static set of predefined colors is defined in the module.
                As new predicates (i.e., artist, associatedMusicalArtist, associatedBand,
                musicComposer, producer, writer, etc.) are encountered, new colors are assigned by
                taking the next one from the list and associating it with the new predicate.
                Use of an associative array allows predicates of the same type to be assigned the same color.
                The Graphviz input string is completed when all the <binding> elements have
                been processed and a header and footer are added. 
            

             The SVG data is created by sending the Graphviz input string to the
                graphviz_filter_process method available by means of a Graphviz filter module
                installed on the Drupal site. The SVG description is serialized by the filter
                module. At this point the return information is structured using the Drupal function
                    drupal_json to create JSON formatted data. The SVG data and the XML
                data are each added as named elements of the JSON data and returned to the caller.
            
   
             To use this module, an HTML page with a short embedded JQuery script invokes the
                module and displays the results. The HTML defines an input text field, a search
                button and two <div> elements which initially contain no content. They are
                given the IDs outputGraph and outputTable so content can be associated later using
                JavaScript (JQuery).The user interface is a simple text field into which the user
                types the name of the musician subject and then presses a search button which runs a
                JQuery function that posts the input field to the module previously described using
                AJAX. The AJAX method waits for the data to be returned from the module in JSON
                format. When the JSON data arrives, the returned SVG data and XML data are assigned
                to the <div> elements with the correct IDs. 
            

            The figure below shows one of the Graphviz digraphs.
                
            

                
digraph G {
/*
* @title = CLAPTON
* @formats = svg
*/
rankdir=LR
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Unplugged_(Eric_Clapton_album)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Just_One_Night_(album)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Behind_the_Sun_(Eric_Clapton_album)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Journeyman_(album)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Back_Home_(Eric_Clapton_album)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Reptile_(album)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Live_in_Japan_(George_Harrison_album)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;August_(album)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Steppin&#039;_Out_(Eric_Clapton_album)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Edge_of_Darkness_(soundtrack)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Backless&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;461_Ocean_Boulevard&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;No_Reason_to_Cry&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Slowhand&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;Pilgrim_(Eric_Clapton_album)&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;From_the_Cradle&quot;[ label = &quot;artist&quot; ]
&quot;http://dbpedia.org/resource/Eric_Clapton&quot;-&gt;&quot;One_More_Car,_One_More_Ride] </span> </div>
<div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[log] => [] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[revision_timestamp] => [1300136539] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[format] => [4] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[name] => [wendy] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[picture] => [] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[data] => [a:1:{s:13:&quot;form_build_id&quot;;s:37:&quot;form-18d527e00db0361bf4cea1b231176078&quot;;}] </span> </div>
<div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: green;"> 
[rdf] => array ( </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: green;"> ) </span> </div>
<div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: green;"> 
[path] => [content/claptonsvg] </span> </div><div>&nbsp;);</div></div></fieldset></div>
<div><fieldset class="toggler">
<legend><strong><a href="#"><em>view</em> $node->112</a></strong></legend>
<div class="content" style="display: none;"><div>&nbsp;$node = (</div><div>&nbsp;&nbsp;&nbsp;&nbsp; 
<span style="color: black;"> 
[nid] => [112] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[type] => [graph] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[language] => [] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[uid] => [3] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[status] => [1] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;">
[created] => [1300117673] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[changed] => [1300136539] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[comment] => [0] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[promote] => [1] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[moderate] => [0] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[sticky] => [0] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[tnid] => [0] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[translate] => [0] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[vid] => [112] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[revision_uid] => [3] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;"> 
[title] => [claptonSvg] </span> </div><div>&nbsp;&nbsp;&nbsp;&nbsp; <span style="color: black;">
[body] => [&lt;div class=&quot;graphviz graphviz-&quot;svg&gt;
&lt;object type=&quot;image/svg+xml&quot;
data=&quot;http://www.vocabutek.com/sites/default/files/graphviz/ca80a36e3d121526b2b93ec1f1e076a3.svg&quot;&gt;
  &lt;embed type=&quot;image/svg+xml&quot; 
  src=&quot;http://www.vocabutek.com/sites/default/files/graphviz/ca80a36e3d121526b2b93ec1f1e076a3.svg&quot;
  pluginspage=&quot;http://www.adobe.com/svg/viewer/install/&quot; /&gt;
&lt;/object&gt;
&lt;/div&gt;
]                
                
                

            
Figure 11.Sample Graphviz SVG Digraph (linebreaks added for readability)
                The SVG graphic produced by this Graphviz DOT file was too large to present here.
                See vocabutek.
            

         
        
        
            Interface Screenshots

            
                A sampling of our interface on vocabutek is presented in the following figures.
                As of this writing, the Graphviz visualization is expected to undergo changes.
                Figure 12, “Query Entry” illustrates how we entered queries in the Drupal interface to test.
            

            [image: Query Entry]
                    
                
Figure 12.Query Entry
            
            Figure 13, “Query Result” displays the result of executing the query shown in Figure 12, “Query Entry”.
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Figure 13.Query Result
            
            We used the Drupal adminstration content management to organize queries into cascading menus, as shown
            in Figure 14, “Query Administration - Menu Organization”.
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Figure 14.Query Administration - Menu Organization
            
            The result of the query organzation is shown in Figure 15, “Cascading Menus”
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Figure 15.Cascading Menus
            
            Figure 16, “Visualize a Query - Copy/Paste or Enter” illustrates the interface for running a query to send to Graphviz for
            rendering in SVG. Pre-tested queries can be copy/pasted into a single string (topmost text field) or new
            queries can be entered. The subject defaults to Eric Clapton but any musician can be entered.
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Figure 16.Visualize a Query - Copy/Paste or Enter
            
            Finally, Figure 17, “Graphviz AssociatedBand SVG” depicts part of the SVG resulting from a query, as 
            rendered by Graphviz. (This is one aspect we plan to improve over time.)

            [image: Graphviz AssociatedBand SVG]
                    
                
Figure 17.Graphviz AssociatedBand SVG

         
        
      
    
    
        Challenges and Results

        Our results were hampered by various anomalies or complications discovered in the data sources
            especially in terms of semantics. 
            In this section, we present some of the problems we encountered and either how they were solved or how they might be approached
            in the future.
        

        
        
            Properties of a Musical Artist
           
            We next consider a different view of Clapton predicates.
                The query below returns properties with an object value that contains the string "Eric Clapton".

            
                            
        SELECT DISTINCT ?predicate  WHERE  {
            ?s ?predicate ?o.
            FILTER regex(?o, "Eric Clapton").
        } ORDER BY ?predicate                       
                                                     
                      

                
Figure 18.Find Predicates for Which Clapton is (all or part of) the Object
            
            
                Compare the result below to that presented in figure Clapton's DBpedia Properties - Version 1.
                
                

                http://dbpedia.org/ontology/abstract
                http://dbpedia.org/ontology/alias
                http://dbpedia.org/property/after
                http://dbpedia.org/property/album
                http://dbpedia.org/property/alias
                http://dbpedia.org/property/allWriting
                http://dbpedia.org/property/altArtist
                http://dbpedia.org/property/artist
                http://dbpedia.org/property/associatedActs
                http://dbpedia.org/property/aux
                http://dbpedia.org/property/before
                http://dbpedia.org/property/caption
                http://dbpedia.org/property/chronology
                http://dbpedia.org/property/composer
                http://dbpedia.org/property/cover
                http://dbpedia.org/property/description
                http://dbpedia.org/property/extra
                http://dbpedia.org/property/founders
                http://dbpedia.org/property/fromAlbum
                http://dbpedia.org/property/img
                http://dbpedia.org/property/imgCapt
                http://dbpedia.org/property/label
                http://dbpedia.org/property/lastAlbum
                http://dbpedia.org/property/lyrics
                http://dbpedia.org/property/music
                http://dbpedia.org/property/musicalguests
                http://dbpedia.org/property/name
                http://dbpedia.org/property/namedAfter
                http://dbpedia.org/property/nextAlbum
                http://dbpedia.org/property/note
                http://dbpedia.org/property/notes
                http://dbpedia.org/property/partner
                http://dbpedia.org/property/pastMembers
                http://dbpedia.org/property/producer
                http://dbpedia.org/property/recordedBy
                http://dbpedia.org/property/shortDescription
                http://dbpedia.org/property/starring
                http://dbpedia.org/property/text
                http://dbpedia.org/property/thisAlbum
                http://dbpedia.org/property/title
                http://dbpedia.org/property/writer
                http://purl.org/dc/elements/1.1/title
                http://www.w3.org/2000/01/rdf-schema#label
                http://xmlns.com/foaf/0.1/name                           
                        

                
Figure 19.Clapton's DBpedia Properties - Version 2 (44 Predicates)
            
                When we subsequently connected the DBpedia and MusicBrainz data sources as discussed in
                Bridging Data Sources below, we obtained a third view of Clapton's properties,
                shown in figure Clapton's Properties Combined.
            

         

        
            Along Comes the Association

            
                The paramount requirement in determining an Eric Clapton Number is the ability to
                unambiguously identify those musicians with whom he directly worked. Originally we
                thought this would be rather straightforward. Properties that seemed relevant to
                making that determination included:
                

                    	http://dbpedia.org/property/associatedActs


                    	http://dbpedia.org/ontology/associatedBand


                    	http://dbpedia.org/ontology/associatedMusicalArtist


                    	http://dbpedia.org/property/starring


                    	http://dbpedia.org/property/musicalguests


                

                The musicalguests property was eliminated because it relates only to variety shows such as 
                "The Late Show". The starring property also proved to be unreliable since multiple
                musicians might have all been considered stars of a performance but might not have played together.
                One case in point is the The Concert for Bangladesh; 
                a query returned Klaus Voorman, Billy Preston,
                Bob Dylan, Eric Clapton, George Harrison, Leon Russell, Ravi Shankar, and Ringo Starr. While
                most of these performers did share the stage at one time during the concert, Ravi Shankar did not
                perform with the others. Furthermore, members of the band Badfinger did play with most of the
                others, but they were not returned by the query although we note that Badfinger is cited in the abstract of
                the Wikipedia article in the list of stars of the supergroup.  On the other hand, if we look at the infobox
                on the concert's Wikipedia page, 
                Badfinger is not listed as one of the stars.
            

            
                We considered the associatedActs property since that is the term used in the infobox.
                As seen in Table 1, the infobox on Clapton's Wikipedia page 
                lists these associated acts:
                "The Yardbirds, John Mayall & the Bluesbreakers, Powerhouse, Cream, Free Creek, The Dirty Mac,
                Blind Faith, J.J. Cale, The Plastic Ono Band, Delaney, Bonnie & Friends, Derek and the Dominos".        
            

            
             Our initial attempt to retrieve these artists was a little surprising. Our query
                was: 

                    
        SELECT DISTINCT  ?who
        {  <http://dbpedia.org/resource/Eric_Clapton> <http://dbpedia.org/property/associatedActs> ?who.
        } ORDER BY ?who                    
                    
                
 The result, shown below, was one long string
                [6]
                the contents of which represented a superset of the associated acts on the
                Wikipedia page. The additional associated acts are underlined below.
                
  
        "The Yardbirds, John Mayall & the Bluesbreakers, Powerhouse, Cream, Free Creek, Dire Straits, 
        George Harrison, The Dirty Mac, Blind Faith, Freddie King, Phil Collins, 
        J.J. Cale, The Plastic Ono Band, Delaney, Bonnie & Friends, Derek and the Dominos, 
        T.D.F., Jeff Beck, Paul McCartney, Steve Winwood, B.B. King, The Beatles, The Band"@en
                

                It is unclear how there could be this disparity since the DBpedia data is derived
                from Wikipedia. Although several of the underlined performers played with Clapton,
                they were not in bands together (as far as we could determine). Furthermore, several
                of the bands listed on the original Wikipedia page are arguably not exactly bands in
                the general sense since they existed only briefly and for a specific purpose. The Dirty
                Mac were a supergroup consisting of Eric Clapton, John Lennon, Keith Richards and
                Mitch Mitchell that came together for The Rolling Stones' TV special. Free Creek was
                a band composed of many musical artists, including Eric Clapton, Jeff Beck, Keith
                Emerson, for one super-session album. Powerhouse only recorded a few songs, only three of
                which were released on a compilation album. These "bands" are certainly not
                on a par with the others in the infobox since they were never intended to exist beyond
                their stated purpose.
            
            
            
                Perhaps our interpretation of the associatedActs property was incorrect? Further
                examination of the DBpedia and Wikipedia documentation pointed us to the 
                template for the infobox of musicial artists, 
                shown on the right side of Table 1 in the earlier Wikipedia section.       
                The template description of associated_acts
                from Wikipedia follows. (Numbers have been added for ease of reference and 
                the text has been reformatted.)
                

            This field is for professional relationships with other musicians or bands
            that are significant and notable to this artist's career.                  
            This field can include, for example, any of the following:           
            a1) For individuals: groups of which he or she has been a member
            a2) Other acts with which this act has collaborated on multiple occasions, 
               or on an album, or toured with as a single collaboration act playing together
            a3) Groups which have spun off from this group
            a4) A group from which this group has spun off            
            Separate multiple entries with commas. 
            
            The following uses of this field should be avoided:           
            b1) Association of groups with members' solo careers
            b2) Groups with only one member in common
            b3) Association of producers, managers, etc. (who are themselves acts) 
               with other acts (unless the act essentially belongs to the producer, 
               as in the case of a studio orchestra formed by and working exclusively 
               with a producer)
            b4) One-time collaboration for a single, or on a single song
            b5) Groups that are merely similar
                

                Based on (a1), (a2) and (b4), it would seem that Powerhouse and arguably The Dirty Mac and Free Creek
                should be eliminated from the list of groups of which Clapton was a member.
                [7]
                
            

            
                Further investigation brought us to the numerous
                DBpedia Infobox Mappings
                and specifically to the ontology mapping for the Infobox for Musical Artists.
                The (infobox) template property Associated_acts maps to two ontology properties,
                associatedBand and associatedMusicalArtist, meaning that the infobox property
                can refer to either a group (case (a3) and (a4) above) or to an individual (cases (a1) and (a2)).
            

            
                Therefore we turned our attention to queries involving the ontology properties
                associatedBand and associatedMusicalArtist. The following query
                asks for the bands in which Clapton was a member.
                

                    
        SELECT DISTINCT  ?who WHERE
        {<http://dbpedia.org/resource/Eric_Clapton> <http://dbpedia.org/ontology/associatedBand> ?who.
        } ORDER BY ?who                    
                    
                

                The results are shown below. Note that the results are nearly identical to the string superset 
                shown earlier. (The only exception is X-sample and a few band name variations.)
                The same results are obtained if the predicate is replaced by http://dbpedia.org/ontology/associatedMusicalArtist.
                

                    
        http://dbpedia.org/resource/B.B._King
        http://dbpedia.org/resource/Blind_Faith
        http://dbpedia.org/resource/Cream_%28band%29
        http://dbpedia.org/resource/Delaney,_Bonnie_&_Friends
        http://dbpedia.org/resource/Derek_and_the_Dominos
        http://dbpedia.org/resource/Dire_Straits
        http://dbpedia.org/resource/Eric_Clapton%27s_Powerhouse
        http://dbpedia.org/resource/Freddie_King
        http://dbpedia.org/resource/Free_Creek_%28band%29
        http://dbpedia.org/resource/George_Harrison
        http://dbpedia.org/resource/J.J._Cale
        http://dbpedia.org/resource/Jeff_Beck
        http://dbpedia.org/resource/John_Mayall_&_the_Bluesbreakers
        http://dbpedia.org/resource/Paul_McCartney
        http://dbpedia.org/resource/Phil_Collins
        http://dbpedia.org/resource/Steve_Winwood
        http://dbpedia.org/resource/The_Band
        http://dbpedia.org/resource/The_Beatles
        http://dbpedia.org/resource/The_Dirty_Mac
        http://dbpedia.org/resource/The_Plastic_Ono_Band
        http://dbpedia.org/resource/The_Yardbirds
        http://dbpedia.org/resource/X-sample                    
                    
                

            
                When we reverse the order of the subject and object, the results can be interpreted as musicians who have
                played on Clapton's albums. The query:
                

                    
      SELECT DISTINCT  ?who WHERE
      {?who <http://dbpedia.org/ontology/associatedBand> <http://dbpedia.org/resource/Eric_Clapton>.
      } ORDER BY ?who              
                    
                

                yields these results:
                

                    
        http://dbpedia.org/resource/Aashish_Khan
        http://dbpedia.org/resource/Alan_Clark_%28keyboardist%29
        http://dbpedia.org/resource/Albert_Lee
        http://dbpedia.org/resource/Andy_Fairweather_Low
        http://dbpedia.org/resource/B.B._King
        http://dbpedia.org/resource/Billy_Preston
        http://dbpedia.org/resource/Bobby_Keys
        http://dbpedia.org/resource/Chris_Stainton
        http://dbpedia.org/resource/Chuck_Leavell
        http://dbpedia.org/resource/Dave_Carlock
        http://dbpedia.org/resource/Dave_Mason
        http://dbpedia.org/resource/Doyle_Bramhall_II
        http://dbpedia.org/resource/Freddie_King
        http://dbpedia.org/resource/Ian_Wallace_%28drummer%29
        http://dbpedia.org/resource/Jamie_Oldaker
        http://dbpedia.org/resource/Jeff_Beck
        http://dbpedia.org/resource/Jesse_Ed_Davis
        http://dbpedia.org/resource/Jim_Gordon_%28musician%29
        http://dbpedia.org/resource/Leon_Russell
        http://dbpedia.org/resource/Mac_and_Katie_Kissoon
        http://dbpedia.org/resource/Marc_Benno
        http://dbpedia.org/resource/Marcella_Detroit
        http://dbpedia.org/resource/Nathan_East
        http://dbpedia.org/resource/Otis_Spann
        http://dbpedia.org/resource/P._P._Arnold
        http://dbpedia.org/resource/Phil_Collins
        http://dbpedia.org/resource/Phil_Palmer
        http://dbpedia.org/resource/Pino_Palladino
        http://dbpedia.org/resource/Plastic_Ono_Band
        http://dbpedia.org/resource/Ray_Cooper
        http://dbpedia.org/resource/Reverend_Zen
        http://dbpedia.org/resource/Richard_Cole
        http://dbpedia.org/resource/Rita_Coolidge
        http://dbpedia.org/resource/Rob_Fraboni
        http://dbpedia.org/resource/Sheryl_Crow
        http://dbpedia.org/resource/Steve_Ferrone
        http://dbpedia.org/resource/Steve_Jordan_%28musician%29
        http://dbpedia.org/resource/Stevie_Ray_Vaughan
        http://dbpedia.org/resource/The_Shaun_Murphy_Band
        http://dbpedia.org/resource/Yvonne_Elliman                    
                    
                

                The same results are obtained if the predicate is replaced by http://dbpedia.org/ontology/associatedMusicalArtist.
            

            
                How are associatedBand, associatedMusicalArtist, and associatedActs related? 
                We believe the relationship varies across performers depending upon how individual collaborators interpreted the terms.
                Consider the following similar queries and their very different results, including many performers who are
                unfamiliar to all of the present authors.  
              

  
   SELECT  ?artist (count (?who) as ?count) {  
      ?artist  <http://dbpedia.org/ontology/associatedBand> ?who.         
   }  ORDER BY DESC (?count) LIMIT 10 
   
    http://dbpedia.org/resource/Stan_Levey                                            80
    http://dbpedia.org/resource/Frank_Fenter                                          46
    http://dbpedia.org/resource/Gary_Kellgren                                         42
    http://dbpedia.org/resource/Norman_Granz                                          42
    http://dbpedia.org/resource/Tim_&_Bob                                             39
    http://dbpedia.org/resource/Frankie_Banali                                        38
    http://dbpedia.org/resource/Neil_Cooper_%28ROIR%29                                37
    http://dbpedia.org/resource/Ian_Wallace_%28drummer%29                             34
    http://dbpedia.org/resource/Tha_Dogg_Pound                                        34
    http://dbpedia.org/resource/DonGuralEsko                                          31   
    ------------------------------------------------------------------------------------

   SELECT  ?artist (count (?who) as ?count) {  
      ?artist  <http://dbpedia.org/property/associatedActs> ?who. 
   }  ORDER BY DESC (?count) LIMIT 10   
   
    http://dbpedia.org/resource/Gary_Kellgren                                         42
    http://dbpedia.org/resource/Johnny_Goudie                                         36
    http://dbpedia.org/resource/Even_Steven_Levee                                     33
    http://dbpedia.org/resource/Shelter_%28band%29                                    29
    http://dbpedia.org/resource/Emmylou_Harris                                        29
    http://dbpedia.org/resource/Conny_Plank                                           27
    http://dbpedia.org/resource/Exit-13                                               27
    http://dbpedia.org/resource/K.Will                                                27
    http://dbpedia.org/resource/Warren_Zevon                                          27
    http://dbpedia.org/resource/Damian_LeGassick                                      25  
    ------------------------------------------------------------------------------------

   SELECT ?person (count(?person) as ?count) {
      ?artist <http://dbpedia.org/ontology/associatedMusicalArtist> ?person.
   } ORDER BY DESC (?count) LIMIT 10

    http://dbpedia.org/resource/Snoop_Dogg                                            81
    http://dbpedia.org/resource/Ozzy_Osbourne                                         63
    http://dbpedia.org/resource/Wu-Tang_Clan                                          56
    http://dbpedia.org/resource/Dr._Dre                                               52
    http://dbpedia.org/resource/Guns_N%27_Roses                                       52
    http://dbpedia.org/resource/Lil_Wayne                                             51
    http://dbpedia.org/resource/Morning_Musume                                        50
    http://dbpedia.org/resource/Jay-Z                                                 50
    http://dbpedia.org/resource/Bob_Dylan                                             48
    http://dbpedia.org/resource/Miles_Davis                                           48
  
              
  
              
Figure 20.Comparsion of associatedBand, associatedActs and associatedMusicalArtist
                  
        
        
            Bridging the Data Sources

            
                In order to address some of the more difficult questions or compare results between data sources,
                we needed a way to combine the RDF datasets, or at least to connect musical artist identifiers
                across DBpedia and MusicBrainz. 
            

                    

             We employed the OpenLink Virtuoso Universal Server virtuoso as
                an RDF store. While there are other very good RDF stores such as 4store, the Virtuoso Universal Server [8] is compelling because it supports reasoning. Backward-chaining
                    reasoning is the ability to derive new information based on existing
                information at run time. This contrasts with forward chaining reasoning in which derived information
                is expressed explicitly. An example of forward chaining reasoning would be creating
                and adding triples that represented new information that was inherent in information the
                datastore already contained. 
                [9] 
                There are two major costs to leveraging backward chaining reasoning. The
                first and foremost cost is that derived information is created each time it is needed; it is therefore quite likely
                that the same information is derived repeatedly at run time. The advantage, however,
                is that the derived information does not take up any space in the database. The
                second requirement for leveraging backward chaining reasoning in Virtuoso is the use
                of specific predicates, none of which were available in the native datasets with
                which we worked. 
            
        
             
                Given that the IRI for Eric Clapton was different in DBPedia and MusicBrainz, we used forward
                chaining to express the relatedness between these two IRI’s and thereby facilitating
                backward chaining reasoning in queries. We used the SPARQL
                INSERT directive to create new statements which made
                assertions explicit as a forward-chaining reasoning strategy. Specifically, the
                assertions we added leveraged the owl:sameAs[10] predicates 
                Virtuoso defines to empower
                reasoning. The
                following query was used to create an assertion stating that the DBpedia Subject IRI of type
                http://dbpedia.org/ontology/MusicalArtist corresponds to the MusicBrainz Subject IRIs of type
                http://musicbrainz.org/mm/mm-2.1#Artist whenever the DBpedia
                rdf-schema#label matches the MusicBrainz dc:title
                exactly. 

                    
            SPARQL INSERT in GRAPH inference/sameAs> 
            {?mbiri <http://www.w3.org/2002/07/owl#sameAs> ?s} 
            WHERE { 
            ?s <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/MusicalArtist>. 
            ?s <http://www.w3.org/2000/01/rdf-schema#label> ?dbpedianame. 
            ?mbiri <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://musicbrainz.org/mm/mm-2.1#Artist>. 
            ?mbiri <http://purl.org/dc/elements/1.1/title> ?mbname. 
            FILTER (str(?mbname) = str (?dbpedianame)) };    
                    
                

                This query resulted in the addition of 16,029 owl:sameAs assertions to our datastore which took 
                109,692,665 msec (30.47 hours) to complete.
            

            Since neither these assertions nor the DBpedia and MusicBrainz assertions were in
                the same NAMED GRAPH, it was necessary to use another unique
                capability of the Virtuoso Universal Server called GRAPH GROUPs. 
                This enabled us to refer to multiple NAMED GRAPHs as if they were one. First we
                created a GRAPH GROUP with the following command: 
            

            
            DB.DBA.RDF_GRAPH_GROUP_CREATE ('http://group.dbpedia.inference','1'); 
            

            
                Then we placed the previously created owl:sameAs assertions, as well as
                the NAMED GRAPHs containing DBpedia assertions and the MusicBrainz assertions 
                into the GRAPH GROUP:   
            

            
            DB.DBA.RDF_GRAPH_GROUP_INS('http://group.dbpedia.inference' , 'inference/sameAs'); 
            DB.DBA.RDF_GRAPH_GROUP_INS('http://group.dbpedia.inference' , 'http://mytest.com');
            DB.DBA.RDF_GRAPH_GROUP_INS('http://group.dbpedia.inference' , 'http://musicbrainz.com');                
            

            
                To demonstrate that the owl:sameAs assertions we are indeed
                intersecting the two datasets, consider the following query that determines the properties
                connecting Eric Clapton to resources. Compare this to the figure
                Clapton's DBpedia Properties - Version 1.
            

            
                
            DEFINE input:same-as "yes" 
            SELECT DISTINCT ?predicate  
            FROM <http://group.dbpedia.inference> WHERE 
             {  
             ?s ?predicate <http://dbpedia.org/resource/Eric_Clapton>.             
             } ORDER BY ?predicate 
                
            

            
                The result of this query is 30 properties which is 7 more than the result when querying only DBpedia,
                6 of which come from MusicBrainz. Compare this result to the previous query results shown in
                figures Clapton's DBpedia Properties - Version 1 and Clapton's DBpedia Properties - Version 2.
            

            
                
            http://dbpedia.org/ontology/artist
            http://dbpedia.org/ontology/associatedBand
            http://dbpedia.org/ontology/associatedMusicalArtist
            http://dbpedia.org/ontology/composer
            http://dbpedia.org/ontology/musicComposer
            http://dbpedia.org/ontology/musicalArtist
            http://dbpedia.org/ontology/musicalBand
            http://dbpedia.org/ontology/partner
            http://dbpedia.org/ontology/producer
            http://dbpedia.org/ontology/spouse
            http://dbpedia.org/ontology/starring
            http://dbpedia.org/ontology/wikiPageDisambiguates
            http://dbpedia.org/ontology/writer
            http://dbpedia.org/property/associatedActs
            http://dbpedia.org/property/before
            http://dbpedia.org/property/currentMembers
            http://dbpedia.org/property/music
            http://dbpedia.org/property/pastMembers
            http://dbpedia.org/property/producer
            http://dbpedia.org/property/spouse
            http://dbpedia.org/property/starring
            http://dbpedia.org/property/writer
            http://musicbrainz.org/ar/ar-1.0#composer
            http://musicbrainz.org/ar/ar-1.0#instrument
            http://musicbrainz.org/ar/ar-1.0#performer
            http://musicbrainz.org/ar/ar-1.0#producer
            http://musicbrainz.org/ar/ar-1.0#toArtist
            http://musicbrainz.org/ar/ar-1.0#vocal
            http://purl.org/dc/elements/1.1/creator
            http://www.w3.org/2002/07/owl#sameAs                
                
            

            
Figure 21.Clapton's Properties in Combined Datastore (DBpedia and MusicBrainz) (30 predicates)
            
                Any queries that benefit from using a single IRI to refer to the same artist in both datasets 
                becomes available by adding DEFINE input:same-as "yes" before our result clause.
            

            
                The same 30 results can be obtained with the UNION query below. However, this query
                requires knowledge of the GUID-based MusicBrainz IRI for each musician of interest,
                whereas the above query takes advantage of the previously established
                correspondence between the methods of artist identification in DBpedia and MusicBrainz.
                Therefore, the owl:sameAs approach is clearly the better solution.
            

            
                
            SELECT DISTINCT ?predicate WHERE {
             { 
             ?s ?predicate <http://dbpedia.org/resource/Eric_Clapton>.             
             } 
            UNION
             { 
             ?s ?predicate <http://musicbrainz.org/mm-2.1/artist/618b6900-0618-4f1e-b835-bccb17f84294>.             
             } 
            } ORDER BY ?predicate                
                                
            

          

        
            You Say It's Your Birthday?

             Given the ability to bridge the two datasets, we can now issue queries that
                compare data values across the sets. The query below obtains the birthdates for each
                musical artist in both sources and returns the discrepancies. 

            
                
         DEFINE input:same-as "yes" select ?musician ?DBPdate  ?MBdate 
         {
          ?s <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/MusicalArtist>. 
          ?s <http://dbpedia.org/ontology/birthDate> ?DBPdate . 
          ?s <http://musicbrainz.org/mm/mm-2.1#beginDate> ?MBdate. 
          ?s <http://www.w3.org/2000/01/rdf-schema#label> ?musician. 
          FILTER (str(?MBdate) != str (?DBPdate))
         } 
        ORDER BY ?musician               
                
            

             A sampling of the nearly one thousand mismatched
                birthdates follows. Typically the differences are one day, one month, or one year,
                but note several major differences. We have yet to independently verify all of the
                discrepancies, but we note that the birthday of George Harrison is incorrect in
                MusicBrainz. In fact, MusicBrainz often uses "00-00" dates indicating only the year
                is known. It is probably safe to conjecture that Courtney Love is not 21 and Five
                For Fighting (singer-songwriter John Ondrasik) is not 14, so these birthdates are
                more likely when their musical careers started. Wikipedia confirms that 1997 is indeed
                the first "year active" for Five For Fighting, but Love's initial "year
                active" is 1982. Clearly the interpretation of MusicBrainz's beginDate property
                varies across artists.
                Our tentative conclusion is that DBpedia is more accurate than
                MusicBrainz with respect to birthdates. 

            
            musician            DBPdate 	 MBdate
        50 Cent                1975-07-06 	1976-07-06
        Andy Partridge         1953-11-11 	1953-12-11
        Astrud Gilberto        1940-03-29 	1940-03-30
        Blind Willie Johnson   1897-01-22 	1902-00-00     [5 year difference]
        Blind Willie McTell    1898-05-05 	1901-05-05     [3 year difference]
        Carl Perkins           1932-04-09 	1928-08-16     [4 year difference]
        Courtney Love          1964-07-09 	1990-00-00     [extremely different!]
        David Lee Roth         1954-10-10 	1955-10-10
        Eddie Van Halen        1955-01-26 	1956-01-26
        Edgar Winter           1947-12-28 	1946-12-28
        Five for Fighting      1965-01-07 	1997-00-00     [extremely different!]
        Frankie Valli          1934-05-03 	1937-05-03     [3 year difference]
        George Harrison        1943-02-25 	1943-02-24
        Jennifer Lopez         1969-07-24 	1970-07-24
            

        

        
            Top Record Labels

            
                One of our original questions was "Is there a predominant record label in the music world?"
                The following query answers that question.
            

            
               
          SELECT ?label (count(?label) as ?count)
           {
           ?artist <http://dbpedia.org/ontology/recordLabel> ?label
           } 
          ORDER BY DESC (?count) LIMIT 20      
                
            

            The results are shown below.

            
                
        http://dbpedia.org/resource/Columbia_Records         5762
        http://dbpedia.org/resource/EMI                      4215
        http://dbpedia.org/resource/Warner_Bros._Records     3518
        http://dbpedia.org/resource/Epic_Records             3509
        http://dbpedia.org/resource/Atlantic_Records         3502
        http://dbpedia.org/resource/Capitol_Records          3264
        http://dbpedia.org/resource/Virgin_Records           2926
        http://dbpedia.org/resource/RCA_Records              2590
        http://dbpedia.org/resource/MCA_Records              1975
        http://dbpedia.org/resource/Mercury_Records          1919
        http://dbpedia.org/resource/Island_Records           1800
        http://dbpedia.org/resource/A&M_Records              1697
        http://dbpedia.org/resource/Sony_BMG                 1513
        http://dbpedia.org/resource/Elektra_Records          1480
        http://dbpedia.org/resource/Reprise_Records          1406
        http://dbpedia.org/resource/Arista_Records           1382
        http://dbpedia.org/resource/Geffen_Records           1372
        http://dbpedia.org/resource/Universal_Music_Group    1339
        http://dbpedia.org/resource/Universal_Records        1277
        http://dbpedia.org/resource/Interscope_Records       1226  
            
            

        
        
        
            Musical Genres

            In order to determine which artist is most influential in rock music, we needed to be able to
                reliably specify the genre of interest. However, formulating queries involving genres is more difficult than it would seem. DBpedia (and presumably Wikipedia)
            defines 2,887 musical genres of which 330 contain "rock" in their label. Rock-related genres literally run the gamut
            from A to Z -- Aboriginal_rock to Zulu_rock (really!). To our surprise, the single concept of "rock and roll music"
            is represented by 18 distinctly different IRIs, as determined by the following query.
            [11]
            

            
                
            SELECT DISTINCT (?genre)
              {
              ?album <http://dbpedia.org/ontology/genre> ?genre.
              ?album <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Album>.
              FILTER regex (?genre, "[Rr]ock") .
              FILTER regex (?genre, "[Rr]oll") .
              }
             ORDER BY ?genre                
                
            

            The variants of "rock and roll" are:

            
                
            http://dbpedia.org/resource/British_Rock_and_Roll
            http://dbpedia.org/resource/Real_Rock_and_Roll
            http://dbpedia.org/resource/Rock%27n%27Roll
            http://dbpedia.org/resource/Rock%27n%27roll
            http://dbpedia.org/resource/Rock%27n_roll
            http://dbpedia.org/resource/Rock_%27N%27_Roll
            http://dbpedia.org/resource/Rock_%27n%27_Roll
            http://dbpedia.org/resource/Rock_%27n%27_roll
            http://dbpedia.org/resource/Rock_%27n_Roll
            http://dbpedia.org/resource/Rock_&_Roll
            http://dbpedia.org/resource/Rock_&_roll
            http://dbpedia.org/resource/Rock_N%27_Roll
            http://dbpedia.org/resource/Rock_and_Roll
            http://dbpedia.org/resource/Rock_and_Roll_music
            http://dbpedia.org/resource/Rock_and_roll
            http://dbpedia.org/resource/Rock_n%27_Roll
            http://dbpedia.org/resource/Rock_n_Roll
            http://dbpedia.org/resource/Spanish_language_rock_and_roll               
                
            

            The first and last results above could be considered outliers since they are 
                narrowings of the generic rock and roll classification.

            
                Although Clapton is identified by only a few genres on Wikipedia, his albums fall into 18 genres,
                as determined by the query:
            

            
                
            SELECT DISTINCT (?genre) WHERE 
            	{
            	?s <http://dbpedia.org/ontology/artist> <http://dbpedia.org/resource/Eric_Clapton>.
            	?s <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Album>.
            	?s <http://dbpedia.org/ontology/genre> ?genre
            	}
            ORDER BY ?genre                
                
            

            Genres associated with Clapton's albums follow. Note four variants each for the 
                concepts "blues-rock" and "rock and roll".

            
                
            http://dbpedia.org/resource/Acoustic_blues
            http://dbpedia.org/resource/Blues
            http://dbpedia.org/resource/Blues-Rock
            http://dbpedia.org/resource/Blues-rock
            http://dbpedia.org/resource/Blues_Rock
            http://dbpedia.org/resource/Blues_rock
            http://dbpedia.org/resource/British_Blues
            http://dbpedia.org/resource/Electric_blues
            http://dbpedia.org/resource/Folk_music
            http://dbpedia.org/resource/Jazz
            http://dbpedia.org/resource/Orchestral
            http://dbpedia.org/resource/Pop_music
            http://dbpedia.org/resource/Reggae
            http://dbpedia.org/resource/Rock_%28music%29
            http://dbpedia.org/resource/Rock_and_Roll
            http://dbpedia.org/resource/Rock_and_roll
            http://dbpedia.org/resource/Rock_music
            http://dbpedia.org/resource/Soul_blues    
                 
            

            For any given album, more than one genre may apply. For example, the 1975 album 
                "There's One in Every Crowd" is classified as both reggae and blues-rock.
            For those wondering which Clapton album could possibly be considered jazz or orchestral, that distinction
            belongs to the first "Lethal Weapon" soundtrack, which is also designated as blues. 
            However, the genre query above does not capture all genres associated with Clapton. For example,
            the genre for "Lethal Weapon 3" soundtrack is simply "soundtrack".
            
            

            
            If we wish to display all of Clapton's blues and rock albums, we could use a query such as:
            

            
                
            SELECT DISTINCT (?genre) ?album WHERE 
            	{
            	?album <http://dbpedia.org/ontology/artist> <http://dbpedia.org/resource/Eric_Clapton>.
            	?album <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Album>.
            	?album <http://dbpedia.org/ontology/genre> ?genre .
                FILTER ( regex (?genre, "[Rr]ock") ||  regex (?genre, "[Bb]lues"))
            	}
            ORDER BY ?album                
                
            

            
                To display all of Clapton's albums and their associated genre(s), we used the following query:
            

            
                
            SELECT ?album ?genre WHERE 
            	{
            	?album <http://dbpedia.org/ontology/artist> <http://dbpedia.org/resource/Eric_Clapton>.
            	?album <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Album>.
            	?album <http://dbpedia.org/ontology/genre> ?genre .
            	}
            ORDER BY ?album                
                
            

            
                The result including albums with several genres listed follows. (The common portion of the IRI,
                http://dbpedia.org/resource/ has been removed from each resource to make the results 
                more readable.)
            

            
                
                                 album                                         genre
            24_Nights                                                       Rock_music
            24_Nights                                                       Blues
            461_Ocean_Boulevard                                             Blues-rock
            Another_Ticket                                                  Blues-rock
            August_%28album%29                                              Rock_music
            August_%28album%29                                              Pop_music
            Back_Home_%28Eric_Clapton_album%29                              Blues-Rock
            Backless                                                        Rock_and_roll
            Backtrackin%27                                                  Rock_%28music%29
            Behind_the_Sun_%28Eric_Clapton_album%29                         Rock_music
            Behind_the_Sun_%28Eric_Clapton_album%29                         Pop_music
            Blues_%28Eric_Clapton_album%29                                  Blues-rock
            Clapton_%282010_album%29                                        Blues-rock
            Clapton_Chronicles:_The_Best_of_Eric_Clapton                    Rock_and_Roll
            Crossroads_%28Eric_Clapton_album%29                             Blues-rock
            Crossroads_2:_Live_in_the_Seventies                             Blues-rock
            E._C._Was_Here                                                  Blues-rock
            Eric_Clapton%27s_Rainbow_Concert                                Blues-rock
            Eric_Clapton_%28album%29                                        Rock_and_Roll
            From_the_Cradle                                                 Blues
            From_the_Cradle                                                 Electric_blues
            From_the_Cradle                                                 Soul_blues
            From_the_Cradle                                                 British_Blues
            Guitar_Boogie                                                   Rock_and_roll
            Guitar_Boogie                                                   Blues-rock
            Journeyman_%28album%29                                          Blues-rock
            Just_One_Night_%28album%29                                      Blues-rock
            Lethal_Weapon_%28soundtrack%29                                  Jazz
            Lethal_Weapon_%28soundtrack%29                                  Blues
            Lethal_Weapon_%28soundtrack%29                                  Orchestral
            Live_in_Hyde_Park_%28Eric_Clapton_album%29                      Rock_music
            Live_in_Hyde_Park_%28Eric_Clapton_album%29                      Blues
            Live_in_Japan_%28George_Harrison_album%29                       Rock_and_roll
            Me_and_Mr._Johnson                                              Blues
            Money_and_Cigarettes                                            Blues-rock
            No_Reason_to_Cry                                                Rock_and_roll
            One_More_Car,_One_More_Rider                                    Blues-rock
            Pilgrim_%28Eric_Clapton_album%29                                Rock_music
            Pilgrim_%28Eric_Clapton_album%29                                Blues
            Pilgrim_%28Eric_Clapton_album%29                                Pop_music
            Reptile_%28album%29                                             Rock_music
            Reptile_%28album%29                                             Blues
            Riding_with_the_King_%28B._B._King_and_Eric_Clapton_album%29    Blues-rock
            Riding_with_the_King_%28B._B._King_and_Eric_Clapton_album%29    Blues_rock
            Slowhand 	                                                    Rock_music
            Steppin%27_Out_%28Eric_Clapton_album%29 	                    Blues-rock
            The_Cream_of_Clapton                                            Rock_music
            The_Cream_of_Clapton                                            Blues_Rock
            The_Cream_of_Eric_Clapton 	                                    Rock_music
            The_History_of_Eric_Clapton                                     Rock_music
            The_History_of_Eric_Clapton                                     Blues
            There%27s_One_in_Every_Crowd                                    Reggae
            There%27s_One_in_Every_Crowd                                    Blues-rock
            Time_Pieces:_The_Best_of_Eric_Clapton                           Blues_Rock
            Unplugged_%28Eric_Clapton_album%29 	                            Folk_music
            Unplugged_%28Eric_Clapton_album%29 	                            Acoustic_blues
                
            

            
                However, if we omit a reference to genre and simply ask for Clapton's albums
                using the query:              
            

            
                
            SELECT ?album WHERE 
            	{
            	?album <http://dbpedia.org/ontology/artist> <http://dbpedia.org/resource/Eric_Clapton>.
            	?album <http://www.w3.org/1999/02/22-rdf-syntax-ns#type> <http://dbpedia.org/ontology/Album>.
            	}
            ORDER BY ?album                  
                
            

            
                then the results contain 7 additional albums (below). We have not been able to determine the 
                reason for this disparity since there is genre information for each of them when we dereference
                their IRIs on the DBpedia site.
            

            
        Clapton_%281973_album%29                dbpprop:genre    Rock       
        [compilation from 1973]
        
        Complete_Clapton                        dbpprop:genre    Blues      
        [compilation from 2007]
        
        Edge_of_Darkness_%28soundtrack%29       dbpprop:genre    Soundtracks 
        [18 minute 1985 soundtrack for British TV series]
        
        Eric_Clapton_at_His_Best                dbpprop:genre    Rock         
        [compilation from 1972]
        
        Lethal_Weapon_3_%28soundtrack%29        dbpprop:genre    Orchestral, Jazz, and Blues   
        [Wikipedia soundtrack entry shares page with the movie; 2 infoboxes]
        
        Live_from_Madison_Square_Garden_%28Eric_Clapton_and_Steve_Winwood_album%29  dbpprop:genre  Blues/Rock            
        [note the slash]
        
        Rush_%28soundtrack%29                   dbpedia-owl:type dbpedia:Soundtrack  
        [Wikipedia soundtrack entry shares page with the movie; but no album infobox]                
            

             
                A better solution for managing the permutations between the
                representations for the genre concept "Rock and Roll" as well as its narrowings would be to
                again use reasoning. The semantically equivalent variant genres could be represented as 
                rdfs:subProperties of one
                another, thereby enabling a single genre representation to refer to many. [12] This would
                require analogous steps to where we created and loaded assertions, defined a graph,
                define a graph group, and in this case define a rule_set in Virtuoso. Then, using the
                proper syntax we could query using that rule_set to include exactly the genres we
                intend to use in our queries. A less elegant approach would be to enumerate them one by one and construct a
                UNION of results. 
            

           
        
      

    
        Limitations and Further Efforts

        We recognize several limitations in our work to date:
            

                	data inconsistencies


                	need for further RDF visualization work


                	need to address more of the original problems


                	constructing queries across datasets


            
  
            Each is discussed in the following subsections.
        

        
            Data Inconsistencies

            While we would wish the source RDF data could be regarded as ground truth, we realize there are
            several problems with our sources.
                

                    	Errors of omission:  Since the original data in Wikipedia is community-entered,
                    it is predictable that certain facts will be missing from the data but are in fact true. Some
                    of thes facts may be obscure while others may be more obvious to a subject matter expert 
                    for the given topic. For example, what if Eric Clapton were to enter his own data about himself?


                

                    	Poor data curation:  In some cases, Wikipedia data may
                    have been present and complete, but there might have been problems in the extraction process from Wikipedia
                    to DBpedia.

                    

                

                    	Erroneous data:  Such problems are due to simple data entry errors, 
                        unintentional errors in stating what the data entry person considers facts,
                    or possibly intentional falsehoods or unsubstantiated facts.


                

                    	Unclear semantics:  The various properties which were of importance to us were
                    generally not defined in the ontology, as discussed in Working Definitions. We struggled to interpret
                    these terms in a consistent manner. It is possible that individuals who care less about the precision of 
                    information may have entered relationships not necessarily using the correct semantics.
                    We believe that the ambiguity of the musician-related properties was the most significant
                    problem with the reliability of the data and therefore the biggest challenge in testing our
                    hypothesis.


                

        

        
            Further RDF Visualization Work

             Since AJAX facilitates updating a web page without reloading the entire page,
                we plan to insert additional links within the SVG graphic to add more
                interactivity, invoking additional queries. Links could also be added during the
                module processing. CSS and XSLT could also be used to enhance the XML
                presentation. 

             The current visualization graph is quite wide and long, making it difficult to
                view in a web browser without additional panning and zooming capabilities. Useful
                visualization of the result set is difficult but we intend to improve the
                visualization to facilitate traversing the dataset using hyperlinks. The
                hyperlinks are there now, but there is currently a problem with the JavaScript
                POST method. 
            

        
        
            Further Attempts to Address the Original Problems

            
                We initially formulated nearly two dozen questions [see problemList]
                that we believed we could use the DBpedia and MusicBrainz
                RDF  datasets to answer. As of this July writing, few of these questions have been answered definitively. 
                If properly bounded, the following are the questions we should be able to address in the future.
            

            
                	Which recording artist has directly played with the most musicians?


                	Which recording artist has the most connections within six degrees?


                	Which musician has been a session man for the most number of artists?


                	Which recording artist was most active during a particular decade?


                	Among all artists of a particular genre, who has played with the most other musicians?


                	Which rock artist's extended graph has the most other artists in 2 degrees? 3 degrees? 4 degrees?


                	Who has appeared on the most albums?


                	Which musician-related properties are reversible (inverse makes sense)?


                	Who created the most songs?


                	Which song has been recorded the most times by any artists? 
                    ("Yesterday" and "White Christmas" are typically cited.)


                 	What is the average age of a musician when he/she first joined a band?


            

            
                Other questions we may potentially be able to address include:
            

            
                	If we weight results by the length of time a band stays together, how does that impact other queries?


                	Does total number of songs or album released correlate with other measures of success?


                	Which solo artist has had the longest career?


                	Which band has been together (in some form) the longest time?


                	For bands with changing membership, can we conclude which configuration lasted the longest?


                	What is the "Eric Clapton number" (a la Kevin Bacon number) for various musicians?


            
  
                 
       
       
           Queries Across Datasets

           
               Since we have established a mechanism to 
               refer to a given artist in both datasets using a single IRI,
               we are prepared to ask queries that span the datasets, including
               queries that would not be possible without both sources. A few such queries are as follows:
           

           
               	Which albums of a given artist occur in one dataset but not the other?
                   Since we are using Virtuoso which does not support the SPARQL 1.1 MINUS construct,
                   we would need to use OpenLink's proprietary approach. [13]


               	Which albums that occur in both datasets have the same title and record producer but different release dates?
                   This might be difficult to determine because of differences in representation of the record producer name.
               


               	For a given artist, return their spouse(s) and children even if they themselves were not
               musical artists. MusicBrainz only has names of children if they themselves are artists (e.g., has
               John Lennon's sons but not Paul McCartney's children).


           
         
             
       
       
           Put the LOD Right on Me

           
               Regrettably, we focused most of our attention on DBpedia, MusicBrainz and Freebase web sites, rather than 
               casting a broader net to the Linking Open Data 
               community effort initiated by the  W3C's (now closed) Semantic Web Education and Outreach (SWEO) Interest Group.
               As we were finalizing this paper, we discovered several key 
               resources that could prove extremely useful in answering some of our original
               questions; we hope to explore resources such as the following over the next year:
           

           
               	
                   Demos including DBpedia and MusicBrainz (and many others)

               

               	
                   DBpedia Extended Datasets 
                       for MusicBrainz and Freebase

               

               	
                   LOD cloud diagram, an imagemap showing datasets published in Linked Data format (maintained by Richard Cyganiak and Anja Jentzsch)

               

               	
                   Comprehensive Knowledge Archive Network (CKAN)
                       web-based software for storage and distribution of data supported by the 
                       Open Knowledge Foundation

               

               	
                   Music Ontology especially 
                       MusicArtist, 
                       musicbrainz_guid and
                       supporting_musician

               

               	
                   Linked Data: Evolving the Web into a Global Data Space,  
                       a new book by Tom Heath and Christian Bizer (2011)

               

           

       
        
      

    
        Advantages and Disadvantages

        Next we offer our subjective opinion about the relative advantages and disadvantages of our approach
            as compared to simply using the DBpedia SPARQL endpoint 
            (which also runs on a Virtuoso server).
        

        
            Advantages of Our Approach

            
                Our Drupal frontend to a dedicated Virtuoso server under our fine-grained control afforded us several advantages
                [14], namely:
                

                    	
                        No execution timeout - Time-intensive queries were allowed to run
                            to completion rather than being subject to an externally specified time limit on a shared server.
                        

                    

                    	
                        Higher limits - SPARQL endpoints shared by multiple users are
                            often constrained to a limited number of results (i.e., 2000 for DBpedia endpoint). We did not
                            need to limit the number of results returned since our number of "users" never exceeded three.
                        

                    

                    	
                        Direct access to raw RDF at command line level - When results
                            were not as expected or did not seem to make sense, the ability to examine the actual RDF files
                            (which had been ingested into our datastore) in our Linux environment was invaluable.
                        

                    

                    	
                        Collaborative SPARQL development for saving queries in Drupal -
                            As the three authors worked remotely, it was quite helpful to enter our SPARQL queries into
                            a Drupal interface, run the queries, save the queries, and optionally enter them into a cascading
                            menu system for each other to try so we could discuss results.
                        

                    

                    	
                        More precise SPARQL timing metrics - Again, since we could
                            control which other processes were running and other variables that would otherwise impact
                            timing metrics, we could more accurately time our queries. For example, we found it took
                            on average 3477.6 msec for a query with one FILTER statement comprised of two 
                            regex expressions joined by "&&" compared to only
                            731 msec for a similar query in which each regex expression was the parameter of
                            a separate FILTER statement. See the first example in the Musical Genres section.
                        

                    

                    	
                        Test harness for repeatedly running the same query - We employed
                            a perl test harness for iterative execution and averaging of results. For example, the previously
                            mentioned FILTER and regex tests were run 1,000 times.
                        

                    

                    	
                        Examination of error messages - We had access to server logging
                            of error messages.
                        

                    
                    
                

        
        
            Disadvantages of Our Approach

            
                    	
                        Static datastore - After we ingested the RDF files, our datastore
                            did not change so it could not take advantage of possible improvements in the DBpedia and Musicbrainz 
                            data throughout the first half of 2011. On the other hand, this was also an advatange since it meant
                            we were not subject to subtle changes that might have impacted previous queries.
                        

                    

                    	
                        Limited knowledge of inner workings - Since we were not members
                            of either the DBpedia or Musicbrainz developer communities, we were not privy to any internal documentation
                            that might have answered some of the questions we raised and helped us to address some of the problems we
                            encountered. In a volunteer developer collaborative environment, it is likely that user-facing 
                            documentation may lag behind actual implementation changes; relevant examples may also be lacking.
                        

                    

                

        
      
    
    
        Recommendations

        
            The problems we encountered suggest several recommendations we would like to share with the DBPedia and MusicBrainz communities:
            

                	
                    Publish example SPARQL queries: Although sample data is readily available
                        on the music sites, we did not find SPARQL queries, just endpoints to explore.
                    

                

                	
                    Provide detailed explanation of IRI conventions and property semantics: We
                        found that it was not always obvious what the significance was for IRI differences, nor what non-alphabetic
                        characters should be used in multi-word IRIs. For example, what is the difference between
                        http://dbpedia.org/ontology and  http://dbpedia.org/property IRIs?
                    

                

                	
                    Include examples of intersecting graphs from other music-oriented sites:
                        In the spirit of Linking Open Data, 
                        it would be helpful if both DBpedia and MusicBrainz created and posted
                        demos (or links to demos) on their sites to illustrate linking of their data sources to other popular music data stores.
                    

                

            

      
    
    
        Conclusions

        
            Although at this time we have fallen far short of our lofty goal of answering two dozen complex questions
            by means of RDF and SPARQL, we believe we have uncovered several significant challenges 
            regarding the consistency of the data sources and the interpretation of the semantics
            underlying various key properties of musical artists. We believe similar problems would be
            encountered with using other large community-entered datasets of relatively low quality.
        

        
            While Wikipedia editors often focus on crafting the most accessible presentation of encyclopedic 
            information for human consumption, there are other factors to consider. Individuals working with data at the
            semantic level could improve the semantic representation by isolating outliers, as in
            the case of multiple representations of the "Rock and Roll music" genre concept.
            Data quality and therefore utility would be greatly enhanced
            by making the necessary modifications to "normalize" or decrease
            spurious diversity that is not based on any actual or intended semantic distinction.
            [15]         
        

        
            In the end, any accurate measure of impact a given musician has on a genre is likely to be the product of a
            weighted measurement of several variables and is therefore largely subjective. The number
            of bands someone played with, the number of songs they wrote, the number of albums they
            produced or the length of time they were active are only part of the equation. An artist
            who wrote a single song that has enjoyed frequent airplay for decades and/or was covered by artists in many
            different genres clearly demonstrates a substantial impact. Other measurements not available in
            the RDF datasets are likely to be even more revealing of an artist's true impact, such as the
            number of concerts they played, the number of people who recognize their name, and their
            success on music charts (i.e., Billboard).
        

        
            By the same token, a strong argument could be made that an individual musician whose
            career lasted only a short time with a limited repertoire but perhaps created or
            influenced a new genre could be regard to have a major impact. Therefore, one
            would have to somehow compare Eric Clapton to early genre pioneers. For example, Robert
            Johnson, a major influence on Clapton, recorded only 29 songs and basically enjoyed only
            a 2-year (1936-37) recording career. Yet Clapton himself has called Johnson "the
            most important blues singer that ever lived".[16]    
            Johnson was ranked fifth in Rolling Stone's list of 100 Greatest Guitarists of All Time.
        

         
            Given our knowledge and supporting resources surrounding Eric Clapton's career, we believe
            that some of what we perceive as errors are indeed just that -- mistakes. Whether those
            mistakes are based on individuals simply being incorrect, or not understanding the
            semantics really does not matter in the final analysis. What this highlights, for us, 
            is a limitation induced
            by the Open World Assumption. 
            When an assertion is not made, we cannot also assume its
            negation. Having assertions stating that Clapton created 30 albums does not mean he did
            not create 45. Likewise, because we know that Clapton did participate in collaboration
            efforts like Powerhouse, The Dirty Mac and Free Creek, we cannot state unequivocally that
            it happened only a
            single time and therefore violates the semantics of the associatedActs predicate.
        

      
    
    
    
        Triple Counts

        
	      Musicbrainz Triples Count 
            
        4301998 albums.rdf
        1824953 albums_tracklists.rdf
        1712434 artists.rdf
         427027 relations_artist_to_artist.rdf
         292955 albums_tags.rdf
         188708 tracks.rdf
         114285 relations_album_to_artist.rdf
        --------------------------------------
        8,862,360 total triples            
        

        
        
	      DBpedia Assertions 
            
         130166251 page_links_en.nt
          43640719 infobox_properties_en.nt
          23917050 wikipedia_links_en.nt
          13795664 mappingbased_properties_en.nt
          12161691 article_categories_en.nt  
           9485630 revisions_en.nt
           9485630 page_ids_en.nt
           7972385 labels_en.nt
           6173940 instance_types_en.nt
           5907507 external_links_en.nt
           4615815 images_en.nt
           4503651 redirects_en.nt
           3261096 short_abstracts_en.nt
           3261096 long_abstracts_en.nt
           2529082 skos_categories_en.nt
           1745873 persondata_en.nt
           1544820 geo_coordinates_en.nt
            928708 disambiguations_en.nt
            910517 article_related_geo_countries_en.nt
            632615 category_labels_en.nt
            414195 homepages_en.nt
            387336 specific_mappingbased_properties_en.nt
             81602 infobox_property_definitions_en.nt
              1555 pnd_en.nt 
        ---------------------------------------------------	  
         287,524,428 total assertions           
        
        
    
    
    
        Drupal 6.18 Modules

        
        Admin role 6.x-1.3
        Administration menu 6.x-1.6
        Advanced help 6.x-1.2
        Backup and Migrate 6.x-2.4
        Colorpicker 6.x-2.1
        Content Construction Kit (CCK) 6.x-2.9
        Date 6.x-2.7
        Devel 6.x-1.23
        Drupal For Firebug 6.x-1.4
        Google Visualization API 6.x-1.3
        Graphviz Filter 6.x-1.6
        Graphviz Styles 6.x-1.0
        jQuery Update 6.x-2.0-alpha1
        Masquerade 6.x-1.5
        Node export 6.x-2.24
        Node import 6.x-1.0
        Pathauto 6.x-1.5
        RDF CCK 6.x-2.x-dev (2011-Feb-25)
        Resource Description Framework (RDF) 6.x-1.0-alpha8
        SPARQL 6.x-1.0-alpha1
        Includes: SPARQL API
        Sphinx (Sphinx search integration) 6.x-1.3
        Tagadelic 6.x-1.2
        Taxonomy import/export via XML 6.x-1.3
        Taxonomy Manager 6.x-2.2
        Taxonomy Menu 6.x-2.9
        Token 6.x-1.15
        Views 6.x-2.12      
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Notes
He believes it was circa 1972 in Buffalo, New York. But his recollection
                    of the Seventies is much like his recollection of the Sixties.

            
View note in Notes section

                    According to billboardAlbums, 
                    Clapton released 41 albums (including reissues) from 1970 to 2005. (He has released three more as of July 2011.) 
                    This includes eleven Top 10 albums
                    and three number 1 albums. Whitburn devised a formula for ranking artists by their chart success,
                    with rankings per decade and overall. According to Whitburn's calculations as of 2006, 
                    Clapton ranked #10 in the 1990's and ranked #12 all-time; he ranks #21 in most charted albums.
                

            
View note in Notes section
IRI is Internationalized Resource Identifier, a generalization of the Uniform Resource Identifier (IRI) 
                            enabling the use of Unicode. In this paper, we refer to IRI rather than URI since SPARQL
                        technically permits IRIs.

                    
View note in Notes section
If we add one more clause to the query asking also for 
                    http://dbpedia.org/resource/Category:English_rock_guitarists, 
                    then Eric Clapton is the only result.

            
View note in Notes section
The full Freebase data set in TSV format is 1.3 GB compressed. The entire
                        Freebase data dump is also available as quadruples in a 3.36 GB download.
                        When uncompressed, the single file freebase-datadump-quadruples.tsv is 27.3
                        GB. 

                
View note in Notes section
Technically this is an object value comprised of a number of strings concatenated into a single field.

                
View note in Notes section
We believe this is indicative of the 
                        open world assumption in formal logic.

                
View note in Notes section
The OpenLink Virtuoso Universal Server supports relational data
                        management, XML and RDF data management, free text content management with
                        full text indexing and web services, and functions as a document web server,
                        linked data server and web application server.

                
View note in Notes section
"Inference is moreso the means or mechanisms by which reasoning
                        occurs. Reasoning is the 'goal' whereas inferencing is the
                        'implementation'". -- From answers.semanticweb.com. 

                
View note in Notes section
owl:sameAs is often used in establishing mappings between two or more ontologies.

                
View note in Notes section
Actually, there is a 19th IRI if the query is not constrained to require the string "roll": 
                    http://dbpedia.org/resource/Rock_music. This link redirects to a page which among other things lists 
                    many subgenres of rock.
                

            
View note in Notes section
However, we chose to use rdfs:subClassOf because it was the most appropriate RDFS property that the 
                        Virtuoso database reasoner supported.

                
View note in Notes section
It is possible that NOT EXISTS in SPARQL 1.0 would be sufficient.

                   
View note in Notes section
We note, however, that the 
                        DBpedia Amazon Machine Instance (AMI) 
                        released earlier in 2011 shares several of the advantages discussed in this section.

                
View note in Notes section
For example, see The Pedantic Web,
                    especially Frequently Observed Problems on the Web of Data.

            
View note in Notes section
Booklet accompanying Johnson's Complete Recordings box set, 
                    Stephen LaVere, Sony Music Entertainment, 1990, Clapton quote on p. 26.

            
View note in Notes section

	[1]He believes it was circa 1972 in Buffalo, New York. But his recollection
                    of the Seventies is much like his recollection of the Sixties.

            

	[2]
                    According to billboardAlbums, 
                    Clapton released 41 albums (including reissues) from 1970 to 2005. (He has released three more as of July 2011.) 
                    This includes eleven Top 10 albums
                    and three number 1 albums. Whitburn devised a formula for ranking artists by their chart success,
                    with rankings per decade and overall. According to Whitburn's calculations as of 2006, 
                    Clapton ranked #10 in the 1990's and ranked #12 all-time; he ranks #21 in most charted albums.
                

            

	[3]IRI is Internationalized Resource Identifier, a generalization of the Uniform Resource Identifier (IRI) 
                            enabling the use of Unicode. In this paper, we refer to IRI rather than URI since SPARQL
                        technically permits IRIs.

                    

	[4]If we add one more clause to the query asking also for 
                    http://dbpedia.org/resource/Category:English_rock_guitarists, 
                    then Eric Clapton is the only result.

            

	[5]The full Freebase data set in TSV format is 1.3 GB compressed. The entire
                        Freebase data dump is also available as quadruples in a 3.36 GB download.
                        When uncompressed, the single file freebase-datadump-quadruples.tsv is 27.3
                        GB. 

                

	[6]Technically this is an object value comprised of a number of strings concatenated into a single field.

                

	[7]We believe this is indicative of the 
                        open world assumption in formal logic.

                

	[8]The OpenLink Virtuoso Universal Server supports relational data
                        management, XML and RDF data management, free text content management with
                        full text indexing and web services, and functions as a document web server,
                        linked data server and web application server.

                

	[9]"Inference is moreso the means or mechanisms by which reasoning
                        occurs. Reasoning is the 'goal' whereas inferencing is the
                        'implementation'". -- From answers.semanticweb.com. 

                

	[10]owl:sameAs is often used in establishing mappings between two or more ontologies.

                

	[11]Actually, there is a 19th IRI if the query is not constrained to require the string "roll": 
                    http://dbpedia.org/resource/Rock_music. This link redirects to a page which among other things lists 
                    many subgenres of rock.
                

            

	[12]However, we chose to use rdfs:subClassOf because it was the most appropriate RDFS property that the 
                        Virtuoso database reasoner supported.

                

	[13]It is possible that NOT EXISTS in SPARQL 1.0 would be sufficient.

                   

	[14]We note, however, that the 
                        DBpedia Amazon Machine Instance (AMI) 
                        released earlier in 2011 shares several of the advantages discussed in this section.

                

	[15]For example, see The Pedantic Web,
                    especially Frequently Observed Problems on the Web of Data.

            

	[16]Booklet accompanying Johnson's Complete Recordings box set, 
                    Stephen LaVere, Sony Music Entertainment, 1990, Clapton quote on p. 26.
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      Abstract

        XDML is a set of rules how XDM values can be built which are more 
        useful entities as compared to ordinary XDM values. The key idea is to insert
        into the XDM values control information which guides the interpretation and
        processing of the data. In particular, it structures the XDM value into
        named parts and associates these parts with metadata. The control
        information is evaluated by an XDML processor, which reports and processes
        the data accordingly. The processing of a part is organized as the execution
        of operations which the control data bind to the part, but whose actual
        invocation depends on API calls of the XDML user. The bindings are 
        represented by request messages which encode the actual input to operations 
        selected from an extensible library of available "XDML operations".
        The operation bindings of a part can be regarded as a specific interface 
        dynamically attached to the data of the part. The net result
        of this approach is to enable the creation of self-describing XDM values: they encode
        the way how they are presented to applications, as well as how they
        should or might be processed. This means that the
        XDM producer - e.g. XQuery programs - can emit "rich" data whose downstream 
        processing is significantly simplified. 
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    Introduction

    
      XDM [W3C-XDM] is the data model of the major XML processing languages – XPath, XQuery 
      and XSLT. The model is marked by a bold simplicity: (a) every value is a sequence of items, 
      (b) an item is either an XML node or an atomic value, (c) there are seven kinds of XML 
      nodes and  (d) a few dozens atomic types. This means that the size and complexity of an 
      XDM value is virtually unlimited, and at the same time that any value can be decomposed 
      into a linear sequence of building blocks, the items. "XDM item" is an abstraction enabling 
      us to regard a single byte and a huge XML document as just two instances of the same building block.
    

    
      One can look at the XDM from three different perspectives. The first one regards XDM as a 
      component of those processing languages, concerning only writers of XPath expressions, 
      XQuery scripts or XSLT stylesheets. We suspect that the majority of software developers 
      and architects would subscribe to this view.
    

    
      The second perspective takes into account that input and output of those languages is 
      also XDM and accepts the XDM as a player in the game of process integration. This 
      perspective pays attention to the issue of translating information back and forth 
      between XDM values and other data models, for example the data models of general 
      purpose programming languages. It should also take an interest in the 
      serialization of XDM values.
    

    
      A third perspective makes a step from looking at the XDM as either a local affair 
      of specialized languages or a challenge for data mapping. This new perspective regards 
      the XDM as the foundation for building a new kind of resource, offering some particular 
      advantages in comparison to other resource types – e.g. XML documents, relational tables 
      or CSV files. At the same time it gives a boost to XQuery, as XQuery 
      is the XDM producer par excellence. Increased importance of XDM means increased importance 
      of XQuery.
    

    
      Ironically, the key step toward a new appreciation of the XDM is awareness of its 
      fundamental limitation: there is no structure – only a flat sequence of items; there 
      is no meta information – only items and nothing else. An XDM value has something in 
      common with a string – no limitation of size and complexity, but unless a creative 
      step is taken there is no general way how to impose and detect a structure (above the level
      of its building blocks, that is). 
      Concerning strings, the creative step was the invention of markup: divide the sequence 
      of atoms (characters) into sections of primary information and those of meta information, 
      the latter also known as markup. One might consider doing something equivalent with XDM 
      values, where the atoms are XDM items, rather than characters. We want to explore the 
      potential of such an approach. Based on prior experimental work, we propose 
      a simple markup language and an infrastructure evaluating it.
      A prototypic reference implementation is a work in 
      progress, and our main intent is to open a discussion.
    

  
  
    Why ask for XDM (if we have XML)?

    
      Let us assume a consumer’s perspective. Scenario: some processing 
      yields a result. This might be an XML document, a sequence of XML documents, 
      or an XDM value. The last alternative is clearly the most general one, as 
      any sequence of XML documents is an XDM value. But do we really need this 
      alternative, if we consider the expressiveness of XML?
    

    
      From a theoretical point of view, the answer is "no": whatever you can encode as an XDM value you 
      can translate 1:1 into an equivalent representation consisting of a single 
      XML document. For example, the following rules would suffice: (a) 
      the XDM items are represented by children of the document element; (b) 
      a dedicated type attribute on these children encodes the item type. 
      Clearly - XDM values cannot express more than a 
      single XML document, if some simple conventions are accepted. 
      We turn to the practical side and consider the 
      usage of the results. 
      Can XDM under certain circumstances provide more convenient access to the 
      units we need, or can it deliver units which are a closer fit to
      what is actually needed?
    

    
       Atomic values
    

    
      A striking difference between XML and XDM is that the latter supports 
      atomic values. This is a concrete advantage: if the desired result 
      is one or several atomic values, then XDM can explicitly deliver 
      them as such, whereas in the case of an XML result they must be 
      extracted. Extraction requires knowledge about the result document
      structure and involves non-trivial instruments like 
      an XPath or DOM API. A further drawback of the XML variant is 
      computational overhead. Conclusion: in cases where the result 
      consists wholly of atomic values, XDM is probably the more 
      suitable format.
    

    
       Collection-like data
    

    
      The second difference between XML documents and XDM values is that documents are 
      logical trees within which everything is 
      related to everything; whereas an XDM 
      value is a collection of independent entities. 
      What if the result is just that, 
      conceptually, a collection? Then the main concern is fast and convenient access 
      to the individual parts, as well as the possibility to process them – e.g. 
      update them – in safe isolation. Typical examples for collection-like results are:
      

        	
          a heterogeneous result, the parts of which are used in different ways

        

        	
          a large result, only selected parts of which are used

        

      

      So the need for differential or selective processing calls for a collection-like 
      result. Arrays and maps come to mind, supporting index or name based access to 
      self-contained units. As we have seen, it is easy to mimic 
      collections with XML documents. This amounts to an "XML-as-a-container" approach. 
      Under many circumstances, this may be a perfect solution. But there are issues 
      that may become important:
      

        	
          the access to parts is XPath-based, rather than name- or index-based

        

        	
          the whole result tree must be constructed in memory (unless streaming processing is used)

        

        	
          local modification of the result means updating a large document

        

      

    
      XPath-based access is inconvenient, compared to name- or index-based access. It may 
      also be less efficient. The need to construct the whole result tree is a real drawback 
      if such a construction is not required for other reasons 
      anyway. This must not be the case. If the result is available in serialized form, 
      then it makes a big difference if the whole result must be turned into an 
      in-memory tree, or if small, independent parts can be located and selectively 
      expanded. And the required parsing may be extremely fast if the parser is 
      able to locate the desired parts without parsing the details of the preceding parts.
    

    
      Is XDM a good alternative? Not or not yet. The lack of structure and metadata turn 
      XDM into an awkward format: it resembles a Java array of type Object[]. 
      And there 
      is not yet a serialization format available, let alone a parser to read such a 
      format. If XDM is to excel as a collection-like format, these problems – no 
      structure, no metadata, no serialization – would have to be solved.
    

    
       Updatable result
    

    
      In pipelined processing, it is a common requirement to receive the result of a 
      preceding step, modify it locally and pass it on to the next step. If the result 
      is a collection of self-contained parts, such local updating is easier in several 
      aspects, compared to the updating of a monolithic document. XDM looks promising 
      for such purposes, but the difficulty of selective access – no structure, no 
      metadata – reduces the attractiveness.
    

    
       Continuous result
    

    
      Some resources grow continuously by appending more data. Log data are the classical 
      example. Such data, as any other data, may be desired to be XML, so as to enable 
      XML processing. But continuous resources must not be an XML document, as it is impossible to 
      append data to a document, they must be inserted, which is much more difficult. 
      In this case, XDM (a lossless serialization provided) is an obvious solution, 
      as you can append items to an XDM value without difficulty.
    

    
       Result as an XDM provider
    

    
      XDM is the input format for XPath, XQuery and XSLT. In pipelined processing, one 
      step might produce a result which provides XDM input for another step – either 
      the value as a whole is used, or one or more subsequences of it. In this scenario, 
      an XDM result is convenient and natural. Dependent on the type of the required 
      input XDM , an XDM result may be a better alternative than an XML result.
    

    
      We draw a conclusion: 
      XML documents should not be the only option for encoding the result of XML 
      processing. No native representation of atomic values, the tight coupling implied 
      by overall tree structure and the inability for plain appending must not be ignored. 
      XDM is an interesting alternative, as it is a superset of XML and 
      addresses those issues. But XDM is, as we said, an awkward format due to lack 
      of structure and metadata. Thus we came to explore the possibility of 
      augmenting XDM: add to it control information 
      which imparts structure and enriches the data with metadata. The goal is to 
      combine XDM’s built-in advantages – support for atomic values, collection-like 
      nature, being appendable and being a natural XDM provider – with structure and 
      metadata enabling convenient and guided access to the contents, as well as 
      simplified processing. 
    

  
  
    XDM structure

  
    Partitioning an XDM value

    
      Consider the situation that an XDM value should convey two code lists, each one 
      represented by a sequence of string items. XDM offers no way to tell where one 
      list ends and the other begins. Similar example: the XDM value is a sequence of 
      XML documents which represent the log data gathered during one hour - how to 
      identify the subsequence corresponding to one day of operation?
      A quick and simple solution is to insert into the XDM 
      value additional items which delimit subsequences. These items can be regarded 
      as control items, to be distinguished from the 
      original data items. The subsequences are parts of the XDM value which have been 
      turned into new units of information. In order to give names to these parts,
      we add a "name" attribute to the respective control item. Example:
    

    
<xm:part xmlns:xm=”http://www.xdml.org/ns” name=”alpha-codes”/>,
a001,
a005,
a012,

<xm:part xmlns:xm=”http://www.xdml.org/ns” name=”beta-codes”/>,
b002,
b003


    
      And if the uniqueness of part names is not guaranteed, an optional "partID"
      attribute may accompany the mandatory "name" attribute.
    

  
  
    Imposing tree structure
  
    
      The shown use of control items defines parts of an XDM value in an intuitive way: 
      the contents of a part is simply all items following the part definition and 
      preceding the next part definition, or all following items, if this was the last
      part definition. But we might also allow "complex parts" - parts containing
      parts, to be distinguished from simple parts which contain only data items. To
      encode this structural model, we choose a simple rule: the contents of a complex part 
      ends before an item explicitly "closing" the part, whereas the contents of a 
      simple part is delimited implicitly: it ends before the next control
      item defining a new part (simple or complex) or closing the surrounding complex 
      part. Note that these parts - simple or complex - are defined in a "streaming" 
      fashion - contents are not children, but a subsequence of items delimited by 
      an item recognized as start point and another item explicitly or implicitly 
      meaning an end point (or the end of the XDM value, as a special case). 
    

    
      In order to keep things simple, we constrain the definition of complex parts: 
      they must not contain data items outside of contained parts. In other words: 
      parts must not be mixed, their content is either a sequence of data items, 
      or a sequence of parts which may be simple or complex. An example using
      complex parts:
    
  
      
        Leaving out namespace declarations
        
          For brevity, all further examples will leave out the namespace declaration  xmlns:xm=”http://www.xdml.org/ns".
        

      
<xm:complexPart name="code-lists"/>,
<xm:part name="alpha-codes"/>,
a001,
a005,
a012,
<xm:part name="beta-codes"/>,
b002,
b003,
<xm:complexPartEnd/>,

<xm:complexPart name="logs"/>,
<xm:part name="log0800" />,
<log>...</log>,
<xm:part name="log0900" />,
<log>...</log>,
<xm:complexPartEnd/> 


  
  
     Concept: Information units

     
       We have seen how the insertion of control items can partition an XDM value 
       into parts. To denote the concept of such parts we introduce the term 
       information unit. An information unit
       is encoded by a sequence of XDM items. According to whether whose items
       represent nested units, two kinds of information units
       are distinguished. A
       simple information unit contains only data 
       items, but not any nested information units. A 
       complex information unit, on the other hand, contains other 
       information units, but no data items outside of nested units.
     

     
       An information unit has the following properties:
       

         	a name


         	a part ID (optional)


         	metadata (optional)


         	value


       

       Name and part ID we constrain to be a QName and NCName, respectively; 
       metadata are introduced in the next section. The value is 
       

         	
           a sequence of data items - in the case of a simple unit

         

         	
           an unordered collection of information units - in the case of a complex unit

         

       

     
       Note that this definition renders the sequence of nested information units irrelevant, as these
       units are associated with names. This corresponds to the modeling practice of XML 
       attributes or JSON members.
     

  
  

  
    XDM metadata

  
    Why and how add metadata?

    
      We saw that control items may structure XDM values 
      into information units, which are groups of items or of other information units. 
      These units are entities 
      which do not exist in XDM values without control items. Often they will
      serve as units of processing, and it is reasonable to
      expect that different units may be subjected to different processing.
      Such considerations suggest the usefulness of metadata.
    

    
      In fact, it is very simple to associate the units with as many metadata 
      as one would like. Every unit is preceded by a control item which amounts to
      a convenient container where to place those metadata, either as attributes 
      or as child elements. Come to think of it, the control item can be regarded 
      as a full-scale XML document which is still hardly constrained in its 
      contents: only the name of the root element and the use of a "name" and a
      "partID" attribute are specified, so far. This document is dedicated to defining
      a unit, and it is ready to be filled with metadata describing the unit.
    

    
      Returning to the example given above, the units containing a single document of 
      log data may be associated with metadata "startTime" and "devices". 
      To accommodate such data, we can use attributes and child elements of the markup 
      item, like so:
    

    
<xm:complexPart name="logs"/>,

<xm:part name="log0800" xmlns:e=”e.com” e:startTime="2010-12-30T08:00:00" xmlns:e="http://example.com">
   <e:devices>…</e:devices>
</xm:part>,
<log>...</log>, 

<xm:part name="log0900" xmlns:e=”e.com” e:startTime="2010-12-30T09:00:00" xmlns:e="http://example.com"> 
   <e:devices>…</e:devices>
</xm:part>,
<log>...</log>,

<xm:complexPartEnd/>


     
    
      A model of metadata

      
        We have arrived at a very simple method how to impose structure on XDM 
        values, and we have found a slot into which one might throw any amount of 
        metadata pertaining to the emerging units. Now 
        we face two alternatives.
        We might stop here and regard the semantics of metadata as the 
        realm of proprietary extensions of our simple, general model, in the 
        same way as XML Schema allows annotation attributes. We might, for example, 
        say that any additional attributes and child elements of control items are 
        meta information, to be evaluated in a proprietary way. 
      

      
        But we can also take a different path and attempt to arrive at a generic 
        model of XDM metadata and its processing by a responsive infrastructure. 
        This approach does not remove the option of proprietary extensions, but factors 
        them out and constrains them in a way which allows a generic "XDM parser" to 
        report them in a structured way.
        The basic principle of such a model is to distinguish metadata meant to
        control a specific processing from other metadata. The latter might be 
        called "descriptive metadata" 
        and is available for variable uses. The former – "control metadata" – has
        a defined impact on a defined processing.
      

      
        Why should one associate data with information which controls their 
        processing? We note an interesting analogy. A key concept of object orientation
        is to associate data sets with behavior. This is similar to what we
        try to do. The behavior of objects is implemented by methods; the
        "behavior" of information units resides in control metadata which define a processing.
        Control metadata is behavior encoded as data, as opposed to methods which 
        are behavior encoded as code. To get a more practical motivation, imagine 
        writing an XQuery program and regretting the limitations of XQuery. For 
        example, one cannot call XSLT to accomplish some finalization, 
        one cannot trigger actions with side effects (like the execution of the SQL 
        just composed), and one cannot create a map object which the calling application 
        would really like to receive. In this situation there is a way out: let the query 
        code rely on a postprocessing of the query result which is 
        defined by the query and 
        executed by infrastructure. Our model of 
        XDM metadata amounts to a framework for this approach.
      

      
        Obviously, control metadata and the responsive infrastructure must be modeled
        as a coherent whole. We assume that control metadata can be further grouped
        into a set of metadata components, and that a general processing model
        yet to be defined determines how actual processing depends on those
        components. But at this point of our 
        argument we want to separate the general idea from our elaboration of it, 
        as we want to protect the value of the idea from the possible weaknesses of our attempts 
        to refine it. For the time being, we remain abstract. We assume a standard
        infrastructure governed by a set of standard metadata components.
      

    
    
    
      XDML - the concept

      
        By now we have collected a set of ideas which can be assembled into 
        a comprehensive concept how XDM is turned into a 
        language designed to encode 
        information content as well as information processing. 
        XDM is turned into a language by defining 
        and constraining the way how control items can be used within an XDM value. 
        To denote this language we use the acronym "XDML" (short for: 
        "XDM markup language"). An XDML value is then an XDM value which uses control 
        items in a way consistent with the rules of the language. 
      

      
        We distinguish between the concept of an 
        XDML language and a concrete specification of the language. While we 
        offer a first proposal for such a specification, we attempt to factor 
        out basic principles. These principles should be simple and 
        intuitive to a degree which a concrete elaboration cannot attain.
        
  
          Informal style
          
            For the sake of readability, we do not embark 
            on any formal definition. Rather, we want to convey the definition in a 
            natural style which concentrates on ideas and intent at the expense of formal 
            exactness and completeness.
          

        
      
        Goals

        
          XDML is a set of rules how XDM values can be designed in order to become more 
          useful entities as compared to ordinary XDM values. The key idea is to insert
          into the XDM values control information which guides the interpretation and
          processing of the data. An XDM value thus augmented is called an XDML value.
          Its usefulness is provided by an XDML processor, which
          is a generic program evaluating the control information.
          XDML addresses the 
          following major goals:
          

            	to structure XDM values into nestable parts


            	to enable name-based access to XDM parts


            	to associate XDM parts with metadata


            	to process XDM parts as guided by their metadata


          

      
      
        Structure model

        
          XDML structures XDM values by grouping 
          the XDM items. The resulting groups are units of usage in a broad sense: conceptual units of 
          information, units of data retrieval and units of data processing. 
          Item groups are called information units. 
          The grouping approach distinguishes:
          

            	
              simple information units – do not contain other units

            

            	
              complex information units – contain other units

            

          

          and introduces the following constraints:
          

            	
              complex units do not contain data 
              items which are not contained by nested units

            

            	
              the information content of a complex unit is regarded as unordered 
              collection of units

            

          

      
      
        Metadata model

        
          Information units can be associated with metadata. XDML uses a simple metadata model which
          

            	
              distinguishes between descriptive data and control data

            

            	
              distributes control data into distinct sets, called metadata components

            

            	
              defines how metadata components control the processing

            

          

      
      
        Processing model

        
          XDML values are submitted to an XDML processor
          which evaluates the control information and is responsible for reporting
          and processing the data
          accordingly. The processor is viewed as the sum of two components:
          

            	an XDML parser


            	XDML engine


          

          An XDML parser delivers the information encoded as 
          XDML value in a structured way. The engine enables other kinds of
          processing. A concrete specification of XDML must define a
          processing model governing the engine and its control by
          metadata and user actions (API calls).
        

      
      
        Encoding principles

        
          XDML defines the syntax and semantics of control information embedded in
          XDM values. We propose four general encoding principles:
          

            	
              control information is encoded by control items, to be 
              distinguished from data items

            

            	
              a control item is an XDM item which is an element information
              item in a particular namespace

            

            	
              each information unit is associated with a control item defining
                the unit in terms of metadata

              

            	
              metadata components are not mixed - each component is encoded 
                by a distinct (possibly empty) set of elements

              

          

        
          A concrete specification of XDML must elaborate these principles into a
          concrete encoding model. This model must define the names and structure
          of control items, and it must define the mapping of control 
          items onto content items ("where does the unit begin and end?").
        

      
  
  
    XDML - concrete proposal

      
        The step from XDML as a concept to a concrete specification requires:
        

          	
            A concrete encoding model

          

          	
            Specification of an XDML parser

          

          	
            Specification of a processing model

            

        

        
          On language binding
          
            The XDML user communicates with the XDML processor via an API. 
            A processor implementation is therefore 
            bound to a programming language, whereas the concept of an XDML processor
            is language neutral. Our ongoing implementation work uses Java, 
            and API code snippets in this paper use Java as well. This representation 
            is chosen for convenience sake and does not mandate Java in 
            preference to other languages.
          

        
            
        Encoding model
      

      
        We adopt the rules applied in our illustrative examples:
        

          	
            Control items contain elements in the XDML namespace: 
              http://www.xdml.org/ns

          

          	
            Simple information units are preceded by an <xm:part> item

          

          	
            Complex information units are delimited by <xm:complexPart> and 
            <xm:complexPartEnd> items

          

          	
            Name and partID of an information unit are given by the 
            "name" and "partID" attribute of an <xm:part> or 
            <xm:complexPart> item

          

          	
            Descriptive metadata are encoded as attributes or child 
            elements of an <xm:part> or 
            <xm:complexPart> item; they 
            must be in a namespace but must not be in the XDML namespace

          

        

        We extend the model of <xm:part> items by three further
        standard attributes. Attribute "private", if containing the value "true",
        indicates that the unit is used to assist in the processing of other units
        and should be ignored by the XDML user. Two other attributes convey type information and
        thus facilitate the translation of XDM values into the data model of the processor
        language:
        

          	"type" - represents the data type of the information unit


          	
            
              "finalType" - represents the data type of the information unit 
              after finalization
            

          

        

        Finalization is a processing which is part of the proposed
        processing model and which may change the data type of the unit (see 
        Execution context "finalize" for
        details). The following example shows two information units containing 
        a sequence of nodes and a string, respectively, as indicated by the type attributes:
      

<xm:part name="logs" type="nodes"/>,
<log>...</log>,
<log>...</log>,
<log>...</log>,

<xm:part name="query_getSummary" type="string" private="true"/>,
xquery version="1.0"
...


            
        XDML parser
      

      
        The parser has to report data in accordance to a data model which in turn
        depends on the processing model. Therefore the parser will be dealt with later,
        after explaining the 
        processing model and in the context of describing the various APIs of the XDML processor. 
      

            
        Processing model
      

      
        The processing model is based on three concepts which the following 
        sections will explain in detail:
        

          	Operation - any processing can be decomposed into distinct operations

        
          	Method - unit of processing composed of one or more operations

        
          	Execution context - it specifies when to invoke a method and what to do with
            the return value

        
        

    
      XDML operations

      
        Data processing provided by the XDML processor is modeled as the execution of discrete operations, 
        collectively called XDML operations. XDML operations thus serve as basic unit of data processing: 
        an operation is either executed as a whole or not at all; and any processing can be decomposed 
        into the execution of one or more operations. An operation is supplied with input information, 
        it may produce output information and it may have side-effects. Output information is the return 
        value of the operation. Input information comprises a data context and a request message. 
      

      
        The data context can be regarded as the main input, 
        comparable to the context item of XQuery, the context node of XSLT or the 
        primary input port of XProc. The data context of an XDML operation is (usually) the value 
        of an information unit (as represented by the implementation language of the XDML 
        processor). Therefore one might say that an XDML operation is applied to an information 
        unit, or that an information unit is processed by an XDML operation. 
      

      
        The request message consists of named parameters, 
        comparable to the external variables of XQuery and the global parameters of XSLT.  
        In the case of XProc, the corresponding input sources would be non-primary input ports, 
        options and parameters. 
      

      
        The return value of an operation may be an 
        instance of any type supported by the implementation language of the XDML 
        processor. Note that this value may or may not have a default mapping to 
        an XDM value. In other words: operations may produce a result which is not 
        related to the XDM model, e.g. an object of a custom class.
      

      
        The XDML provider defines the processing of an information unit by 
        associating it with methods. A method is a processing defined
        as the sequential execution of one or several operations. It is
        therefore encoded as one or more request messages and 
        the choice of a so-called 
        execution context. The context determines when to invoke the method and 
        what to do with the return value. Method definition is described in 
        Method definitions. 
        The current section describes XDML operations in general terms, independently of 
        their use in a particular execution context. Main aspects are the data model 
        of input and output, the encoding of input by request messages, the standard 
        library of XDML operations and the extensibility by user-defined operations.
      

      
        Data model of input and output

        
          An XDML operation consumes input information, which comprises:
          

            	data context

        
            	request message

        
          

        
          The data context of an XDML operation 
          is (usually) the value of an information unit. The present version of XDML 
          constrains XDML operations to process simple information units only. 
          The data context is therefore usually an XDM value, or more precisely: the 
          implementation language’s representation of an XDM value. But there are
          two exceptions to the rules. First, the data context may also be the
          return value of another XDML operation (preceding it within a method, see
          Methods). Second, the value of a simple information
          unit may be an instance of a data type without default mapping to XDM 
          (resulting
          from unit translation, see Execution context "translate").
        

        
          The request message is modeled as follows:
          

            	
              
                the message comprises two parameter sets: statically known 
                parameters and dynamic parameters
              

            
        
            	each set contains zero or more named parameters

        
            	a parameter name is a QName

        
            	
              
                a parameter value has one of these types: string, node, or a 
                sequence of nodes
              

            

          

          The model is easily recognized when looking at the API representation of a request 
          message:
          

interface OperationRequest {
   QName   operationName();
   String  resultType();

   String  getStringParam(QName name);
   Node    getNodeParam(QName name);
   Node[]  getNodesParam(QName name);

   String  getDynamicStringParam(QName name);
   Node    getDynamicNodeParam(QName name);
   Node[]  getDynamicNodesParam(QName name);

   QName[] getParamNames();
   QName[] getDynamicParamNames();
}


          Note that this model follows the approach taken by the XProc 
          language rather closely: the set of statically known parameters 
          corresponds to the non-primary input ports and options of XProc 
          steps, while the set of dynamic parameters corresponds to XProc’s 
          parameter port. Dynamic parameters are required, for example, to 
          enable operations which execute arbitrary stylesheets: 
          the names of stylesheet parameters cannot be anticipated and may 
          collide with the names of statically known parameters.
        

        
          Output information is the return value
          of the operation. An operation may or may not produce a return value. 
          The return value can be an instance of any data type supported 
          by the implementation language: it is not constrained to have a default 
          mapping to an XDM value. It may, for example, be an object of a custom class.
        

      
      
        Request messages

        
          The XDML provider encodes the input information of an operation by an
          element information item representing a request message. This message 
          is implicitly accompanied by a data context, which is either the value 
          of the surrounding information unit or the return value of a
          preceding operation.
        

        
          The request message has the following parts:
          

            	
              the root element representing the message as a whole

            
        
            	
              attributes encoding statically known parameters of type “string”

            
        
            	
              
                child elements encoding statically known parameters of type “node” 
                or “node sequence”
              

            
        
            	
              
                an optional child element <xm:params> 
                representing the dynamic parameters
              

            
        
            	
              
                the attributes of <xm:params> encoding dynamic 
                parameters of type “string”
              

            
        
            	
              
                child elements of <xm:params> encoding dynamic parameters 
                of type “node” or “node sequence”
              

            
        
          

          The name of the root element equals the operation name, and the names of 
          attributes and elements representing parameters correspond to the parameter 
          names. Consider this example:
          

<submitToXSLT serialize=”true”>
   <stylesheet>
      <xsl:transform …>…</xsl:transform>
   </stylesheet>
   <xm:params verbosity=”1”>
      <weatherData><weather>…</weather></weatherData>
   </xm:params>
</submitToXSLT>


          The operation "submitToXSLT" is invoked with two statically 
          known parameters (“serialize” and “stylesheet”) and two dynamic 
          parameters (“verbosity” and “weatherData”). In both 
          parameter groups there is a string parameter as well as a node parameter. 
          The operation executes the stylesheet supplied as parameter “stylesheet” 
          and passes to it two stylesheet parameters, one with name “verbosity” and 
          type xs:string, the other with name “weatherData”  and 
          type node(). The 
          operation also passes to the stylesheet the value of the 
          surrounding information unit as context node.
        

      
      
        Special parameter values

        
          A request message may reference
          

            	values supplied by the XDML user


            	values provided by other information units


          

        
          Parameter values supplied by the XDML user

          
            A request message may reference values supplied by the XDML user. Values 
            can be supplied as the execution of XDML operations is always triggered 
            by an API call of the XDML user (see 
            XDML user perspective). A reference to a 
            supplied value is encoded by the expression
          

          
            $arg{argName}
          

          
            which is resolved to the value of an invocation argument with name 
            “argName”. For example, the following request message binds two 
            dynamic parameters, “verbosity” and “weatherData” to values supplied 
            by the XDML user:
            

<submitToXSLT serialize=”true”>
   <stylesheet>
      <xsl:transform …>…</xsl:transform>
   </stylesheet>
   <xm:params verbosity=”$arg{v}”>
      <weatherData>$arg{weatherData}</weatherData>
   </xm:params>
</submitToXSLT>


            Note that the parameter name used by the request message and the 
            argument name expected from the XDML user need not be the same: 
            in the example, the request parameter “verbosity” is bound to 
            invocation argument “v”. The XDML provider’s choice of referenced 
            argument names (in the example – “v” and “weatherData”) defines 
            the “signature” of the operation from the XDML user’s perspective.
          

        
        
          Parameter values provided by other information units

          
            A request parameter may reference the value of another information 
            unit. Such references are encoded by the expression
          

          
            $part{partId}
          

          
            which is resolved to the value of the information unit with part ID
            “partId”. In the following example, parameter “stylesheet” is set 
            to the value of an information unit with the part ID “toHTML”:
            

<submitToXSLT serialize=”true”>
   <stylesheet>$part{toHTML}</stylesheet>
   …
</submitToXSLT>


        
      
      
        Library of standard operations

        
          The XDML processor offers a library of available XDML operations. 
          The library comprises 
          

            	standard operations which are built-in


            	proprietary operations which have been registered at runtime


          

          See Extensibility for details about the registration facility. Some examples of 
          standard operations are:
        

        
            Table 1
                Some standard XDML operations.
              


              
                	Operation name
                	Description
              

            
            
              
                	createMapFromStrings
                	
                  Creates a map object, using as input a sequence of strings read from the data context.
                
              

              
                	createPropertiesFromStrings
                	
                  Creates a Properties object, using as input a sequence of strings read from the data context.
                
              

              
                	execAsSQL
                	
                  Regards the data context as a sequence of SQL expressions and executes them.
                
              

              
                	execAsPerl
                	
                  Regards the data context as a Perl script and executes it.
                
              

              
                	execAsXQuery
                	
                  Regards the data context as an XQuery program and executes it.
                
              

              
                	execAsXSLT
                	
                  Regards the data context as an XSLT stylesheet and executes it.
                
              

              
                	execAsXProc
                	
                  Regards the data context as an XProc pipeline and executes it.
                
              

              
                	readDocument
                	Reads a document into a node object, reading the document URI from the data context.
              

              
                	readTextFile
                	Reads a text file into a string, reading the file URI from the data context.
              

              
                	sendFTP
                	Sends the data context per ftp.
              

              
                	sendSOAP
                	Regards the data context as the payload of a SOAP request, sends it
                  and returns the payload of the response.
              

              
                	submitToXQuery
                	
                  Executes an XQuery program and passes the data context to it
                  as context item.
                
              

              
                	submitToXSLT
                	
                  Executes an XSLT stylesheet and passes the data context to it
                  as context node.
                
              

              
                	submitToXProc
                	
                  Executes an XProc  pipeline and passes the data context to it
                  as primary input.
                
              

              
                	validate
                	Validates the data context with an XML Schema.
              

              
                	writeDocument
                	Stores the data context as an XML document.
              

              
                	writeTextFile
                	Stores the data context as a text file.
              

            
          


     
      
      
        Extensibility

        
          The XMDL processor offers a generic mechanism for extending the library 
          of XDML operations at runtime. This is achieved by an interface for 
          registering proprietary operations:
          

interface XDMLRegistry {
   void registerXDMLOperations(XDMLOperations impls);
}


          On registration, an implementation must be supplied as an implementation 
          of the interface XDMLOperations. It represents the 
          invocation of an operation as a method with a generic signature: 
          

interface XDMLOperations {
   QName[] getOperationNames();
   void    execute(OperationRequest requestMsg,
                   DataUnit         dataContext,
                   DataUnit         returnValue) 
                      throws XDMLException;
}


          Implementing proprietary operations is a straightforward task:
          interfaces OperationRequest and DataUnit
          provide access to
          operation name, request parameters and data context, respectively.
          The return value is inserted into an instance of interface DataUnit 
          which is either supplied from without or instantiated within the
          implementation.
        

      
    
    
      Methods

      
        In most cases, a desired processing can be provided by a single operation, in
        other words: the unit of intended processing matches the basic unit of
        implemented functionality. Sometimes, however, a processing may
        require two or more operations to be executed. As a generalization, our 
        processing model defines the unit of intended processing as a sequence 
        of one or more operations. This unit we call a method. 
        Assuming sequential execution of the operations,
        one may wish for flexibility concerning the data context: shall the second
        operation use, like the first one, the value of the information unit, or
        shall it use the return value of the preceding operation? This flexibility
        is easy to implement, and it is easy to encode:
        

          	
            
              represent the method by a sequence of request messages
            

          

          	
            
              add to request messages an optional attribute indicating any non-default use of the data context
            

          

        

        We introduce an attribute "dataContext" which may be attached to a request message in order
        to encode where the actual data context is found. Rules:
        

          	
            
              attribute missing => first operation uses the value of the information unit, 
              later operations use the return value of the preceding operation
            

          

          	
            
              attribute value is "." => use the value of the information unit
            

          

          	
            
              attribute value is an NCName => use the return value of the preceding operation with that operation ID (attribute "opID")
            

          

        

        Note that the value of the information unit is always the data context for the method "as a whole" (for
        its first operation), but not necessarily for each of its operations. Every method is therefore
        bound to a particular information unit, as in object oriented programs every instance method
        is bound to a particular object.
      

      
        The return value of a method is the return value of its last (or only) operation,
        unless another operation has been marked with a special 
        attribute ("methodReturnValue") to yield the return value.
      

    
    
      Execution context

      
        When defining a method, the control data provide 
        

          	one or more request messages

        
          	the execution context

        
        

        The execution context specifies (a) when to execute the method and 
        (b) what to do with the return value (if any). Note the necessity of 
        specifying such an execution context, as the method will be invoked 
        after the XDML value is delivered to the XDML user.
      

      
        We distinguish four types of execution context, which, taken together, 
        define the processing model of XDML. Future versions of XDML may add 
        further execution contexts. Each context may be viewed as the intent 
        with which the XDML provider defines the method. He may want to 
        

          	finalize the value of the information unit

        
          	execute actions

        
          	enable evaluations

        
          	define non-standard representations

        
        

      
        Execution context "finalize"

        
          Sometimes the XDML provider may want to supply intermediary data and 
          leave the finalization to postprocessing. There are three main reasons 
          for this pattern: (a) the finalization requires some processing resource 
          not available to the XDML provider, but available to an XDML operation; 
          (b) the finalization is deferred as it may turn out to be unnecessary; 
          (c) the finalization requires parameter values to be supplied by the 
          XDML user at invocation time.
        

        
          For example, the data which an information unit should ultimately 
          supply may be obtained by submitting intermediary data to an XSLT 
          stylesheet. However, if the XDML provider is an XQuery program, it 
          cannot execute the XSLT processing. In this case, the XDML provider 
          may provide the intermediate data and bind the information unit to 
          the stylesheet execution. The execution context “finalize” ensures 
          that the finalization takes place as soon as the XDML user confirms 
          that finalizations are to be executed. The confirmation may be global 
          or restricted to a particular information unit. The code
          

XDMLProcessor xp = XDMLProcessorFactory.newXDMLProcessor();
XQSequence xdm = ...;
XDML xdml = xp.newXDML(xdm);
xdml.finalize();


          loads an XDML value and triggers any finalizations, whereas
          

…
xdml.finalize(“conferenceProgram”);


          triggers the finalization of information unit "conferenceProgram" 
          only. In general, finalization is achieved by executing a method
          (one or more operations) defined for that purpose and replacing the value 
          of the unit by the return value of the method.
        

        
          To give a second example, the intermediary submitted to finalization 
          may be the payload of a SOAP request. The finalization may then be 
          achieved by operation “sendSOAP”, which wraps the unit data in a 
          SOAP envelope, sends the request, receives the response and returns 
          its payload. Using this operation in the execution context “finalize” 
          will ensure that the information unit supplies the response payload,
          rather than the request payload.
        

      
      
        Execution context "execute"

        
          To create data may be less than what the XDML provider wants to do: 
          his intent may be to execute actions related to the data. In some 
          cases, the data are only a means to an end which is such an action: 
          the data may represent, for example, a sequence of SQL statements, and the 
          action consist of their execution. In other cases, the data may be valuable as 
          such, but additional action is mandatory – for example, storage in 
          a file or in a database. In both situations, overall processing may 
          be simplified if the XDML provider may define the actions to be 
          executed, specifying all details, rather than rely on the XDML user 
          to know which actions to trigger and which details to specify.
        

        
          The execution context “execute” takes care of this scenario. The 
          XDML user does not have to know which operations are executed. 
          He has to confirm, however, that any defined actions shall indeed 
          be executed. His responsibility is restricted to giving or refusing 
          “green light” to the actions defined by the XDML provider. The 
          confirmation may be global:
          

…
xdml.execute();


          or restricted to a particular information unit:
          

…
xdml.execute(“cleanupScript”);


          The XDML user does not receive a return value. Therefore, the 
          operations commanded by the XDM provider are always actions, 
          rather than evaluations: operations motivated by their side 
          effects, not by the production of a result value.
        

      
      
        Execution context "enable"

        
          A different intent of the XDML provider might be to make 
          certain evaluations or actions available, but leave it to the XDML 
          user if the processing is actually performed. An example 
          might be an evaluation which extracts some values from an
          XML document, which might or might not be desired. The 
          execution context “enable” supports such intent: the evaluation 
          is only executed if the XDML user demands it explicitly, 
          identifying it by a name which the XDML provider has assigned 
          to it. In this example code:
          

String[] locations = (String[]) xdml.invoke(“waterReport”, “getLocations”);


          the XDML user invokes an evaluation which is labeled "getLocations" 
          and bound to information unit "waterReport". 
          The name identifies a method (one or more operations) defined
          for this unit and associated with the execution context "enable". 
          The method has 
          a signature, as implied by the use of $arg{argName} 
          references in the operation requests. The following
          method definitions create two XDML methods, one without parameters
          and the other with a string parameter "location". The methods
          are implemented by one and two operations, respectively:
          

<xm:part name="waterReport" type="node">
   <xm:interface>
      <xm:method name="getLocations" returnType="strings">
         <submitToXQuery>
            <query>distinct-values(//location/@name)</query>
         </submitToXQuery>
      </xm:method>
      <xm:method name="getResultTable" returnType="map_string_to_string">
         <submitToXQuery>
            <query>
               declare variable $location external; 
               //location[@name eq $location]//substance/(@name, @quantity)
            </query>
            <xm:params location="$arg{location}"/>
         </submitToXQuery>         
         <createMapFromStrings/>
      </xm:method>
    </xm:interface>
</xm:part>


         These method definitions impart to the information unit
         an interface of possible method invocations, which might be represented 
         in pseudo-code like so:
          

   informationUnitInterface {
      String[] getLocations();
      Map<String,String> getResultTable(String location)
   }


      
      
        Execution context "translate"

        
          The XDML provider might desire the XDML parser to deliver data 
          which are not a standard representation of XDM data. For example, 
          he might intend to deliver a map object, whereas the information 
          unit contains an XML fragment encoding the map entries. To achieve 
          this, the metadata specify the transformation of the unit data 
          into the desired representation. Conceptually, this may be viewed 
          as executing a method which produces the non-standard 
          representation and replaces the value of the unit with this 
          representation – which is essentially the same processing as provided 
          by a method in context “finalize”. We prefer, however, to 
          distinguish finalization in the sense described above from the 
          translation of the unit data into a specific data type. Such
          translation we regard as processing associated with an
          execution context "translate". Contrary 
          to the handling of finalization, the XDML user does not confirm 
          translation - translation is built into the XDML parser which 
          always delivers values in accordance to a defined translation. For example, this code:
          

Map<String,String> map = xdml.getPart("foo").getMapString2String()


          retrieves the unit data as a map, rather than as an XML element 
          which is the XDM source format consumed by the XDML processor. 
          The XDML user can only retrieve the unit data as a map.
        

      
    
    
      Method definitions

      
        The processing of an information unit is organized as the execution of
        methods. A method consists of one or several operations. The definition of a method
        consists of the request message(s) launching its operation(s). 
        The definitions are associated with an execution context, where
        execution contexts and method definitions are related as follows:
      

      
          Table 2
              Execution contexts and method definitions.
            


            
              	Execution context
              	Content
            

          
          
            
              	finalize
              	
                a single anonymous method (or empty)
              
            

            
              	execute
              	
                a single anonymous method (or empty)
              
            

            
              	enable
              	
                a set of named methods (possibly empty)
              
            

            
              	translate
              	
                a single operation per target language (possibly none)
              
            

          
        


  
      
        The encoding of method definitions reflects these relationships:
      

      
          Table 3
              Execution contexts and their encoding.
            


            
              	Execution context
              	Encoding
            

          
          
            
              	finalize
              	
                optional <xm:finalize> element, child elements are request messages
              
            

            
              	execute
              	
                optional <xm:execute> element, child elements are request messages
              
            

            
              	enable
              	
                optional <xm:interface> element, child elements are <xm:method>
                elements representing named methods, whose child elements are request messages
              
            

            
              	translate
              	
                zero or more <xm:translate> elements, each one representing a target language
                and encoding the data type and translation parameters as attributes
              
            

          
        



        The following listing presents a schematic example:
        

<xm:part name="foo" type="bar">
   <xm:finalize>
      <op1>...</op1>
      <op2>...</op2>
   </xm:finalize>
   <xm:execute>
      <op3>...</op3>
      <op4>...</op4>
   </xm:execute>
   <xm:interface>
      <xm:method name="m1" returnType="t1">
         <op5>...</op5>
         <op6>...</op6>
      </xm:method>
      <xm:method name="m2" returnType="t2">
         <op7>...</op7>
         <op8>...</op8>
      </xm:method>
   </xm:interface>
   <xm:translate target="java" type="t3" att1="..." att2="..."/>
</xm:part>


      
        And here comes a realistic example using three execution contexts, “finalize”, "execute" and "enable".
        It shows an information unit which is finalized into a Perl script to be executed in context "execute"
        and besides offering a little interface of methods to be invoked explicitly ("writeLog", "save"):
        

<xm:part name="cleanupScript" type="node" finalType="string">
   <xm:finalize>
      <execAsXSLT serialize="true"/>
   </xm:finalize>
   <xm:execute>
      <execAsPerl>
         <xm:params options="-m cleanup"/>        
      </execAsPerl>
   </xm:execute>
   <xm:interface>
      <xm:method name="writeLog">
         <execAsPerl>
            <xm:params options="-m writeLog -f $arg{fileName}"/>
         </execAsPerl>
      </xm:method>
      <xm:method name="save">
         <execAsPerl>
            <xm:params options="-m save"/>
         </execAsPerl>
      </xm:method>
   </xm:interface>
</xm:part>


    
    
      XDML user perspective

      
        An XDML value is a set of information units which may be 
        retrieved and – depending on the method definitions – processed 
        in a simplified way. An XDML value is represented by an object 
        whose interfaces provide for retrieval 
        (interface XMDLParser) and processing 
        (XDMLProcessing).
        The following sections give a brief overview of these and further
        interfaces which taken together amount to the user perspective 
        of XDML.
      

      
        Obtaining and extending the XDML processor

        
          The instantiation of XDML values requires an instance
          of the XDML processor. 
          The processor object represents the engine responsible for
          executing XDML operations. It implements interface
          XDMLRegistry which enables the XDML user
          to register proprietary operations:
          

XDMLProcessor xp = XDMLProcessorFactory.newXDMLProcessor();
xp.registerXDMLOperations(new WaterOperations());
xp.registerXDMLOperations(new WeatherOperations());


          Now we are ready to begin working with XDML values.
        

      
      
        Obtaining an XDML value

        
          An XDML value is represented by an instance of class
          XDML. The XDML processor offers a
          generic method for instantiating XDML values:
          

void newXDML(Object dataSource) throws XDMLException;


          Note that the signature does not constrain the data type of the data source.
          Which type(s) are supported depends on the actual implementation of the 
          processor. Our prototypic implementation expects an
          XQSequence object, which is the XQJ representation
          [JSR-XQJ] of an XDM value. Typical code snippet:
          

XQSequence xdm = …;            // procure XDM value
XDML xdml = xp.newXDML(xdm);   // create XDML value


      
      
        Parsing an XDML value

        
          Class XDML implements a parser API which 
          supports iteration over the units as well as 
          random access:
          

interface XDMLParser {
   InformationUnit next();
   boolean hasNext();
   void rewind();

   InformationUnit getPart(QName partName);
   InformationUnit getPart(QName[] partNames);  // access nested part
   InformationUnit getPartByID(String partID);

   …   
}


          If the information unit is complex, it is represented by an
          XDML object delivered by the InformationUnit
          object:
          

class InformationUnit implements DataUnit, MetadataUnit {
   XDML getComplexValue();
   boolean isValueComplex();
   ...

           
          Class InformationUnit implements two interfaces for accessing
          the data value (interface DataUnit) and metadata
          (MetadataUnit) of a simple unit. 
          The data value is always retrieved 
          as a single object (which may 
          be an array object) – never by iterating over the items of the 
          value. There are many possible types and for each 
          one there is a specific retrieval method. The range of data types 
          includes several types which have no default mapping to an XDM
          value, as the interface must also handle values which result
          from a value translation (via <xm:translate> metadata)
          or which are the return value of an XDML operation -
          e.g. several map types:
          

interface DataUnit {
   // *** read value
   Node         getNode();
   Node[]       getNodes();
   int          getInteger();
   int[]        getIntegers();
   String       getString();
   String[]     getStrings();
   Duration     getDuration();
   Duration[]   getDurations();   
   …
   Object       getObject();    // allows for a DataUnit to contain ANY type

   // *** write value
   void         setNode(Node value);
   void         setNodes(Node[] value);
   ...
   void         setObject(Object value, String typeName);
}


          The retrieval of metadata is different 
          dependent on the metadata component. Descriptive metadata and translation 
          metadata are delivered as a metadata set:
          

interface MetadataUnit {
   MetadataSet getDescriptiveMetadata(String topic);
   MetadataSet getTranslationMetadata(String targetLanguage);
   String[] getDescriptiveTopics();
   String[] getTranslationTargetLanguages();
   ...
}


          A metadata set is a set of named properties; similar to the 
          parameters of request messages, property names are QNames 
          and values are either a string, or a node, or a sequence of nodes:
          

interface MetadataSet {
   QName[] getPropertyNames();
   String  getStringProperty(QName name);
   Node    getNodeProperty(QName name);
   Node[]  getNodesProperty(QName name);
   …
}


          Other metadata – that is, metadata components corresponding to 
          execution contexts (other than “translate”) – are delivered as 
          methods or a map of named methods:
          

interface MetadataUnit {
   …
   Method getFinalizationMethod();
   Method getExecutionMethod();
   Map<QName, Method> getInterfaceMethods();
}


          A Method is a sequence of operation requests:
          

interface Method {
   int              getOperationCount();
   OperationRequest getOperationRequest(int index);
   Integer          getDataContext(int index);
      // data context is the return value of a preceding operation (>0), or the unit value (0), or null
}



          See Data model of input and output for details 
          about interface OperationRequest.
        

      
      
        Processing an XDML value

        
          Any processing happens in response to an API call of the XDML user (finalize, execute,
          invoke). Here comes the processing interface implemented by class XDML:
          

interface XDMLProcessing {
   void finalize();
   void finalize(Arguments args);
   void finalize(QName part);
   void finalize(QName part, Arguments args);

   void execute();
   void execute(Arguments args);
   void execute(QName part);
   void execute(QName part, Arguments args);

   Object invoke(QName part, QName methodName);
   Object invoke(QName part, QName methodName, Arguments args);

   boolean isFinalized();
   boolean isFinalized(QName part);
   boolean isExecuted();
   boolean isExecuted(QName part);
}


          If arguments are passed to the processing, they will be used in the respective request messages
          for resolving argument references of the syntax $arg(argName) (see
          Parameter values supplied by the XDML user). Setting arguments is straightforward:
          

Document weatherData = ...;
String location = "NY";

Arguments args = xdml.newArguments();
args.set(new QName("location"), location);
args.set(new QName("weatherData"), weatherData); 


      
      
        Example

        
          An example handles the following scenario. Two datasets – one representing 
          hydrological measurements, the other meteorological data – are the input 
          for an evaluation yielding an XML report. Some value extraction, as
          well as HTML and CVS representations of 
          the report should be available on demand. Before creating the report, the 
          input datasets must be procured: weather data are obtained from a SOAP 
          service, water data are downloaded from a relational database. The 
          following code snippet demonstrates XDML user code:
        

// *** obtain XDML value
XDMLProcessor xp = XDMLProcessorFactory.newXDMLProcessor();
XQSequence xdm = …;   // procure source data (e.g. exec XQuery) 
XDML xdml = xp.newXDML(xdm);

// *** use XDML value
xdml.finalize();
Map<String,String> results = (Map<String,String>) xdml.invoke("report", "getResultTable");
String html = (String) xdml.invoke("report", "getHTML");
String[] cvs = (String[])  xdml.invoke("report", "getCVS");


          Although the processing requires the use of various technologies 
          (XQuery, XSLT, SOAP, SQL), the client code is very simple and 
          unawares of the complexity involved:
          

            	
              
                Calling finalize accomplishes ...
                

                  	retrieval of a dataset via SOAP


                  	retrieval of a dataset via SQL


                  	execution of an XQuery script producing the XML report


                

            
        
            	
              
                Calling invoke(..., "getResultTable") creates a value extraction
              

            

            	
              
                Calling invoke(..., "getHtml") creates an HTML representation
              

            

            	
              
                Calling invoke(..., "getCVS") creates a CVS representation
              

            
            
          

          The following table summarizes the structure of the XDML value enabling 
          this simplicity:
          

            Table 4
                Example: information units providing simplified processing.
              


              
                	Unit name
                	Semantics
                	(Initial) unit value
                	Context : used operations
              

            
            
              
                	toHTML
                	tool for transforming the report to HTML
                	an XSLT stylesheet
                	-
              

              
                	toCVS
                	tool for transforming the report to CVS
                	an XQuery program
                	-
              

              
                	weatherData
                	weather data
                	payload of a SOAP request
                	finalize:sendSOAP
              

              
                	waterData
                	water data
                	text of a SQL SELECT statement
                	finalize:execAsSQL
              

              
                	report
                	
                  an XML report with an interface
                
                	an XQuery program
                	
                  finalize:execAsXQuery

                  invoke:createMapFromStrings

                  invoke:submitToXQuery

                  invoke:submitToXSLT

                
              

            
          



        
          An abbreviated representation of the XDM value follows:
        

<xm:part name="toHTML" partID="toHTML" type="node" private="true"/>,
<xsl:transform…>…</xsl:transform>
,

<xm:part name="toCVS" partID="toCVS" type="string" private="true">,
xquery 1.0 …
…
,

<xm:part name="weatherData" partID="we" type="node" finalType="node">
   <xm:finalize>
      <sendSOAP href="…" />
   </xm:finalize>
</xm:part>,
<getWeatherData>…</getWeatherData>
,

<xm:part name="waterData" partID="wa" type="string" finalType="node">
   <xm:finalize>
      <execAsSQL driver="…" host="…" db="…" user="…" password="…" format="xml"/>
   </xm:finalize>
</xm:part>,
SELECT …
,

<xm:part name="report" type="string" finalType="node">
   <xm:finalize requiredParts="we wa">
      <execAsXQuery resultType="node">
         <xm:params>
            <weatherData>$part{we}</weatherData>
            <waterData>$part{wa}</waterData>
         </xm:params>
      </execAsXQuery>
   </xm:finalize>

   <xm:interface>
      <xm:method name="getResultTable" returnType="map_string_to_string">
         <submitToXQuery resultType="strings">
            <query>...</query>
         </submitToXQuery>
         <createMapFromStrings/>
      </xm:method>
      <xm:method name="toHTML" returnType="string">
         <submitToXSLT serialize="true">
            <stylesheet>$part{toHTML}</stylesheet>
         </submitToXSLT>
      </xm:method>
      <xm:method name="toCVS" returnType="strings">
         <submitToXQuery resultType="strings">
            <query>$part{toCVS}</query>
         </submitToXQuery>
      </xm:method>
   </xm:interface>
</xm:part>,
xquery 1.0
declare variable $weatherData as node() external;
declare variable $waterData as node() external;
<waterReport>{
   …
}</waterReport>


      
    
    
      Generalization: XDML as an information model

      
        The concept of XDML can be generalized by distinguishing the 
        encoding of XDML values from their information model.
      

      
        Encoding XDML with map items

        
          This paper describes a technique how to create XDML values by 
          augmenting an XDM value with control items. The use of control 
          items amounts to encoding an information model which is based 
          on the concept of information units. It is important to note 
          that the XDML API does not reflect this encoding. Therefore 
          XDML user code does not depend on how the XDML value is encoded. 
          It is possible that a future version of XDML supports additional 
          encodings which do not rely on control items. 
        

        
          In this context, recent work of W3C working groups on the XDM model 
          promises an interesting alternative. The current working draft of the 
          XDM specification version 3.0 [W3C-XDM-3.0] 
          introduces as new item type a “map item” 
          which uses atomic values as keys and sequences of XDM items as values. 
          It is easy to encode XDML values as defined in this paper using map 
          items instead of inserting control items between data items. 
          The change amounts to shifting control items and data items
          from their linear arrangement into a couple of map items,
          one receiving the control items and the other receiving the data items.
          This is shown in two steps. First assume 
          an XDML value which does not contain any metadata – which only structures 
          the overall XDM value into named units. The information content can be 
          represented by an XDM value obeying the following rules:
          

            	
              
                the value consists of a single map item which uses QNames as keys
              

            

            	
              
                the map values are XDM values which either do not contain map items 
                or consist of a single map item
              

            
            
            	
              
                any nested maps are constrained in the same way as the top-level map: 
                keys are QNames, values are XDM values which either do not contain 
                map items or consist of a single map item
              

            
            
          

          In order to reestablish our full XDML model which associates information 
          units with metadata, the above rules are modified by replacing each map item 
          with a sequence of two map items, the first one representing the
          data of the information units, the second one representing the
          associated metadata and the map keys encoding the names of the units.
          The metadata of a unit can again be represented by a single 
          <xm:part> or <xm:complexPart>
          element item. The net result is a lossless encoding of 
          the XDML information model using map items rather than inserting control items
          between data items.
        

        
          The relationship between the XDML data model and the new map items can 
          be further elucidated by regarding XDML values as 
          dual maps: the keys are 
          associated with two entities, one representing the data, the other representing 
          associated metadata.
        

      
      
        Encoding XDM as XML

        
          The XDML data model is based on the XDM model: the XDML value as a 
          whole is an XDM value, and the value of any (simple) information unit 
          is a sequence of XDM items, in other words – an XDM value. This 
          dependence on XDM does not preclude the option to encode the underlying 
          XDM value as a single XML document. This possibility is important, as 
          XSLT and XProc do not export XDM values, but export XML documents. A 
          generic XML encoding of XDM values can be easily defined. It might, for 
          example, represent each XDM item by a child node of a root element 
          representing the XDM value as a whole. The following listing provides an 
          illustrative example:
          

<x:xdm xmlns:x="http://www.xdml.org/ns/xdm">
   <x:item type="document">
      <foo/>
   </x:item>
   <x:item type="element">
      <bar/>
   </x:item>
   <x:item type="attribute" name="a" value="v"/>
   <x:item type="processing-instruction" value="foo a=x b=y"/>
   <x:item type="xs:string">hello</x:item>
   <x:item type="xs:integer">123</x:item>
</x:xdm>


          Therefore, the factory method constructing an 
          XDML value might easily be extended 
          to load the XDML value from an XML document conforming to
	  an agreed upon “XDM schema”. 
        

      
    
  
  
    Discussion

    
        The languages XQuery and XSLT enable a very efficient and elegant processing 
        of XML resources. Their integration into programs written in general purpose
        languages - like Java - is therefore highly desirable. The potential
        contribution is 
        however limited by three major issues. First, XQuery and XSLT are designed
        to create information, rather than execute actions with side effects.
        Second, these languages are rather closed systems, 
        without a concept of embedding other technologies and domain-specific
        functionality. Third,
        the information delivered (XML and/or atomic values) is pure information without 
        behaviour, rather than objects associating information with
        specific behaviour, which means that downstream usage of the information
        may be a relatively complex and challenging task. These limitations of effect -
        "no actions, closed functionality, no behaviour" - is at odds with the 
        enormous power of the means which the X-languages offer. 
      

      
        XProc [W3C-XPROC] addresses the first two limitations: it integrates
        the major XML technologies (XSLT, XQuery, XML Schema, ...) into a single
        script language, provides openness
        to other technologies (HTTP, system commands, ...) and enables to
        combine side-effect free processing with actions in a well-controlled
        way (based on distinct steps). XProc is a powerful approach
        to accomplish complex XML processing.
      

      
        XDML has a different emphasis: it concentrates on integrating
        XML technology into general purpose languages. 
        XDML strives to broaden the
        scope of what the X-developer can achieve as a
        contributor to a non-XML environment - rather than as the author
        of a standalone processing. He is enabled to
        define a complex postprocessing and its control by API client actions.
        This creates a novel
        possibility of leveraging XML technology to generate
        information associated with behaviour: 
        information with an interface. 
        The usefulness of the behaviour hinges critically upon the functional
        wealth offered by the available XDML operations. Therefore we believe
        that the easy extensibility of the XDML processor by proprietary,
        domain specific XDML operations may be of key importance for
        the value which XDML has to offer.
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      Abstract

	    This paper presents an XML engine defined to model and query multimodal concurrent annotated data. 
	    This work stands in the context of the OTIM (Tools for Multimodal Annotation) project which aims at developing conventions and tools 
	    for multimodal annotation of a large conversational French speech corpus; it groups together Social Science and Computer Science researchers. 
	    Within OTIM, our objective is to provide linguists with a unique framework 
	    to encode and manipulate numerous linguistic domains: morpho-syntax, prosody, phonetics, disfluencies, discourse,  gesture and posture. 
	    For that, it has to be possible to bring together and align all the different pieces of information (called annotations) associated to a corpus.
	  

	  
	    We propose a complete pipeline from the annotation step to the management of the data within an XML Information System. This pipeline first relies on 
		the formalisation of the linguistic knowledge and data within a OTIM specific XML format. A Java framework is proposed for interfacing with both linguists specific 
		annotation tools and XML Information System. Finally, the querying of multimodal annotations within the XML information system using XQuery is presented. 
		As annotations are time aligned, an extension of XQuery to Allen temporal relations is proposed.
	  

	  
	    The paper conclude on a discussion about the interest of a pure XML approach for linguistic annotations information system and the question of the 
		integration of the semantic within the pipeline. 
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    Introduction

    
	  In this paper, our intention is to present an XML engine defined to model and query multimodal concurrent annotated data. 
	  This work stands in the context of the OTIM (Tools for Multimodal Annotation) project which aims at developing conventions and tools 
	  for multimodal annotation of a large conversational French speech corpus (http://aune.lpl.univ-aix.fr/~otim/) [LAW2010]. This interdisciplinary project 
	  is funded by the French ANR agency; it groups together Social Science and Computer Science researchers. Within OTIM, our objective is to provide linguists with a unique framework 
	  to encode and manipulate numerous linguistic domains: morpho-syntax, prosody, phonetics, disfluencies, discourse,  gesture and posture [ICGL2010]. For that, it has 
	  to be possible to bring together and align all the different pieces of information 
	  (called annotations) associated to a corpus. 
	

	
	  Since some years, several works have studied concurrent markups/annotations associated to the same data, in particular in the context of XML documents. These 
	  documents are usually called multistructured. Indeed, XML documents are mainly hierarchical. The hierarchy, captured in a tree-like structure corresponds to 
	  one level of analysis of the data contained in the document. Concurrent markup opens a way for dynamically linking and aggregating documents with different 
	  structures associated to the same data. The CONCUR feature of SGML [SGML] first pointed out this need in the nineties in context of 
	  document-centric encoding where some applications needed to consider more than one hierarchy over the same text. 
	

	
	  The main problem with concurrent structures is that merging every hierarchy in an unique XML document implies overlapping: structures 
	  cannot be merged in order to get a well-formed XML document without using a flat representation or hyperlinks that make the structure difficult to query with 
	  standards XML languages like XPath (http://www.w3.org/TR/xpath/), XQuery (http://www.w3.org/TR/xquery/) or XSLT (http://www.w3.org/TR/xslt/). 
	  See [WITT2004][DEROSE2004] for a review about the problem of overlapping and about multiple hierarchies. Another approach 
	  is to keep one document by hierarchy and to solve the problem of the concurrent querying. We stand our work in this last approach: we want to keep each structure 
	  safe to use available XML tools and languages for its manipulation.
	

	
	  Main proposals are usually classified in three categories [BRUNO2006][PORTIER2010]. 
	

	
	  Historical solutions which propose syntactic solutions for the representation of multiple hierarchies in the same text, like the CONCUR feature [HILBERT2005] 
	  of SGML or TEI specifications [TEIP4] (e.g. a flat representation  or a main (hierarchical) structure and the use references (ID/IDREF) for 
	  the description of the other structures).  These solutions make impossible querying by means of standards XML languages.
	

	
	Proprietary graph based-model (and possible alternative syntax to XML) like LNML [TENNINSON2002], TexMecs[http://decentius.aksis.uib.no/mlcd/2003/Papers/texmecs.html], 
	XCONCUR [http://www.xconcur.org/], Annotation graphs [BIRD2001] (coming from the linguistic domain coupled to specific extension of XPath) or 
	MVDM [DJEMAL2008]. They allow the concurrent markup relying on a granule of data common to all the structures. Nevertheless, hierarchical structures 
	are easier to exploit compared to the graph structure which remain complex when a large number of structures exist. XML syntax for serialization or import/export XML syntax do 
	not make easy their querying by XML standard languages.   
	

	
	Finally, the third category is XML compatible contributions; they generally propose extensions of XML data model (XDM) (http://www.w3.org/XML/Datamodel.html) to consider a set of XML trees 
	[JLM2006][JAGADISH2004] or several trees sharing their leaves [DEKHTYAR2005][BRUNO2007][BRUNO2007B]
	[CHATTI2007]. For querying, these proposals define extensions of XPath or XQuery in order to navigate between different structures either by extending the notion 
	of step in XPath [JAGADISH2004] or by adding new axis [DEKHTYAR2005]. Another solution is to extend the semantics of the XQuery filter [BRUNO2006] 
	to use as much as possible an unchanged  XQuery structure. Adding Allen’s relations [ALLEN1991] by means of function definitions enable to deal with overlapping [BRUNO2006][CHATTI2007].  
	

	
	  Besides, some linguistic projects have a similar objective than OTIM, for instance NITE (http://groups.inf.ed.ac.uk/nxt/), 
	  AGTK (http://weblex.ens-lsh.fr/projects/xitools/logiciels/AGTK/agtk.htm), ATLAS [BIRD2000], 
	  PAULA (http://www.sfb632.uni-potsdam.de/~d1/paula/doc/), XStandoff [SPERBERG2000]. 
	  These projects rely on graph-based model. They generally propose toolkits for multi-level annotation by means of libraries of data and annotation management. The 
	  multiplication of annotation schemes and coding formats is a severe limitation for interoperability. One solution consists in developing higher level approaches (e.g. GrAF [IDE2007]) 
	  or annotation graphs based formats on top of which conversion routines between tools can be developed (see the Atlas Interchange Format [STHRENBERG2009]). 
	  However, these experiments still remain very programmatic. 
	

	
	  Interoperability of linguistic annotated resources requires over all to be independent from the coding format. This means to specify and organize the information to be encoded 
	  independently from the constraints or restriction of the format (or the annotation tool), then to encode the information into an standard XML format, readable whatever the edition or 
	  annotation system. Moreover we have made the choice not to provide new anootation tools for linguists as they have a long experience and they are efficient with their own tools.
	

	
	This paper is organised as follows: the context and motivations are presented, then we describe the project objectives and its functional architecture. A visual UML representation of 
	the linguistic knowledge is proposed before the OTIM XML representation and Java framework are explicited. The end of the work shows the methods for querying and managing linguistic annotations 
	within the XML engine and the implementation of the whole corpus construction and management before a conclusion.
	

  
  
  
  
    Context and motivations

	The OTIM project can be summarized in two main steps.

	The first step concerns the multimodal annotation of a conversational speech between two persons. It is under the responsibility of linguists; 
	      annotation is done according to different levels of linguistic analysis. Each expert has to annotate the same data flow according to its knowledge 
		  domain and the nature of the signal on which he annotates (signal transcription or signal). Experts generally use dedicated tools like PRAAT 
		  http://www.fon.hum.uva.nl/praat/, ANVIL http://www.anvil-software.de/ or ELAN http://www.lat-mpi.eu/tools/elan/. 
		  The qualifier multimodal is due to the nature of the studied corpus which is composed of text, sound, video.
	

	
	 Within the project OTIM, linguists propose an encoding for annotating spoken language data, with the acoustic signal as well as its orthographic 
	 transcription. They have chosen to use Typed Feature Structures [CARPENTER1992][COPESTAKE2003] (TFS) to represent in an unified view the knowledge and the information 
	 they need for annotation. TFS representation is usual for linguists: it aims at normalizing, sharing and exchanging annotation schemas between experts. 
	 Linguistic annotation tools rely on native and not often open formats which are not directly interoperable. TFS provides an abstract description using a 
	 high level formalism independent from coding languages and tools.  
	

	
	  The second step concerns the representation and manipulation of multimodal annotation. To analyze and find correlations between annotated linguistic 
	  domains, it is necessary to consider them grouped together: it implies the definition of a formal model for describing and manipulating them in a concurrent 
	  way.  The main difficulty in defining a data model comes from the heterogeneity and the distribution of the resources. Concurrent manipulation consists in 
	  querying annotations belonging to two or more modalities or in querying the relationships between modalities. For instance, we need to be able to express queries 
	  over gestures and intonation contours (what kind of intonation contour does the speaker use when he looks at the listener?) and to query temporal relationships 
	  (in terms of anticipation, synchronization or delay) between both gesture strokes and lexical affiliates. The results of queries could be useful to help in constructing 
	  new annotations or to extend existing ones.
	

	
	  The paper focuses on the second step. It describes an XML engine based on an architecture dedicated to the construction and the exploitation of multimodal annotated 
	  linguistic corpus. Our theoretical standpoint being to share data and resources, we will use open standards from the XML universe (see http://www.w3.org). 
	

	
	  Linguistic knowledge is captured by means of three types of information:
      

            	
              Properties: the set of characteristics of an object. An object is a type of information to be annotated in the corpus ,

            

            	
              Relations: the set of relations that an object has with other objects,

            

            	
              Constituents: complex objects are composed of other objects called constituents.

            

      

      Typed Feature Structures proposes a formal presentation of each object in terms of feature structures and type hierarchies: properties are encoded by features, 
	  constituency is implemented with complex features, and relations make use feature structure indexing; each linguistic domain is represented as a hierarchical model. 
	

	[image: TFS of the prosodic domain]
            
          
        
Figure 1.TFS of the prosodic domainTFS description of the prosodic domain within the OTIM project.


      For example, Figure 1, “TFS of the prosodic domain” graphically describes TFS representation of the prosodic domain. Notice that every feature of the domain related to 
	  signal is a sub-feature of the OtimObject that is constituted of an INDEX feature in order to be referred 
	  and a LOCALISATION feature that represents an interval, 
	  which boundaries are defined by the features START and END, with temporal value (usually milliseconds). 
	  Prosodic phrases are of two different types: ap (accentual phrases) 
	  and ip (intonation phrases). Accentual phrases are constituted of two appropriate features: the LABEL, 
	  which value is simply the name of the corresponding type, and the list of CONSTITUENTS, in this case a list of syllables. The features of 
	  type ip contain the list of its CONSTITUENTS (a set of ap) as well as the 
	  description of its CONTOUR which is a prosodic event, situated at the end of the ip and is usually associated to 
	  an ap. The prosodic phrases are formally defined as set of syllables. A syllable (syl) is constituted of features: 
	  STRUCT that describes the syllable structure (for example CVC, CCVC, etc.), the 
	  position of the syllable in the word (POSITION), its possibility to be accented or prominent (resp. ACCENTUABLE, 
	  PROMINENCE). Features of type const_syl, contains two different features: a set of phonemes, denoted 
	  PHON, and the type of the constituent (onset, nucleus and 
	  coda), denoted CONST_TYPE. Note that each syllable constituent can contain a set of phonemes.
	

  
  
  
    Objectives and functional architecture

	
	TFS is well suited to take into account the heterogeneous characteristics of annotated data. TFS provides an abstract 
	description using a high level formalism independent from coding languages and tools. Nevertheless, due to its theoretical 
	nature, such a representation cannot be used within an applicative framework and has to be implemented into other formalisms.
	

	
	In this context, our contributions are the following:
	

            	
              The representation of the knowledge expressed by means of TFS in an XML formalism. We base our proposal on XDM (XML data model, http://www.w3.org/XML/Datamodel.html),

            

            	
              
			    The automatic construction of XML annotated multimodal linguistic corpus. We define an operational multimodal data processing 
			    from TFS and (semi) automatic procedures to convert legacy data and annotations to the XML formalism,
              

            

            	
              
			    The concurrent querying of multilevel annotated linguistic data represented in the XML formalism. We use the XML 
			    Query Language XQuery that we have extended to multistructured XML documents [BRUNO2006], in particular in order to take 
				into account Allen’s temporal relations. 
			  

            

      

	
	  In summary, from the organization of annotations in terms of TFS, we automatically generate a XML schema [http://www.w3.org/XML/Schema] for each linguistic domain. 
	  All the annotations are then encoded following this schema and data are represented in standard XML document. This representation provides a 
	  high level of modularity for applicative requirements and enables to modify only the structure / schema needed and it can be queried by our XQuery 
	  extension which supports Allen’s relations. Notice that the TEI consortium has proposed guidelines for implementing feature structures in XML  (http://www.tei-c.org/Guidelines/P5/) 
	  however, we have decided not to encode TFS this way because type hierarchies and inheritance are not easily and directly represented and no querying support 
	  has be defined. This engine, from TFS to XML data, based on formalisms independent from linguistic coding languages and tools is an element of answer to 
	  the question of interoperability.  
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Figure 2.The OTIM FrameworkThe OTIM project applicative framework.


	  Figure 2, “The OTIM Framework” shows the functional architecture of our XML engine. It is composed of three parts:
	  

	    	
          Linguistics tools and formalisms chosen by linguists in the OTIM project, 

        

			
          An XML information system dedicated to the representation and querying of XML annotated multimodal corpus, 

        

			
          
		    A Java API that interfaces with both XML information system and linguistic specific annotation tools.
          

        

	  

    
	  Our approach guarantees that no information is lost when translating one format into the target formalism. However, the Java / XML framework does not provide 
	  linguists with a visual representation equivalent to the graphical representation of TFS. Therefore, we have chosen to make a preliminary work within the representation process 
	  that leads to XML / Java. This work is the representations of TFS by means of UML diagrams. This representation has two advantages: first it is standard, secondly there is many 
	  friendly and ergonomic tools that enable to build UML diagrams like Omondo (http://www.omondo.com/) or Poseidon (http://www.gentleware.com/).
	

  
  
  
  
    UML Representation

	As we have already said, TEI consortium proposes guidelines for implementing TFS in XML (http://www.tei-c.org/Guidelines/P5/). However, OTIM consortium has decided 
	      not to encode TFS this way for several reasons [ICGL2010]. First, 
	      there is a need of representation for type hierarchies and inheritance. Secondly, it is not realistic, or even possible, to encode all information by means of a TFS, 
		  that rapidly becomes huge and intractable. This last argument is important in the perspective of interoperability: annotation tools mainly focus on properties annotation (the 
		  encoding of object characteristics). Only some of them propose solution for constituency representation (e.g. in terms of primary/secondary tracks). None implement typing machinery. 
		  We think then preferable a decentralized representation in which objects are represented separately, their organization in hierarchy being encoded independently from their properties. 
		  Such an encoding offers the advantage to be close to the traditional way of encoding annotations without losing the richness of TFS representation.


    OTIM UML representation relies on two different views. Static one describes the static structure in terms of objects, attributes, operations and relationships. This view 
	      includes class diagrams. Dynamic view emphasizes the dynamic behavior of a system. One of its advantages is that the language includes a set of graphical notation 
		  techniques to create and share intuitive visual models. We can represent a TFS description by a set of UML class diagrams by means of the following mapping:
          

            	
              to each complex TFS corresponds a class,

            

            	
              to each TFS atomic attribute corresponds a class attribute,

            

            	
              the inheritance relationship defined on the TFS is represented by an inheritance relationship between classes,

            

            	
              the constituency relationships between TFS are represented by aggregation relationships between classes,

            

          
[image: The phonetics domain]
                
              
            
Figure 3.The phonetics domainUML representation of phonetics domain.


          Figure 3, “The phonetics domain” shows the UML representation of phonetics and prosody domains. This graphical representation provides a global standard view of the two domains and a suitable way for experts to share 
		  their knowledge.
    

  
  
  
    XML / Java representation

	
	From TFS to XSchema

	
      XML representation of the knowledge and data within the OTIM framework relies on XSchema. We generate an XSchema for each linguistic domain 
	  (for example phonetics and prosody). Data are then represented in different documents validated by the associated XSchemas. This method is motivated 
	  by two important points already said: 
	  

        	
          this representation provides a high level of modularity for applicative requirements and enables to modify only the structure / schema needed

		

			
          recents works on multistructured documents open a way for dynamically linking and aggregating various documents with different structure [BRUNO2006].

		

      

	  Within such a framework, it is possible to deal with a TFS-like XML representation and to process data as standard XML documents.
	

	
      For the sake of simplicity, we call OTIM XML our set of XML schemas constructed from TFS. From a linguistic point of view, this set can be seen as the third component mentioned as a perspective 
	  in [SCHMIDT2009]. This component, besides a basic encoding of data exportable into linguistic standard AIF (Atlas Interchange Format)
	  [1], encodes every information concerning the organization as well as the constraints 
	  on the structures. In the same way, as TFS are used as a tree description language in theories such as HPSG (Head-Driven Phrase Structure Grammar, http://hpsg.stanford.edu/), the 
	  XML schema generated from our TFS representation also plays the same role with respect to the XML annotation data file. On the one hand, basic data can be encoded with AIF, on the other hand, the 
	  XML schema encodes all higher level information. Both components (basic data + structural constraints) guarantee against information lost that otherwise occurs when translating from one coding 
	  format to another (for example from Anvil to Praat).
    

	
	  The creation of the XSchema from the linguistic knowledge is done from the TFS or the UML representation if it is available. The first step consists in representing 
	  all the information available within TFS. Each feature of a TFS appears in the associated XSchema:
	  

        	
          feature types encoding atomic type are represented with a simple type (integer, string, ...),

		

			
          composite feature types are represented with complex types.

		

      

	  From type definitions, a feature is represented by an XML element. The two relations of the TFS formalism (hierarchy and constituency) are represented respectively by type 
	  hierarchy and element aggregation. This representation guarantees that every information described within OTIM XML formalism can be represented by XML documents.
	  XSchema of the Prosodic domain shows the complete XSchema of the prosodic domain. It shows all required components for annotating the prosody of a 
	  dialog within the OTIM project.
	

	
	  The choice of constructing one XSchema by linguistic domain is motivated by two reasons. The OTIM project crosses several domains but a significant part of the data processing is 
	  made within each domain. Independence between schemas implies that expert only has to work with XML documents containing the needed information. Moreover, as the knowledge 
	  on the domains evolves, a modular approach of the formal representation enables to be more reactive and efficient for updating or revising the XSchemas according to the 
	  TFS updating.
	

	
	
	  From raw annotations to XML documents

	  
	    XSchemas enable to represent the knowledge of the linguistic domains and to describe the complex structure of data but linguists work with specific tools (like PRAAT or ELAN) that provide 
	    data as raw text files or specific XML documents that are not valid with our schemas. Generating valid OTIM XML documents relies on a transformation from the outputs of linguistic tools to 
		the OTIM XML representation.
      

	  
	    Documents generation relies on the expression of the link between the data present within the annotation tool outputs and the value of the elements of the OTIM XML documents. 
		This link is called Annotation Scheme and describes what kind of information is contained within raw annotation files and what element is attached to within the 
		OTIM XML document. The annotation scheme also describes good practices to experts for a consistent and repeatable annotation. The construction of a set of valid XML documents is made by processing 
        the raw annotation files with the annotation scheme. 		
	  

	
	
	  A Java framework for managing linguistic data

	  
	    The OTIM project aims to fully annotate an 8 hours long corpus of recorded dialog. The raw annotation outputs from linguists' specific tools have to be processed in an efficient way 
		with respect to the OTIM XML description proposed. As linguists are very familiar with their annotation tools (PRAAT, ANVIL, ...), it was not an option to provide new tools from scratch 
		to directly make annotations within OTIM XML representation. Moreover, the diversity of the tools would make difficult to provide and maintain extensions for them in order to conform with 
		the OTIM XML. A solution for providing data processing capability that can deal with both raw annotation files and OTIM XML document is an applicative framework composed of specific modules.
	  

	  
	    We made the choice of developing a Java framework for OTIM that is composed of two main parts (see Figure 2, “The OTIM Framework”):
		

        	
          an implementation of the OTIM XSchemas within Object paradigm,

		

			
          a set of modules that can interface with both raw annotation files and XML documents.

		

      

	  
	    The first part of the framework is distributed as OTIM API and enables to deal with linguistic annotations with respect to OTIM XSchemas 
	   (and also TFS). The link between XML schemas and Java implementation is guaranteed by using the Java Architecture For XML Binding (JAXB)
	   [2]. This technology provides method for automatically generating Java classes from a set of XSchemas. 
	   Using JAXB makes implicit and always consistent the link between XSchemas and their Java representation. When a schema is modified, the associated Java classes are automatically regenerated.
	   In most case, a minor change within XSchemas only involves an automatic update of the Java classes (changing an element name, changing a value, ...). When the changes are important: 
	   the structure of an XSchema or the annotation scheme are modified, the update of the Java classes need to be manually performed as implementation can be heavily modified. This can be seen as a limit but this 
	   kind of changes are rare in a standardidation context.
	  

	  
	    The second part of the framework is a set of I/O modules that provide data exchange capabilities between OTIM XML documents and raw annotations files. The most important work of these 
		modules is to generate OTIM XML documents from raw annotations. This work is done by parsing annotations and interpreting them against the annotation scheme. Another important need is to reinsert 
		annotations that are expressed within OTIM XML format into a specific annotation tool. The I/O modules enable to export from XML documents to PRAAT or ANVIL tools and so, linguists can see 
		annotations performed by other teams on other domains within their own tools. This capability can be seen as a partial response to interoperability between different annotation tools and enable to 
		make a full pipeline from the annotation step to information system. 
	  

	
  
  
  
    Querying and managing annotations in XML

	
	  The OTIM project aims to provide a fully annotated corpus represented in XML which can be queried by the standard XQuery language. Annotations can be used in various ways: simple viewing, domain crossing or reinsertion within standard tools. 
	  Every need of access to annotations relies on a query on the corpus. We first present general queries on the corpus and then the OTIM specific queries related to time and temporal relations between 
	  annotations. These last queries need an extention of XQuery with temporal capabilities.
	

	
	
	General queries

	
	Queries are classified into two groups: those involving only a single domain and those taking into account several domains. In addition, for each group we distinguish between filtering queries and queries 
	requiring the construction of new XML documents.
	

	
	Filtering queries enables to extract a subset of data in the corpus. Filtering on a single domain produces a subset of the involved OTIM XML documents. 
	For example, the following query filters the phonemes from the phonetic annotations (described within the document phonetics.xml) by getting only those 
	that are tagged with the label "A":
	
for $phoneme in fn:doc("phonetics.xml")/SyntacticPhrase/words/word/phonemes/phoneme[@label="A"]
return $phoneme

    Such a quite simple query is very important for linguists as it enables to target only annotations with specific characteristics. One another example of query is the filtering of phonemes according to their 
	temporal anchoring. The following query extracts each phoneme that verifies a condition on its temporal bounds:
	
for $phoneme in fn:doc("phonetics.xml")/SyntacticPhrase/words/word/phonemes/phoneme
where ($phoneme/TimeInterval/start/@time > 250) and ($phoneme/TimeInterval/end/@time < 500) 
return $phoneme


   Filtered fragments can be reorganised in the return clause specifying  the structure of the result to match linguistic specific needs. For example, the following query builds an empty element 
   A (searched label) for each filtered phoneme computing its duration:  
   
for $phoneme in fn:doc("phonetics.xml")/SyntacticPhrase/words/word/phonemes/phoneme
where ($phoneme/TimeInterval/start/@time > 250) and ($phoneme/TimeInterval/end/@time < 500) 
return <A duration='{$phoneme/TimeInterval/end/@time - $phoneme/TimeInterval/start/@time}'/>
   

   Finally, the following query shows an example of concurent querying based on phonetics and prosody domains. For each accentual phrase (ap) with at least 6 syllables the query builds an 
   element phoneme which is the first phoneme of the phrase as their share same start time (see inner where clause).
   
for $ap in fn:doc("prosody-IP_AP.xml")/TurnConversationalUnit/phrases/ip/constituents/ap
where count($ap/syllables/syllable) > 6
return 
  <phoneme id='{$ap/@id}'>{$ap/label}
  {for $phoneme in fn:doc("phonemes.xml")/phonemes/phoneme
   where $phoneme/TimeInterval/start/@time = $ap/TimeInterval/start/@time return $phoneme}
</phoneme>
   

	
	
	Time related queries

	
	Among the queries shown above, some take into account the notion of time. For a corpus of annotations aligned with a signal such as video, time is indeed the dimension with which 
	the studied objects are related. However, even if the time can be taken in account in an absolute way without extending XQuery, the use of temporal relation (such as relations described 
	within Allen algebra) cannot be expressed. A relative expression of time position (before, after, during, ...) is a critical need when linguists process the corpus for determining some 
    complex object (before, 
  meets, overlaps, starts, during, 
  finishes and equal and symetrics). 	
	

	
	We have extended XQuery by adding functions that implement Allen's relations within the OTIM XML representation. By inheritance, every object description contains the following structure that enables 
	temporal anchoring:
	
<xs:complexType name="timeInterval">
  <xs:sequence>
    <xs:element name="start" type="timePoint" minOccurs="0"/>
    <xs:element name="end" type="timePoint" minOccurs="0"/>
  </xs:sequence>
</xs:complexType>

<xs:complexType name="timePoint">
  <xs:sequence/>
    <xs:attribute name="time" type="xs:double" use="required"/>
</xs:complexType>
	
<xs:complexType name="Object">
  <xs:sequence>
    <xs:element name="index" type="xs:integer"/>
    <xs:choice minOccurs="0">
      <xs:element ref="TimeInterval"/>
      <xs:element ref="TimePoint"/>
    </xs:choice>
  </xs:sequence>
</xs:complexType>

	
	Allen's function are binaries boolean functions that take in parameter a TimeInterval or a 
  TimePoint XML fragment and that return true if the given relation is verified or false otherwise. 
	

	Extending XQuery with specific time functions for OTIM XML representation is a solution that satisfies linguists need for expressiveness. However, due to TFS initial representation, OTIM XML 
	representation is not optimized for processing queries that are significantly based on time. Their use cannot be made ​​on an entire corpus. Among the possible solutions 
	to solve this problem, an explicit representation of time relationships in separate XML documents or an ontological approach (OWL) can be considered.

	
  
  
  
    Implementation

	The OTIM framework is implemented within a Java / XML framework. The JAXB technology provides a strong and consistent link between XML Schema and Java representations. The XML management and querying is 
	hosted within one eXist (http://exist.sourceforge.net/) server for web application or within an embedded eXist module for a standalone utilization. At this time, 15 minutes of the corpus 
	have been annotated for 4 domains (phonetics, prosody, syntax, disfluency). The size of an XML document representing the 15 minutes can vary from 150 up to 500 Mo.

  
  
  
    Conclusion

	
	  In this paper, our intention was to describe an XML engine dedicated to the representation and the concurrent querying of multimodal linguistic 
	  annotations implying to analyze and to find correlations between annotated linguistic domains.
	

	
	  From the signal and the signal transcription of a conversational speech between two persons, experts annotate data according to different linguistics domains 
	  like prosody, phonetics, morpho-syntax, discourse or gesture/posture. From the TFS provided by linguists that describe the knowledge of the studied domains, 
	  from legacy data and annotations, we automatically build an XML corpus which can be queried by means of an extension of XQuery, in a concurrent way. A java framework has been provided
	  and enables to interface with both linguistic tools and OTIM XML information system. With this framework, the problem of the interoperability 
	  is solved for all the involved tools (PRAAT, ANVIL, ELAN) and domains within the OTIM project. Moreover, our proposal is based on XML standards.
	

	
	  Nevertheless, we can notice that our XML solution cannot capture the semantics of linguistic knowledge. Moreover, TFS expressivity is limited, for example for temporal relations.  Object anchoring 
	  is absolute: interval boundaries are represented by the features start and end, with temporal value (an object can also be situated 
	  by means of a point). It would be useful to have a relative anchoring. Another limit is due to the underlying model of TFS which is a Directed Acyclic Graph (DAG). When linguists need to annotate 
	  co-references or disfluencies  which are organized around objects, it would be useful to have an object anchoring which is conflicting with the acyclic graph.      
	

	
	We currently work to propose a knowledge representation formalism which be an alternative to TFS: an ontological approach based on Description Logics [DLHANDBOOK2003] (DL) 
	and on semantic web technologies for the development of a linguistic Knowledge-based Information System. We have already defined a linguistic ontology from the TFS provided 
	by linguists for prosody, phonetics, lexical and disfluency domains. An applicative framework is under development, it is based on semantic web proposals such as OWL DL 
	(Ontology Web Language5) for the representation of this ontology and SPARQL [SPARQL2007] the querying language of semantic web for its manipulation. 
	

  
  
  
    XSchema of the Prosodic domain

	
<xs:schema version="1.0" xmlns:xs="http://www.w3.org/2001/XMLSchema">

  <xs:element name="Syllable" type="syllable"/>

  <xs:element name="TimeCompound" type="timeCompound"/>

  <xs:element name="TimeInterval" type="timeInterval"/>

  <xs:element name="TimePoint" type="timePoint"/>

  <xs:element name="TurnConversationalUnit" type="turnConversationalUnit"/>

  <xs:complexType name="turnConversationalUnit">
    <xs:complexContent>
      <xs:extension base="Object">
        <xs:sequence>
          <xs:element name="phrases" minOccurs="0">
            <xs:complexType>
              <xs:sequence>
                <xs:choice minOccurs="0" maxOccurs="unbounded">
                  <xs:element name="ip" type="IntonationalPhrase"/>
                  <xs:element name="ap" type="AccentualPhrase"/>
                  <xs:element name="pp" type="ProsodicPhrase"/>
                </xs:choice>
              </xs:sequence>
            </xs:complexType>
          </xs:element>
        </xs:sequence>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <xs:complexType name="Object">
    <xs:sequence>
      <xs:element name="index" type="xs:int"/>
      <xs:choice minOccurs="0">
        <xs:element ref="TimeInterval"/>
        <xs:element ref="TimePoint"/>
        <xs:element ref="TimeCompound"/>
      </xs:choice>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="IntonationalPhrase">
    <xs:complexContent>
      <xs:extension base="ProsodicPhrase">
        <xs:sequence>
          <xs:element name="constituents" minOccurs="0">
            <xs:complexType>
              <xs:sequence>
                <xs:element name="accentual_phrase" type="AccentualPhrase" minOccurs="0" maxOccurs="unbounded"/>
              </xs:sequence>
            </xs:complexType>
          </xs:element>
          <xs:element name="contour" type="Contour" minOccurs="0"/>
        </xs:sequence>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <xs:complexType name="ProsodicPhrase" abstract="true">
    <xs:complexContent>
      <xs:extension base="Object">
        <xs:sequence/>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <xs:complexType name="AccentualPhrase">
    <xs:complexContent>
      <xs:extension base="ProsodicPhrase">
        <xs:sequence>
          <xs:element name="label" type="xs:string" minOccurs="0"/>
        </xs:sequence>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <xs:complexType name="timeInterval">
    <xs:sequence>
      <xs:element name="end" type="timePoint" minOccurs="0"/>
      <xs:element name="start" type="timePoint" minOccurs="0"/>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="timePoint">
    <xs:sequence/>
    <xs:attribute name="time" type="xs:double" use="required"/>
  </xs:complexType>

  <xs:complexType name="timeCompound">
    <xs:sequence>
      <xs:element name="TimeLocations" minOccurs="0">
        <xs:complexType>
          <xs:sequence>
            <xs:choice minOccurs="0" maxOccurs="unbounded">
              <xs:element name="Interval" type="timeInterval"/>
              <xs:element name="Point" type="timePoint"/>
            </xs:choice>
          </xs:sequence>
        </xs:complexType>
      </xs:element>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="Contour">
    <xs:sequence>
      <xs:element name="direction" type="ContourDirection" minOccurs="0"/>
      <xs:element name="function" type="ContourFunction" minOccurs="0"/>
      <xs:element name="position" type="ContourPosition" minOccurs="0"/>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="syllable">
    <xs:complexContent>
      <xs:extension base="Object">
        <xs:sequence>
          <xs:element name="accentuable" type="xs:boolean"/>
          <xs:element name="constituents" type="SyllableConstituent" nillable="true" minOccurs="0" maxOccurs="unbounded"/>
          <xs:element name="position" type="SyllablePosition" minOccurs="0"/>
          <xs:element name="prominence" type="xs:boolean"/>
          <xs:element name="struct" type="SyllableStruct" minOccurs="0"/>
        </xs:sequence>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <xs:complexType name="SyllableConstituent">
    <xs:sequence>
      <xs:element name="label" type="xs:string" minOccurs="0"/>
      <xs:element name="phon" type="Phoneme" nillable="true" minOccurs="0" maxOccurs="unbounded"/>
      <xs:element name="type" type="SyllableConstituentType" minOccurs="0"/>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="Phoneme">
    <xs:complexContent>
      <xs:extension base="Object">
        <xs:sequence>
          <xs:element name="articulationGestures" type="ArticulationGestures" minOccurs="0"/>
          <xs:element name="category" type="PhonemeCategory" minOccurs="0"/>
          <xs:element name="label" type="xs:string" minOccurs="0"/>
          <xs:element name="phonemeType" type="phoneme_type" minOccurs="0"/>
          <xs:element name="role" type="Role" minOccurs="0"/>
          <xs:element name="sonority" type="PhonemeSonority" minOccurs="0"/>
        </xs:sequence>
      </xs:extension>
    </xs:complexContent>
  </xs:complexType>

  <xs:complexType name="ArticulationGestures">
    <xs:sequence>
      <xs:element name="glottis" type="Aperture" minOccurs="0"/>
      <xs:element name="lip" type="Lip" minOccurs="0"/>
      <xs:element name="tongue" type="Tongue" minOccurs="0"/>
      <xs:element name="velum" type="Aperture" minOccurs="0"/>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="Lip">
    <xs:sequence>
      <xs:element name="aperture" type="Aperture" minOccurs="0"/>
      <xs:element name="protusion" type="xs:string" minOccurs="0"/>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="Tongue">
    <xs:sequence>
      <xs:element name="bodyConstriction" type="BodyConstriction" minOccurs="0"/>
      <xs:element name="tipConstriction" type="TipConstriction" minOccurs="0"/>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="BodyConstriction">
    <xs:sequence>
      <xs:element name="degree" type="xs:string" minOccurs="0"/>
      <xs:element name="location" type="BodyConstrictionLocation" minOccurs="0"/>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="TipConstriction">
    <xs:sequence>
      <xs:element name="degree" type="xs:string" minOccurs="0"/>
      <xs:element name="location" type="TipConstrictionLocation" minOccurs="0"/>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="Role">
    <xs:sequence>
      <xs:element name="epenthetic" type="xs:boolean"/>
      <xs:element name="liaison" type="xs:boolean"/>
    </xs:sequence>
  </xs:complexType>

  <xs:complexType name="SyllablePosition">
    <xs:sequence>
      <xs:element name="rank" type="xs:int"/>
      <xs:element name="syl_number" type="xs:int"/>
    </xs:sequence>
  </xs:complexType>

  <xs:simpleType name="ContourDirection">
    <xs:restriction base="xs:string">
      <xs:enumeration value="Raising"/>
      <xs:enumeration value="Falling"/>
      <xs:enumeration value="Falling_raising"/>
      <xs:enumeration value="Raising_falling"/>
      <xs:enumeration value="Unspecified"/>
    </xs:restriction>
  </xs:simpleType>

  <xs:simpleType name="ContourFunction">
    <xs:restriction base="xs:string">
      <xs:enumeration value="Conclusive"/>
      <xs:enumeration value="NonConclusive"/>
    </xs:restriction>
  </xs:simpleType>

  <xs:simpleType name="ContourPosition">
    <xs:restriction base="xs:string">
      <xs:enumeration value="Final"/>
      <xs:enumeration value="Penultimate"/>
      <xs:enumeration value="Unspecified"/>
    </xs:restriction>
  </xs:simpleType>

  <xs:simpleType name="Aperture">
    <xs:restriction base="xs:string">
      <xs:enumeration value="wide"/>
      <xs:enumeration value="narrow"/>
      <xs:enumeration value="closed"/>
    </xs:restriction>
  </xs:simpleType>

  <xs:simpleType name="BodyConstrictionLocation">
    <xs:restriction base="xs:string">
      <xs:enumeration value="wide"/>
      <xs:enumeration value="narrow"/>
      <xs:enumeration value="closed"/>
    </xs:restriction>
  </xs:simpleType>

  <xs:simpleType name="TipConstrictionLocation">
    <xs:restriction base="xs:string">
      <xs:enumeration value="alveolar"/>
      <xs:enumeration value="dental"/>
    </xs:restriction>
  </xs:simpleType>

  <xs:simpleType name="PhonemeCategory">
    <xs:restriction base="xs:string">
      <xs:enumeration value="vowel"/>
      <xs:enumeration value="consonant"/>
    </xs:restriction>
  </xs:simpleType>

  <xs:simpleType name="phoneme_type">
    <xs:restriction base="xs:string">
      <xs:enumeration value="occlusive"/>
      <xs:enumeration value="fricative"/>
      <xs:enumeration value="nasal"/>
    </xs:restriction>
  </xs:simpleType>

  <xs:simpleType name="PhonemeSonority">
    <xs:restriction base="xs:string">
      <xs:enumeration value="voiced"/>
      <xs:enumeration value="voiceless"/>
    </xs:restriction>
  </xs:simpleType>

  <xs:simpleType name="SyllableConstituentType">
    <xs:restriction base="xs:string">
      <xs:enumeration value="Onset"/>
      <xs:enumeration value="Nucleus"/>
      <xs:enumeration value="Coda"/>
    </xs:restriction>
  </xs:simpleType>

  <xs:simpleType name="SyllableStruct">
    <xs:restriction base="xs:string">
      <xs:enumeration value="V"/>
      <xs:enumeration value="CV"/>
      <xs:enumeration value="CCV"/>
      <xs:enumeration value="CVC"/>
      <xs:enumeration value="CCVC"/>
      <xs:enumeration value="CVCC"/>
      <xs:enumeration value="VC"/>
      <xs:enumeration value="CCCV"/>
      <xs:enumeration value="CCVCC"/>
      <xs:enumeration value="CCCVC"/>
      <xs:enumeration value="VCC"/>
      <xs:enumeration value="OTHER"/>
    </xs:restriction>
  </xs:simpleType>
</xs:schema>
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  One of the reasons to come to a conference like this is to
  learn new things.  And as Tommie Usdin reminded us in the opening
  session Usdin, confrontation with other people
  and listening to things other people have done, including (or even
  especially including) things we don’t expect in advance to
  find especially interesting, can open our minds to new possibilities.
  And opening new possibilities is, in a way, how many of us presumably
    got here.[1]
  

  
  One reason to get interested in a new technology or a new
  programming language or a new markup language or a new kind of
  document language is that it opens up possibilities that you
  didn’t have before.  By looking at SGML and thinking about what
  SGML gave us, those of us who got interested in descriptive markup
  in the form of SGML learned about ways in which WordPerfect or
  WordStar or Waterloo Script or troff had been closing down
  possibilities for us — possibilities we hadn’t missed
  because we hadn’t thought about them, because the tool shapes the
  hand that wields it and the intellectual tool shapes the mind that
  uses it.  If your document description language is focused, as so
  many of them were and are, on putting ink on paper, then you’re
  going to think that document description and information management
  is about fonts and layout.  And it’s only when you get a language
  that says, “No, documents are about more than that.” (a
  language that ironically received much of its original impetus from
  typesetters, who know perfectly well that fonts can change in
  different renderings of the same document) — it’s only when
  you see that that you begin to think about other possibilities.  
  


  And that opening up of possibilities can easily give you the
    sense that you are seeing the dawn of a new day.

  
  That’s why some of us at least got interested in
    descriptive markup as opposed to WYSIWYG.  (As Brian Kernighan is
    quoted as saying, “The problem with ‘what you see is
    what you get’ is that what you see is all you get.”
    And when that’s all you’ve ever gotten, you may not miss the
    things that it doesn’t give you.)  That’s one of the reasons
    that other people got interested in XML as opposed to straight
    HTML. That’s one reason people get interested in multiple
    languages instead of a single language or, generalizing, in
    a metalanguage as opposed to an object language.

  
  New technologies can open new possibilities.  So new specs
    defining new technologies are always interesting. In this context
    recall the papers we got from Cornelia Davis about the systematic
    application of new specs in the XML space (and some old specs in
    the XML space!) to make new things possible Davis, or Eric Freese’s report on EPUB3 Freese, or Piotr Bański’s application of
    the TEI ODD system to the ISO Linguistic Markup Framework Banski.  All of these are showing us ways of opening
    up new possibilities.

  
  Sometimes new views on existing specs can open up some
    surprising perspectives, as we found on Tuesday, when
    Hans-Jürgen Rennau reported on the work that he and David Lee
    had done on XDML Rennau.  And sometimes we get
    new perspectives, new possibilities, from the collision of
    existing specs: think of Kurt Cagle talking about the collsion of
    XQuery and SparQL Cagle.  In the other track
    about the same time, Julien Seinturier had some very interesting
    remarks about the different way that domain specialists — in
    his case, linguists — react to XQuery and SparQL Seinturier that made me think about ways it might
    make sense to change what I teach when I teach XQuery.

  
  Sometimes the collision with other specs leads us to seek
    better ways of co-existence.  You know, sometimes you’d really
    like to conquer the world and get the other spec out of the way.
    (SGML did manage to displace ODA; that was a long hard struggle,
    but I haven’t heard anybody but SGML people mention ODA for a
    long, long time.)  But in the short term, XML is going to co-exist
    with JSON for quite a while, so I’m glad to see David Lee
    looking for a way to get back-and-forth without information loss
    and with at least reasonably plausible translation results so the
    product of the transformation doesn’t always sound like the
    output of a badly trained machine translation program Lee.  Even within the XML community, XQuery and
    XSLT are going to co-exist for a while, so Evan Lenz’s ideas
    for hybridizing them may give us new perspectives for the future
    Lenz.

  
  People talk about turning over a new leaf.  It took me a long
    time to understand that idiom.  Eventually, I concluded that in
    its original sense it refers to a school boy who has spoiled one
    page by spilling too much ink turning over a new page, and now
    it’s a fresh new opening.  There’s nothing wrong with this
    new leaf; it’s full of possibility.  The French poet,
    Stéphane Mallarmé, talks about this.  He talks about
    the empty page whose blankness defends it.[2] Why does the blankness defend the page?
    Because the page is currently full of possibilities, and as soon
    as I write a word on it, I’ve spoiled an infinite number of
    them.  This thought can lead to paralysis, of course.

  
  Sometimes those of us who are predicting the dawn of a new day
    will also assume or predict that everyone is going to see the
    beauty of these possibilites, rejoice in them, and adopt this new
    technology.  And sometimes the rosy possibilities that we foresee
    will accrue only if everybody does adopt the new technology. Some
    of you will be thinking, along about now, about all of the
    rhetoric that we regularly hear — I associate it especially
    with the web application development community — about the
    advantages of network effects and the advantages of ubiquity.  I
    think the biologist Richard Dawkins[3] has spawned
    (particularly in the IT community for some reason) a whole
    generation of intellectual social Darwinists who evaluate ideas
    exclusively in termes of how widely they spread, and not how how
    coherent or true they might be.  This is a sort of
    propagandists’ view of ideas, whose coarseness and
    naïveté would shame even the most outrageous of the
    19th century thinkers who invented that misapplication of
    biological theory to human ethics which is social
    Darwinism.

  
  So it’s nice to have some cases where advantages will
    accrue and new possibilities will open up regardless of whether
    anybody else sees them or adopts the new technology or not, where
    the advantages accrue for individuals and not just huge
    collectives.  It's nice because it frees us from the need to make
    technological choices based solely on our predictions about what
    other people are going to think is good technology; it allows us
    to evaluate the technology on its merits.  As technical people,
    most of us are likely to be better at evaluating the technical
    merits of technologies than at predicting the crowd psychology of
    marketplaces.  As Michael Kay said several times during this
    conference, “I really hate to try to make predictions about
    the future.  It’s very hard.” That’s true for all of
    us.

  
  I had occasion recently to
    reread the paper published by James Coombs, Allen Renear, and
    Steve DeRose in the November 1987 Communications of the ACM,[4] and I was struck that they say:
    
    

      
      We do not advocate waiting for SGML to become dominant.  As we
        have illustrated, [Aside: Only illustrated, not
          proven? Interesting, Dr. Renear.] descriptive
        markup is vastly superior to both presentational and procedural
        markup.  The superiority of descriptive markup is not dependent
        on its becoming a standard; instead, descriptive markup is the
        basis of the standard because of its inherent superiority over
      other forms of markup.

      
      Those of us who have converted to descriptive markup are
        already enjoying some of these outlined benefits. ... Coombs

    


  I think that’s true, and it’s useful to focus on the
    benefits you can get by adopting a technology even if the browser
    makers or the large community of web application developers never
    see it and never adopt it.  In that respect I’m particulary
    grateful to Eric van der Vlist for showing us how we can bring
    hypertext on the web forward into the 1960s[5]
 with multi-ended links
    that run in browsers today without requiring that we persuade the
    guys at Netscape or Opera or those other places Vlist01.

  
  On the other hand, as that quotation from Mallarmé
    illustrates, turning over a new leaf may open so many new
    possibilities that the experience becomes a little paralyzing.
    Working with metalanguages can make things so abstract it’s
    hard to find your way.  And working with standards or
    specifications that leave a lot freedom to their implementors and
    their uses can leave so many possibilities open that you wonder
    whether you gained anything at all by adopting the standard or
    using the specification.  When you’re using PDFs, at least
    there is a Big Daddy over there in San Jose that tells the world
    what PDFs mean, and it doesn’t matter how gnarly they get
    inside, because the only people who see the gnarliness inside a
    PDF file are the people who write PDF display software, and most
    of them work for Adobe and are very well paid, and the others will
    either do the same thing the Adobe browser does or they will be
    punished, and we don’t need to worry about it.

  
  XML, SGML, descriptive markup in general, takes away that
    comforting dependence on somebody else to decide what’s
    important and what counts.  It puts the responsibility on you, and
    that can be frightening.  Even when we do not find it frightening,
    it can be an onerous responsibility.  As a well-known critic of
    SGML (Darrell Raymond) once said, “Descriptive markup frees
    authors from the tyranny of typography only to plunge them
    headlong into the hellfire of ontology.”[6]
 

  
  You see traces of that difficulty in the problem that Norm
    Walsh talked about: the difficulty of finding an editor that end
    users will like that preserves the freedom that XML gives you
    Walsh.  It’s a lot easier to write simple
    interfaces if the user doesn’t have that many possibilities.
    Sometimes freedom is bewildering and threatening.  The report by
    Ravit David and others, on their experience loading XML ebooks,
    illustrates those difficulties David.  Jeff
    Beck’s report on the self-delusions you may fall into when
    you’re working in a closed system Beck is
    also relevant here.  One of the sentences that people will
    remember from this conference is the observation “If XML is
    like a conversation, running a closed XML system is like listening
    to the voices in your head.”

  
  And, of course, when anything at all is possible, the person
    you’re listening to may be lying.  I bet most of you didn’t
    realize that Lynne Price’s game was part of the technical
    program. I didn’t either until I realized: it’s another
    instantiation of this problem.[7]  Infinite possibilities include infinite methods of
    deceit and threat.  And even if your interlocutors are not trying
    to deceive you, they may just be plain wrong, as Ken Sall mentioned
    this morning Sall.  Did Jeff Beck really play
    on that record, and if so, was it this Jeff Beck or was it a
    different Jeff Beck?  Maybe I have always thought that Jeff was a
    great guitar player in his spare time — I only saw one side
    of him, as a markup geek at the National Library of Medicine,
    but in his secret life he was a rock star.
    [Laughter.]

  
  Sometimes, possibly for this reason — it seems related
    — the way forward seems to be not to open up more
    possibilities but to start closing possibilities down. That’s
    why many people thought then and think now that Scribe was a step
    forward vis-à-vis troff.  Why?  Because it cut off a whole
    lot of spaces, particularly spaces of bad typography and bad
    document structure, and put a very limited palette of
    possibilities in front of the user.  It’s one of the things
    that the designers of XML tried to accomplish with XML: to close
    off some of the possibilities of SGML.  Let’s not fool
    ourselves; there is a loss of flexibility in XML vis-à-vis
    SGML.  The design goal was to make that loss of flexibility
    involve the things you don’t care about and not the things you
    do care about.  So XML doesn’t reduce possibilities for the
    document owners or the vocabulary designers, only for the software
    developers.  There’s a trade-off: You have to think
    “Which is more valuable to you?  Having more conforming
    parsers than you can count on the fingers of a single hand (and
    more non-conforming parsers than you can count on fingers and
    toes, and possibly some fingers and toes of some friends)?  Or, on
    the other hand, the ability to use backslash rather than ampersand
    as a general entity reference opener?” On the whole, I’m
    happy to give up on a backslash as a general entity reference open
    delimiter in order to have more parsers.  So I’m happy with
    that trade-off.  And those of us who prefer to use SGML can still
    use SGML because it’s there; it’s a spec, and its
    implementations are not going away, although, as far as I know,
    most of them have not been updated recently.
    
  

  
  That same simplification through reducing choices is probably
    responsible for the fact that many, many more people use TEI-Lite
    than full TEI.  You can’t use full TEI without making an awful
    lot of decisions.  Quite often they’re decisions that you
    don’t feel in a position to make upfront because until
    you’ve had some experience you don’t know whether you want
    that module or not.  Blind interchange similarly requires closing
    off possibilities and reducing variation. (We’ll come back to
    that.)  To write any text at all on the page — even a text
    as beautiful as the poem Sea
      Breeze — Mallarmé Mallarme had to take a stand; he had to put something
    down on the page.  He had to shut out an infinite number of other
    possible texts in order to get the text he did write, and he had
    to risk an ink blot or two.  Similarly, growing up requires that
    you stop changing your mind about what you want to be when you
    grow up and start focusing; at least, that’s what I’ve been
    told by people who have grown up.

  
  Even at relatively low levels, regularity, predictability, and
    explicit structure can open up new possibilities.  The simple
    regularity of markup — the ability to distinguish markup
    from non-markup — allows Daniel Jettka and Maik
    Stührenberg to produce tools to do visualization of documents
    Jettka.  You know, visualizing the structure of TeX
    documents or troff documents would be an NP-complete problem.  It
    would require artificial intelligence because you would
    essentially have to write a troff processor and then you’d have
    to do artificial intelligence to analyze the shape of the page to
    decide what the structure of the document was.  Having the
    structure explicitly marked allows Jettka and Stührenberg to
    draw trees without occupying the mainframe computer center for
    three weeks in order to document the structure of the first
    document they try, and then another three weeks to get the second
    one to compare with it.  Consider the paper of Jean-Yves
    Vion-Dury, in which he exploits the distinction between markup and
    content in order to encrypt them differently so that you can
    semi-trust people, semi-trusting your service vendors so they can
    perform operations without having to understand either the
    operations or your documents fully Vion-Dury.  You couldn’t do that if you
    didn’t have a reliable guide to the structure that you’re
    exposing to them (or, in some cases, potentially hiding from them)
    independent of the content.  Or recall the work that Jacques
    Durand did in XTemp Durand; I think that’s
    aided by
    the generality at one level and the utter predictability at
    another level of the message structure of the messages they have
    to deal with.

  
  Now, the difficulties of uncertainty and freedom, and the
    advantages of restriction — I’m tempted to say
    “voluntary slavery” — apply not just at the
    psychological level and not just at the application level (even at
    a very low level).  Why are Michael Kay and O’Neil Delpratt
    able to optimize certain things and not others Delpratt?  They are able to optimize those things
    which they can decide at compile time, and they cannot optimize
    things which cannot be determined until run time.  If they know,
    at compile time, that certain things are not going to happen at
    run time, then they can compile into byte code, and the stylesheet
    can run faster. Freedom leads to uncertainty, and uncertainty
    leads to doubt, and doubt leads to ... slower processing ... at
    many, many levels.

  
  Eliminating the possibilities that you don’t want to
    exercise can help in a lot of ways.  To inter-operate with other
    software, to make XML data more tractable for people who don’t
    have an XML mindset requires clean APIs — requires APIs like
    the one Liam Quin sketched, which try to make XML easier to write
    for people who don’t think in XML Quin.  We
    may wish that they would just start using native XML programming
    languages like XQuery and XSLT, but historically they have
    perversely enough exercised their freedom not to do so. And rather
    than putting them in chains and forcing them, it’s probably a
    good idea to try to make things easy. Similarly, I’m happy to
    see the work on XML serialization into C# and Java Objects that
    Carlos Jaimez-Gonzalez described Jaimez-Gonzalez, or the packaging work that Chris
    Maloney described this morning Maloney.  To
    make progress on certain tasks, including the development of
    applications, can just require that you put your head down and you
    make decisions and you put a stake in the ground and you risk an
    ink blot or two.

  
  Recall the work of Julien Seinturier on XML engines for
    multimodal linguistic annotations Seinturier,
    or similarly, Alexander “Sasha” Schwarzman’s
    description of the work he and others have done dealing with all
    the complications of supplemental material for journal articles
    Schwarzman.  Those case studies reflect one of
    the kinds of work we need to do in order to make XML realize some
    of the possibilities for our culture that we want it to realize,
    even though, of course, one of the first things you discover when
    you do that kind of work is that you’ve uncovered a whole lot
    of new problems you didn’t know you had before, including
    the perennial problem “Oh, this is really interesting, but
    who is actually going to pay for this additional work for the
    preservation of this additional material?” We now know
    it’s essential, but we haven’t necessarily found new
    income.

  
  I have seen the future, and it will require better
  documentation.


  That’s part of the cussedness of human beings.  Human
    beings can do things in a whole lot of different ways.  We can
    understand each other because out of the infinite number of
    possible human languages, there is only a finite number of human
    languages actually in use at any given time and an even smaller
    finite number that are typically used in a particular location. So
    if we address each other in 21st-century English or 21st-century
    French, here in Montréal, we’re likely to succeed fairly
    quickly in finding a language that our interlocutor understands.
    Fortunately, we can restrict our attention to 21st-century English
    and 21st-century French — We don’t have to experiment
    with Chaucerian English or Old High German or Gothic or Uyghur or
    historical versions of that very large number of attested
    languages. But if we want to preserve our information for the
    long-term, the recipients of that information in the long-term
    won’t have all of the context that we have that reduces the
    number of possibilities we have to try. So as David Dubin reminded
    us the other day Dubin, we are going to have to document things a
    lot better than we might think.  It is precisely those things
    which are so obvious that we don’t think of them as needing
    documentation, the things that would be almost an insult to say
    explicitly (because it would make your interlocutor wonder whether
    you doubt their mental capacity) that may be most important to
    document.  So I’m glad that people like David Dubin or people
    like Daan Broeder and Andreas Witt and Oliver Schonefeld and their
    colleagues are working on long-term preservation [Dubin,
    Broeder] and how to make it work, and trying to
    figure out how to elicit the documentation that we need and how to
    store it in ways that people in the future will have a fighting
    chance at understanding.

  
  Sometimes we may resist nailing things down because there’s
    the risk of getting it wrong; there is the risk of foreclosing
    possibilities that were really what we wanted.  And I’ll tell
    you a story I’m embarrassed about: Sometime late in the
    development of the XML 1.0 spec, Dan Connolly who was the W3C
    staff contact for the Working Group, said to me, “What is an
    XML document?  Of what set of objects is the set of XML documents
    a subset?” And I said, rather guardedly, “Why do you
    want to know?” I had worked enough with Dan that I was
    worried about a trap.  And he said, “It’s just a sort of
    intellectual hygiene; it’s part of the definition of any set.
    Modern set theory says if you want to make sure that it’s safe
    to apply the axioms and theorems of set theory, you have to define
    sets in certain ways to avoid well-known intellectual
    problems.” And I said, “You know, I really don’t
    think that we’re going to run into Russell’s Paradox if we
    don’t specify whether an XML document is a string of characters
    or an abstract structure of some kind, so no, I don’t want to
    go there.”[8] I have no idea whether anybody else in the Working
    Group thought about this problem; Dan and I, I think, were talking
    offline, and I resisted because I did not want to nail down the
    nature of an XML document in a specific way because I foresaw that
    other people would use that to sort of close down other
    possibilities.  And the result has, of course, cost later working
    groups some indeterminate number of months or years[9]
    trying to patch problems in the formal underpinnings of their
    specifications.  Some XML specifications, for example, appeal to
    the notion of identity of XML elements — these two things,
    they may say, are the same if they are, or are derived from, the
    same XML element.  Sometimes, working group members are surprised
    to discover that their specification has a hole in its foundation
    as a result, since the XML spec doesn’t actually define
    identity criteria for XML documents or XML elements.  If identity
    is not defined for XML elements, you cannot appeal to identity of
    XML elements to determine the identity or non-identity of other
    things of interest to your specification.[10] And it’s my fault.

  
  It would be better to have nailed it down.  It would be better
  to have identified the possibilities I was trying to keep open and
  define each of them, so that we had terms with which we could talk
  about them.

  
    Trying to avoid nailing things down may be understandable when
    you’re trying to preserve possibilities, but trying to avoid
    clarity is not the right way.  So I’m grateful to Allen Renear
    and his colleagues, even though I disagree with them on the nature
    of the identifier I42. I’m grateful to
    them for asking the question “What is the logical form of a
    metadata record?” Renear It’s the right kind of question; it’s an
    essential kind of question that we need to ask. I’m grateful to
    Walter Perry for asking a related question Perry.  It’s true that you may risk, when you
    talk about these things, having someone stand up and say,
    “I’m lost.”[11] But we have to ask these questions; it will take us a
    while to find answers that we can successfully communicate to each
    other, but if we don’t ask the questions, we’re never going
    to get there.  And I’m grateful to Lars Johnsen and Claus
    Huitfeldt for the same reason; I don’t understand what those
    lattices they are talking about mean, but I now know there’s
    something I have to work on understanding Johnsen.

  
  But now we have a contradiction.  (Some of you will have
    noticed this some time ago, but it took me a while to get around
    to it.)  Now we have a contradiction because on the one hand we
    want openness and we want freedom and we want flexibility, but we
    notice that that sometimes leads to paralysis.  And on the other
    hand, we want to avoid closed-down options and foreclosure of
    possibilities and inflexibility and rigidity, but if we also want
    blind interchange and interoperability, that seems to be the way
    to get there.  How do we balance these competing interests?  Do we
    have to choose one and let the other one go to the dogs?  Can we
    trade them off somehow?  Do we have to choose whether to eat the
    cake today or save it for tomorrow?   Or can we have them both?
    And what I think of as the big theme of this conference is
    precisely the question: Can we have them both?  In his paper,
    Eliot Kimber explained the way DITA has striven to make the notion
    of architectural forms concrete and executable and managed to make
    DITA comprehensible in ways that I had ever managed to find it
    before Kimber.  The DITA approach, as he
    described it, seems to provide a way to have a certain kind of
    freedom within constrained limits and provide precisely the
    constraints that you need in order to allow at least a certain
    level of quality in default processing — to have at least
    some of the advantages of both poles.  And if things work right
    and if you get the right set of primitive types, maybe the
    advantages you have over here that are preserved and the
    advantages you have over there that are preserved and not lost are
    the ones you care about, and the advantages that you’ve lost
    are the ones you didn’t care about, like changing your
    delimiters.

  
  Syd Bauman’s talk touched on that very topic of interchange
    and interoperability Bauman.  Wendell Piez
    discussed ways to provide controlled extension points, not just in
    the schema and not just outside the schema: having them both
    seemed to suggest a way that we may be able to manage those
    difficult trade-offs Piez.  I still don’t fully understand this, but the
    DITA mechanism that Eliot described and the local extensibility
    mechanisms that Wendell described feel to me similar at some deep
    level to the definition of forward processing in processor
    specs.

  Another anecdote: The XML Schema Working Group was aware that
    versioning was a terribly difficult problem, and we were
    desperately afraid of getting it wrong, so in XSD 1.0 we in fact
    said nothing.  The XSLT Working Group — the group that
    developed XSLT 1.0 — was also aware that it was important,
    and they were also afraid of getting it wrong, but they took a
    risk and defined a forward processing mode for XSLT 1.0
    processors.  And as Michael (Kay), or anybody who has actually
    worked with XSLT 1.0 processors in the presence of XSLT 2.0
    stylesheets, will tell you, they didn’t get it completely
    right, and the parts they did get right weren’t always
    correctly implemented, but ask yourself: “Which set of users
    is currently in a better situation in the presence of new
    constructs?  The users of XSD 1.0 or the users of XSLT 1.0?”
    I am in both sets, and I tell you I am a lot happier as an XSLT
    programmer than I am as a schema writer, because the one way to be
    absolutely sure of getting it entirely wrong is to say nothing in
    a misguided attempt to leave all of your options open.

  
  There comes a time for opening things up, and there is a time
  for closing things down.  One part of growing up is realizing that
  some problems don’t have a permanent solution, so the times
  for opening things up and the times for closing things down are
  likely to alternate, and you’ll have to decide what kind of
  time is this.  We’re not going to find any permanent
  solution to the problem of deciding which kinds of freedom we have
  to preserve and which kinds of voluntary slavery are worth entering
  into.  Those are questions that require human judgment.  One of the
  things we can do as technology people is to help make tools that
  will support that human judgment and allow humans to make human and
  humane judgments and not be consumed by clerical work.  To make
  those tools we are, from time to time, going to have to close down
  some possibilities, to keep things as simple as they can be (but
  remember security), to take a stand, to put a stake in the ground,
  to risk an ink blot, to work not just at a metalanguage level or the
  meta-metalanguage level or the meta-meta-metalanguage level, but
  — gasp! — at the object level, to write real documents
  and real vocabularies and to say relatively concrete things about
  relatively concrete entities.

  
  Right now it’s time to close down Balisage 2011 so you
  can all go home and do that work.  Soon enough it will be time for
  the pendulum to swing in the other direction, when what you will
  want to do is to think about the new things that you learned here
  that you haven’t thought before, to look at your problems
  from a new angle, to open up your mind again to new possibilities.
  I can think of a really good place to open up your mind to new
  possibilities, to do that kind of thing. So “So long!”
  and I look forward to seeing you in Montréal for Balisage
  2012.
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            Abstract
The web is hyperlinks for the masses. 

            Hyperlinks are an old concept that has been invented before the web and to achieve this remarkable success, the web had to come out
                with a very simplified version of hyperlinks.

            In the process a lot of features have been lost and some of them, such as the possibility to link to multiple targets have been
                lost.

            This talk proposes to use modern techniques to regain this ability while remaining conform to existing standards and running in
                existing browsers. 

        
        Copyright © 2011 by the author. Used with permission.

     
    
        Introduction

        I am a webaholic: the web has changed my life and it has
            changed the way I write: links are disruptive and my writing is no longer the same since I can use them.

        Before the web (and before the links) you had to be very careful to be understood and introduce all the words that were not commonly
            known or disambiguate those that could be ambiguous.

        Now that we have links, we can use them for these two purposes and concentrate on the message we express. This leads to a new
            conciseness that I love.

        Unfortunately when you use links a lot you run rapidly into trouble...

        The other day, I was writing a blog post to announce that my paper had been accepted at XPL Prague:

        
            Just got the confirmation that I'll be presenting a paper on XQuery injection at XML Prague March 26th or 27th.

            
        See you in Prague

        While typing the obvious question arose: where should I link "XQuery" to?

        
            	
                To Wikipedia which is usually a good choice because it provides cool URIs (that don't change) and pages that introduce a
                    subject?

            

            	
                To the W3C recommendation which is another cool URI (that doesn't change) and is the normative reference but isn't an
                    introductory material?

            

            	
                Elsewhere (to the XQuery tag on my blog, to the W3C XML Query Working Group,...)?

            

        

        And, for versioned resources such as Wikipedia pages or W3C recommendations should I link to the current version at the date when I
            wrote the blog entry or to an updated, latest version?

        All these choices make sense but (X)HTML imposes to chose one and only one target for a link!

        The problem got worse when I was typing "XML Prague" because I had to choose between:

        
            	
                Linking "XML" and "Prague" separately (and again, to which target? Wikipedia, the W3C recommendation, the XML category for
                    "XML"; Wikipedia, tourist office, ... for "Prague")

            

            	
                Linking "XML Prague" as a whole to the conference web site or the tag on my blog.

            

        

        This issue of embedded links seems really tough and I think I could live with it but wanted to mention it for completeness.

        The problem can also get worse when I write in French because I often want to give the choice between targets in French and targets in
            English when they are higher quality...

        In other words: one href is not enough, we need n hrefs!

        Am I asking too much?

        I don't think so, my requirements are legitimate and generic: I want to be able to write simple sentences using the words that are
            relevant in my domain(s) while using links to give to my readers the ability to discover the meaning of the words that they don't know,
            browse authoritative resources to deepen or extend their knowledge or find out relative pages that I have written.

        Furthermore this is an old issue already addressed in SGML world by HyTime and acknowledged by the W3C back in 1997!

        What happened then?

        The topic has always been considered touchy and the first working draft published in April 97 as "Extensible Markup Language (XML): Part
            2. Linking" notes:

        
            Please be advised that the draft you are now reading is unusually volatile. The debating and balloting process
                which determines the material contents is far from complete, and is nonetheless substantially ahead of the editing process that turns
                the material contents into usable specification language.

            
        Extensible Markup Language (XML): Part 2.
                Linking

        The content was indeed so volatile that the specification was taken out of the XML recommendation and eventually became a recommendation
            no less that four years after in June 2001. This recommendation, known as XLink, does address what I need:

        
            This specification defines the XML Linking Language (XLink), which allows elements to be inserted into XML documents in order to
                create and describe links between resources. It uses XML syntax to create structures that can describe links similar to the simple
                unidirectional hyperlinks of today's HTML, as well as more sophisticated links.

            
        XML Linking Language (XLink) Version 1.0

        Unfortunately, without wanting to start a flame war nor blame anyone, I think it is fair to say that the syntax of these sophisticated links mentioned in this introduction and known as
            "extended links" is so complex that they are considered unusable by most of us XML geeks and have no chance to be embedded in real world (X)HTML pages. If you're not convinced by this bold
            statement, please hold on: I'll come back on extended XLinks in a while... 

        Is this topic doomed then? How can we go through when previous attempts seem to have all failed?

        Ten years have passed since 2001 and one of the things we've learned is to hijack existing technologies to do what we need! Some
            hijacking technologies have even become de facto standards... Why not call them to the rescue?

        In other words, why not use microformats, RDFa or HTML5's microdata to specify these "sophisticated links" that are missing to
            XML?

    
    
        Requirements

        Please take the remaining of this paper as a demonstration of how this problem could be handled rather than a final proposition...

        The requirements that are chosen here are arbitrary: they meet what I find important as I write these lines and are subject to discussion but I am confident that the same method can be
            used with different requirements sets as long as they remain "reasonably" simple!

        The requirements for this exercise can be summarized as defining a (X)HTML jargon (microformat, RDFa, microdata, ...) that:

        
            	
                Expresses inline links with multiple arcs between (X)HTML fragments and several link ends.

            

            	
                Can be processed by a simple JavaScript library to be displayed in a fancy way.

            

            	
                Degrades nicely and remains readable when not processed by such a library.

            

            	
                Plays well with search engines.

            

            	
                Do not requires server storage.

            

            	
                If possible, provides a way to annotate the arcs (to provide arc roles, the language of link ends or other informations).

            

            	
                If possible, support embedded links.

            

        

        The general idea is to keep the thing as simple as possible while maintaining good practices!

        Requirement 3 excludes solutions such as pluralink that package multiple links into a single href attribute and is not "degradable" since the link doesn't work if it
            isn't processed by a script.

        Requirements 3 and 4 can be contradictory. Taken alone, point 3 would lead to defining a jargon that would replace "XQuery" by
            "XQuery [Wikipedia, W3C]" with links between the words "Wikipedia" and "W3C" and (respectively) the article about XQuery on Wikipedia and
            the XQuery W3C recommendation but the practice may be considered as an almost as poor as the infamous "Click here" practice!

        Requirement 4 will thus lead to more verbose alternatives such as "XQuery [XQuery on Wikipedia, XQuery W3C Recommendation]" with links
            on "XQuery on Wikipedia" and "XQuery W3C Recommendation".

        Requirement 5 excludes services such as http://www.multiurl.com/ that are similar to URL
            shorteners with the additional possibility to define multiple targets.

        
            This is a simplified set of requirements and that do not take into account chained links such as the relation between a page and its archive or translation. In this first version the
                arcs are between a document fragment and multiple resources that are all at the same level. In a next iteration, we'll have to see how this can be extended to introduce relations
                between linked resources.

        
    
    
        First Step: Without Embedded Links

        Let's first keep things simple and explore simple implementations for microformats, RDFa and microdata.

        In each case, we will present the markup to express an nhrefs link and the corresponding JavaScript implementation.

        This implementation will loop over nhrefs links and for each link it will hide the original markup but keep it intact so that other
            scripts could access the information for other purposes if that was necessary. For each link, a dialog will be created and a simple link
            will be added to open this dialog.

    
    
        Kissing with Microformat

        The good thing with microformats is that their "balisage" is flexible and they often can be kept as simple as possible...

        In our case, the following seems to be good enough (indentation has been added to make the code more readable):

        <span class="nhrefs">
    <span class="source">XQuery</span> 
    [
        <a href="http://en.wikipedia.org/wiki/XQuery" class="arc" rel="wikipedia">XQuery on Wikipedia</a>, 
        <a href="http://www.w3.org/TR/xquery/" class="arc" rel="authoritative">XQuery W3C Recommendation</a>
    ]
</span>

        Where:

        
            
                	span.nhrefs

                	
                    Is the container for an extended link.

                

            

            
                	span.source

                	
                    Is the source of the link (the link start if you prefer). This source is always local to the document.

                

            

            
                	a.arc

                	
                    Is an arc.

                

            

            
                	a.arc/@rel

                	
                    Is the arc role (using curies and/or a set of well known common roles).

                

            

            
                	a.arc/@href

                	
                    Is the URL of the arc destination.

                

            

            
                	a.arc/node()

                	
                    Is the label of the arc end.

                

            

        

        This format degrades reasonably well when it is not processed by any kind of script:

        [image: Microformat not processed by a script]
                
            
Figure 1.Microformat not processed by a scriptSnapshot of my blog using this microformat to link the word "XQuery" to its Wikipedia definition and its W3C recommendation when
                    the page is not processed by a script.


        With a simple JavaScript function, this text can be streamlined into:

        [image: Microformat processed by a script]
                
            
Figure 2.Microformat processed by a scriptSnapshot of my blog using this microformat to link the word "XQuery" to its Wikipedia definition and its W3C recommendation and
                    streamlined by a script.


        This script opens a dialog when you click on link that has been generated around the word "XQuery":

        [image: Microformat processed by a script after a click]
                
            
Figure 3.Microformat processed by a script after a clickSnapshot of my blog using this microformat to link the word "XQuery" to its Wikipedia definition and its W3C recommendation,
                    streamlined by a script and after a click.


        If you wonder the level of complexity of such a script, here is a version that uses jQuery (the code could probably be further
            simplified: I am not a jQuery expert):

        jQuery(document).ready(function() {
 
    jQuery('.nhrefs')
        .each(function() {
    
            var span = jQuery(this);
            span.hide();
            var source = jQuery('.source', this).text();
            var link = jQuery(span.before('<a href="">'+ source +'</a>')[0].previousSibling);
            var dialog = jQuery(span.before('<div title="Links for &quot;'+ source + '&quot;"><ul /> </div>')[0].previousSibling);
            var list = jQuery('ul', dialog);
            jQuery('a.arc', this)
                .each(function(){
                    list.append('<li><a href="' + this.href + '">' + this.text + '</a>');
                });
            dialog.dialog({ autoOpen: false });
            link.click(function() {
                dialog.dialog("open");
                return false;
            }); 
        });

 });

    
    
        Tripling with RDFa

        The good thing with RDFa is that assertions can be extracted using any tool of a generic toolbox.

        The price to pay is that your markup needs to follow a set of rules that are much more rigid than those of microformats...

        In our case, here is the simplest markup I have been able to produce (enhancements welcome, especially if they simplify the
            source!):

        <span typeof="nhrefs:link">
    <span property="nhrefs:source">XQuery</span> 
    <span rel="nhrefs:hasarc">
        [<span typeof="nhrefs:arc">
            <a href="http://en.wikipedia.org/wiki/XQuery" rel="nhrefs:dest" property="nhrefs:title">XQuery on Wikipedia</a> 
            <span rel="nhrefs:role" resource="nhrefs:wikipedia"><span>
        </span>, 
        <span typeof="typeof:arc">
            <a href="http://www.w3.org/TR/xquery/" rel="nhrefs:dest" property="nhrefs:title">XQuery W3C Recommendation</a>
            <span rel="nhrefs:role" resource="nhrefs:authoritative"></span>
        </span>]
    </span>
</span>

            This code get displayed exactly like its microformat counterpart when it is not processed by a script.

        Although this snippet is more verbose than its microformat equivalent, it is arguably more "auto documented" and any reader (human or
            not) familiar with RDFa can understand that we have here a "nhrefs:link" with a source and a couple of arcs... 

        Here is how Raptor RDF sees it (with some help from Graphviz):

        [image: An Nhrefs Link expressed in RDFa]
                
            
Figure 4.An Nhrefs Link expressed in RDFaThe example previous example parsed by Raptor RDF and visualized by Graphviz.


            More concisely, it can be represented in turtle as:

            @prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix : <http://www.w3.org/1999/xhtml> .
@prefix nhrefs: <http://nhrefs.org/> .

[]
    nhrefs:hasarc [
        nhrefs:dest <http://www.w3.org/TR/xquery/> ;
        nhrefs:role <nhrefs:authoritative> ;
        nhrefs:title "XQuery W3C Recommendation"
    ], [
        nhrefs:dest <http://en.wikipedia.org/wiki/XQuery> ;
        nhrefs:role <nhrefs:wikipedia> ;
        nhrefs:title "XQuery on Wikipedia" ;
        a nhrefs:arc
    ] ;
    nhrefs:source "XQuery" ;
    a nhrefs:link .


        Nice, don't you think so? 

            To be honest, there is a flaw in this model: the arcs are embedded in a blank node without using any container and in that case RDF
                specifies that the triples are unordered. In other words, there is no guarantee that the relative order of the arcs will be
                kept.

            Neither the current recommendation (RDFa1.0) nor the latest RDFa 1.1 Working Draft support containers but a proposal has been made on the RDFa wiki and I do hope that this most needed feature will be added to RDFa at some
                point.

            This is only a problem as far as authors expect this order to be preserved (which is probably the case) and if we use a RDF library
                that may change this order (which is not the case of the library that we'll be using) but this is still a flaw. 

            A RDF library... Yep, let's see how you parse that kind of thing in JavaScript!

        It could be tempting to use a library such as jQuery and just adapt what we've done for microformats to query the RDFa attributes in
            stead of the class attributes that drive microformats...

        This would work on this example but unless you are ready to reimplement a RDFa parser that wouldn't work with models that would express
            the same set of triples using different RDFa syntaxes: even supporting a different namespace prefix than "nhrefs" would require extra
            work.

        The best way to avoid these issues is to use a RDFa parser and, if you enjoy jQuery, Jeni Tennison's rdfQuery is definitely for you since it comes as a kind of
                jQuery add-on and shares its syntax.

        RdfQuery also borrows a lot from SPARQL and to get the nhrefs links with their sources, you can write:

            var rdf = jQuery(document)
        .rdf()
        .prefix('nhrefs', 'http://nhrefs.org/')
        .where('?link a nhrefs:link')
        .where('?link nhrefs:source ?source');


        In RdfQuery like in SPARQL, query results are sets of resources and literals rather than triples. These resources and literals cannot be
            mapped back to DOM nodes in the (X)HTML document and you need to go back to the triples for that.

        In our case, the outer span element for the link is the element that carries the type information:

        <span typeof="nhrefs:link">
...
</span>

        A triple directly generated by this element is:

        ?link a nhrefs:link

        And to get the span element (to hide it and prepend the dialog and replacement link), you can query this triple and use its source
            attribute:

            rdf
        .each(function(){
            var span = jQuery(rdf.reset().where(this.link.value + ' a nhrefs:link').sources()[0][0].source);
            span.hide();


        After that, you can perform a sub query to find the arcs and create the dialog with the query results. The remaining of the function is
            straightforward and the complete code is:

        jQuery(document).ready(function() {

    var rdf = jQuery(document)
        .rdf()
        .prefix('nhrefs', 'http://nhrefs.org/')
        .where('?link a nhrefs:link')
        .where('?link nhrefs:source ?source');
    rdf
        .each(function(){
            var span = jQuery(rdf.reset().where(this.link.value + ' a nhrefs:link').sources()[0][0].source);
            span.hide();
            var link = jQuery(span.before('<a href="">'+this.source.value+'</a>')[0].previousSibling);
            var dialog = jQuery(span.before('<div title="Links for &quot;'+ this.source.value + '&quot;"><ul /> </div>')[0].previousSibling);
            var list = jQuery('ul', dialog);
            rdf
                .reset()
                .where(this.link.value + ' nhrefs:hasarc ?arc')
                .where('?arc nhrefs:title ?title')
                .where('?arc nhrefs:dest ?dest')
                .each(function(){
                    list.append('<li><a href="' + this.dest.value + '">' + this.title.value + '</a>');
                });
            dialog.dialog({ autoOpen: false });
            link.click(function() {
                dialog.dialog("open");
                return false;
            }); 

            var x = this;
        });
});

        Again, this code is more verbose than its microformat counterpart, but the links properties are accessed using proper queries over
            formal properties and that seems more robust than just relying on (X)HTML classes.

    
    
        Bleeding with microdata

        HTML5's microdata is arguably the most bleeding edge of these somewhat competing technologies. Although HTML5 isn't there yet, microdata
                can be used with libraries such as HTML5 Microdata JavaScript.

        Some HTML5 specific features such as using meta elements within page bodies can't be used (because these elements are considered bogus
            and are stripped down by browsers) and need to be workaround. However, the result is still reasonably simple:

        <span itemscope="itemscope" itemtype="http://nhrefs.org/link">
    <span itemprop="source">XQuery</span> 
    [<span itemscope="itemscope" itemprop="arc">
        <a href="http://en.wikipedia.org/wiki/XQuery" itemprop="dest">
            <span itemprop="title">XQuery on Wikipedia</span>
        </a> 
        <a href="http://nhrefs.org/wikipedia" itemprop="role" ></a>
    </span>, 
    <span itemscope="itemscope" itemprop="arc">
        <a href="http://www.w3.org/TR/xquery/" itemprop="dest">
            <span itemprop="title">XQuery W3C Recommendation</span>
        </a>
        <a href="http://nhrefs.org/authoritative" itemprop="role" ></a>
        <!--<meta itemprop="role" content="authoritative"/>-->
    </span>]
</span>

            This code get displayed exactly like its microformat and RDFa counterparts when it is not processed by a script.

        The microdata jQuery library is fairly simple to use and the code to process these links is very similar to what we've seen so
            far:

        jQuery(document).ready(function() {

    jQuery(document)
        .items('http://nhrefs.org/link')
        .each(function(){
            var span = jQuery(this);
            span.hide();
            var source = span.properties('source').itemValue();
            var link = jQuery(span.before('<a href="">'+ source +'</a>')[0].previousSibling);
            var dialog = jQuery(span.before('<div title="Links for &quot;'+ source + '&quot;"><ul /> </div>')[0].previousSibling);
            var list = jQuery('ul', dialog);
            span
                .properties('arc')
                .each(function(){
                    var arc = jQuery(this);
                    list.append('<li><a href="' + arc.properties('dest').itemValue() + '">' + arc.properties('title').itemValue() + '</a>');
                });
            dialog.dialog({ autoOpen: false });
            link.click(function() {
                dialog.dialog("open");
                return false;
            }); 
        });


});

    
        
            Why not extended XLinks after all?

            Now that we've seen the level of simplicity (or complexity) of three different approaches, let's go back and revisit extended XLinks.

            To express an extended link, you need to define :

                    	
                        The extended link itself that will serve as a container.

                    

                    	
                        Link ends that can be either local to the link or external. In our case, the source (i.e. the span containing the text "XQuery") can be defined as a local resource and
                            the targets will necessarily be defined as external resources (aka XLink "locators").

                    

                    	
                        The arcs between the link ends.

                    

                

            As far as XLink is concerned, a simple way to define these links in a XHTML document could be:

            <!-- An extended link -->
<span xlink:type="extended" 
      xlink:role="http://nhrefs.org/link/">
   <!-- Source (local resource) -->
   <span xlink:type="resource" 
         xlink:role="http://nhrefs.org/source/" 
         xlink:label="source">XQuery</span>
   <!-- Targets (remote resources aka locators) -->
   <span xlink:href="http://en.wikipedia.org/wiki/XQuery" 
         xlink:type="locator" 
         xlink:role="http://nhrefs.org/target/wikipedia/" 
         xlink:label="target" 
         xlink:title="XQuery on Wikipedia" > </span> 
   <span xlink:href="http://www.w3.org/TR/xquery/" 
         xlink:type="locator" 
         xlink:role="http://nhrefs.org/target/authoritative/" 
         xlink:label="target" 
         xlink:title="XQuery W3C Recommendation"> </span>
   <!-- Arcs -->
   <span xlink:type="arc" 
         xlink:from="source" 
         xlink:to="target"> </span>
</span> 

            As far as I understand the XLink recommendation, this is enough to express what we want. That's not so bad and we could argue that the level of complexity is similar to what we've
                seen so far.

            Unfortunately, I am not aware of any existing implementation that can process this markup and display what we want to display. Browsers just ignore extended links and won't display
                anything more than the word "XQuery" from this markup.

            To get a degraded display similar to what we had with microformats, RDFa or microdata, we need to repeat the target titles and href attributes :
<!-- An extended link -->
<span xlink:type="extended" 
       xlink:role="http://nhrefs.org/link/">
  <!-- The source -->
  <span xlink:type="resource" 
        xlink:role="http://nhrefs.org/source/" 
        xlink:label="source">XQuery</span> [
  <!-- The targets -->
  <a href="http://en.wikipedia.org/wiki/XQuery" 
     title="XQuery on Wikipedia"
     xlink:href="http://en.wikipedia.org/wiki/XQuery" 
     xlink:type="locator" 
     xlink:role="http://nhrefs.org/target/wikipedia/" 
     xlink:label="target" 
     xlink:title="XQuery on Wikipedia" >XQuery on Wikipedia</a>, 
  <a href="http://www.w3.org/TR/xquery/" 
     title="XQuery W3C Recommendation"
     xlink:href="http://www.w3.org/TR/xquery/" 
     xlink:type="locator" 
     xlink:role="http://nhrefs.org/target/authoritative/" 
     xlink:label="target" 
     xlink:title="XQuery W3C Recommendation">XQuery W3C Recommendation</a>]
  <!-- The arcs -->
  <span xlink:type="arc" 
        xlink:from="source" 
        xlink:to="target"> </span>
</span>

            Here we have a XHTML fragment that will get displayed with the degraded display than we have requested in our requirements and has the meaning that we want to convey for XLink
                implementations.

            The price to pay in term of complexity is clearly visible when we compare this fragment to what we've seen before. 

            In addition to the markup complexity, I am not aware of any JavaScript implementation of extended XLinks on which we can rely to process this fragment like we did for the other
                technologies and we might have to develop our own JavaScript implementation

            If the downsides are clearly visible, the benefit is not that obvious!

            Except for being proud to be conform to a W3C recommendation and hoping to convince more people to use it, what's the benefit of using a recommendation that has almost no traction? 

        
    
    
        Next Step: Embedding

        A simple way to represent embedded links is to embed nhrefs links with the source property of another nhrefs link.

        OK, but how should we present such embedded links to the user?

        Taking back the example of "XML Prague", we could differentiate the link on "XML" that would present resources about XML and resources
            about XML Prague and the link on "Prague" that would present resources about Prague and resources about XML Prague. However, this would be
            displayed by the browser as one link (or at best two links separated by a space) and users would very likely miss the difference between
            these two links.

        To avoid this issue, I suggest that we display the same dialog on all the terms of embedded links. That dialog will display all the
            links for all the terms but can group the links per term.

        
            Microformat

            Following these principles, the markup would be:

            <span class="nhrefs">
    <span class="source">
        <span class="nhrefs">
            <span class="source">XML</span> 
            [
                <a href="http://en.wikipedia.org/wiki/XML" class="arc" rel="wikipedia">XML on Wikipedia</a>, 
                <a href="http://www.w3.org/XML/" class="arc" rel="informative">W3C XML Home Page</a>
                <a href="http://www.w3.org/TR/REC-xml/" class="arc" rel="authoritative">XML 1.0 recommendation</a>
            ]
        </span>
        <span class="nhrefs">
            <span class="source">Prague</span> 
            [
                <a href="http://en.wikipedia.org/wiki/Prague" class="arc" rel="wikipedia">Prague on Wikipedia</a>, 
                <a href="http://wikitravel.org/en/Prague" class="arc" rel="informative">Prague travel guide on Wikitravel</a>
            ]
        </span>
    </span> 
    [
        <a href="http://www.xmlprague.cz/" class="arc" rel="authoritative">XML Prague</a>, 
        <a href="http://www.xmlprague.cz/2011/index.html" class="arc" rel="authoritative">XML Prague 2011</a>
    ]
</span>

            I must admit that the result becomes much less readable when it not processed by a script and that some CSS might be used to improve
                that:

            [image: Embedded nhrefs links not processed by a script]
                    
                
Figure 5.Embedded nhrefs links not processed by a scriptSnapshot of my blog using embedded links on XML, Prague end XML Prague.


            Of course things get better after being processed by an updated version of the script: 

            [image: Embedded nhrefs links processed by a script]
                    
                
Figure 6.Embedded nhrefs links processed by a scriptSnapshot of my blog using embedded links on XML, Prague end XML Prague after the links have been processed in
                        JavaScript.
The script itself is now 68 lines long. Compared to the 24 lines it took previously we can say that supporting embedded
                        links has added a lot of complexity. Most of this complexity is due to the support of the grouping of the links. 
68 lines is too much code to copy into this paper,  however the size of the script is still very reasonable!


            
        
        
            RDFa

            This can be ported to RDFa by creating bnodes as nhrefs:source that will themselves be nhrefs:links:

            <span typeof="nhrefs:link">
    <span rel="nhrefs:source">
        <span typeof="nhrefs:link">
          <span property="nhrefs:source">XML</span> 
          <span rel="nhrefs:hasarc">
              [<span typeof="nhrefs:arc">
                  <a href="http://en.wikipedia.org/wiki/XML" rel="nhrefs:dest" property="nhrefs:title">XML on Wikipedia</a> 
                  <span rel="nhrefs:role" resource="nhrefs:wikipedia" ></span>
              </span>, 
              <span typeof="nhrefs:arc">
                  <a href="http://www.w3.org/XML/" rel="nhrefs:dest" property="nhrefs:title">W3C XML Home Page</a>
                  <span rel="nhrefs:role" resource="nhrefs:informative" ></span>
              </span>,
              <span typeof="nhrefs:arc">
                  <a href="http://www.w3.org/TR/REC-xml/" rel="nhrefs:dest" property="nhrefs:title">XML 1.0 Recommendation</a>
                  <span rel="nhrefs:role" resource="nhrefs:authoritative" ></span>
              </span>]
          </span>
         </span>
        <span typeof="nhrefs:link">
            <span property="nhrefs:source">Prague</span> 
            <span rel="nhrefs:hasarc">
                [<span typeof="nhrefs:arc">
                    <a href="http://en.wikipedia.org/wiki/Prague" rel="nhrefs:dest" property="nhrefs:title">Prague on Wikipedia</a> 
                    <span rel="nhrefs:role" resource="nhrefs:wikipedia" ></span>
                </span>, 
                <span typeof="nhrefs:arc">
                    <a href="http://wikitravel.org/en/Prague" rel="nhrefs:dest" property="nhrefs:title">Prague travel guide on Wikitravel</a>
                    <span rel="nhrefs:role" resource="nhrefs:informative" ></span>
                </span>]
            </span>
        </span>            
    </span>
    <span rel="nhrefs:hasarc">
        [<span typeof="nhrefs:arc">
            <a href="http://www.xmlprague.cz/" rel="nhrefs:dest" property="nhrefs:title">XML Prague</a> 
            <span rel="nhrefs:role" resource="nhrefs:authoritative" ></span>
        </span>, 
        <span typeof="typeof:arc">
            <a href="http://www.xmlprague.cz/2011/index.html" rel="nhrefs:dest" property="nhrefs:title">XML Prague 2011</a>
            <span rel="nhrefs:role" resource="nhrefs:authoritative" ></span>
        </span>]
    </span>
</span>

            The model has now 41 triples and its graphical representation is hardly readable but its turtle representation is still readable: 

            @prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
@prefix : <http://www.w3.org/1999/xhtml> .
@prefix nhrefs: <http://nhrefs.org/> .

[]
    nhrefs:hasarc [
        nhrefs:dest <http://www.xmlprague.cz/2011/index.html> ;
        nhrefs:role <nhrefs:authoritative> ;
        nhrefs:title "XML Prague 2011"
    ], [
        nhrefs:dest <http://www.xmlprague.cz/> ;
        nhrefs:role <nhrefs:authoritative> ;
        nhrefs:title "XML Prague" ;
        a nhrefs:arc
    ] ;
    nhrefs:source [
        nhrefs:hasarc [
            nhrefs:dest <http://en.wikipedia.org/wiki/XML> ;
            nhrefs:role <nhrefs:wikipedia> ;
            nhrefs:title "XML on Wikipedia" ;
            a nhrefs:arc
        ], [
            nhrefs:dest <http://www.w3.org/XML/> ;
            nhrefs:role <nhrefs:informative> ;
            nhrefs:title "W3C XML Home Page" ;
            a nhrefs:arc
        ], [
            nhrefs:dest <http://www.w3.org/TR/REC-xml/> ;
            nhrefs:role <nhrefs:authoritative> ;
            nhrefs:title "XML 1.0 Recommendation" ;
            a nhrefs:arc
        ] ;
        nhrefs:source "XML" ;
        a nhrefs:link
    ], [
        nhrefs:hasarc [
            nhrefs:dest <http://wikitravel.org/en/Prague> ;
            nhrefs:role <nhrefs:informative> ;
            nhrefs:title "Prague travel guide on Wikitravel" ;
            a nhrefs:arc
        ], [
            nhrefs:dest <http://en.wikipedia.org/wiki/Prague> ;
            nhrefs:role <nhrefs:wikipedia> ;
            nhrefs:title "Prague on Wikipedia" ;
            a nhrefs:arc
        ] ;
        nhrefs:source "Prague" ;
        a nhrefs:link
    ] ;
    a nhrefs:link .


            Of course, we are bitten again by the same limitation: the links that compose sources are unordered and in theory there is no
                guarantee that when we generate the title for composed links we won't generate "Prague XML" instead of "XML Prague"!

            The JavaScript is 80 lines long (compared to 30).

        
        
            Microdata

            This can be ported to microdata:

            <html xmlns="http://www.w3.org/1999/xhtml" xmlns:nhrefs="http://nhrefs.org/">

<span itemscope="itemscope" itemtype="http://nhrefs.org/link">
    <span itemprop="source" itemscope="itemscope" itemtype="http://nhrefs.org/link">
        <span itemprop="source">XML</span> 
        [<span itemscope="itemscope" itemprop="arc">
            <a href="http://en.wikipedia.org/wiki/XML" itemprop="dest">
                <span itemprop="title">XML on Wikipedia</span>
            </a> 
            <a href="http://nhrefs.org/wikipedia" itemprop="role" ></a>
        </span>, 
        <span itemscope="itemscope" itemprop="arc">
            <a href="http://www.w3.org/XML" itemprop="dest">
                <span itemprop="title">W3C XML Home Page</span>
            </a>
            <a href="http://nhrefs.org/informative" itemprop="role" ></a>
        </span>,
        <span itemscope="itemscope" itemprop="arc">
            <a href="http://www.w3.org/TR/REC-xml/" itemprop="dest">
                <span itemprop="title">XML W3C Recommendation</span>
            </a>
            <a href="http://nhrefs.org/authoritative" itemprop="role" ></a>
        </span>]
    </span> 
    <span itemprop="source" itemscope="itemscope" itemtype="http://nhrefs.org/link">
        <span itemprop="source">Prague</span> 
        [<span itemscope="itemscope" itemprop="arc">
            <a href="http://en.wikipedia.org/wiki/Prague" itemprop="dest">
                <span itemprop="title">Prague on Wikipedia</span>
            </a> 
            <a href="http://nhrefs.org/wikipedia" itemprop="role" ></a>
        </span>, 
        <span itemscope="itemscope" itemprop="arc">
            <a href="hhttp://wikitravel.org/en/Prague" itemprop="dest">
                <span itemprop="title">Prague travel guide on Wikitravel</span>
            </a>
            <a href="http://nhrefs.org/informative" itemprop="role" ></a>
        </span>]
    </span> 
    [<span itemscope="itemscope" itemprop="arc">
        <a href="http://www.xmlprague.cz/" itemprop="dest">
            <span itemprop="title">XML Prague</span>
        </a> 
        <a href="http://nhrefs.org/authoritative" itemprop="role" ></a>
    </span>, 
    <span itemscope="itemscope" itemprop="arc">
        <a href="http://www.xmlprague.cz/2011/index.html" itemprop="dest">
            <span itemprop="title">XML Prague 2011</span>
        </a>
        <a href="http://nhrefs.org/authoritative" itemprop="role" ></a>
    </span>]
</span>

            The JavaScript is now 77 lines long (compared to 24).

        
    
    
        Next Steps

        All three techniques provide a lightweight solution to express links with multiple arcs that are easy to parse in JavaScript. Now, what
            can we do with all these angle brackets?

        The first conclusion is that for this application there is no clear winner between microformats, RDFa and microdata:

        
            	
                Microformats are less verbose and more "free style". The price to pay is that you need to read the spec to understand the
                    structure of each of them and need to use DOM level methods to get your information.

            

            	
                Microdata and RDFa have roughly the same level of verbosity.

            

            	
                RDFa and microdata are more rigid and more verbose. The benefit is that if you use the right library you can parse their
                    structure with higher level methods.

            

            	
                In theory, RDFa doesn't preserve the relative order between arcs and multi part sources.

            

            	
                Microdata isn't at recommendation stage yet and may change.

            

            	
                With RDFa, it is straightforward to extract link information as triples and use semantic web tools to do all kind of funky
                    things with them.

            

            	
                In the future, microdata will probably be natively supported by browsers. 

            

        

        The most sensible choice is probably to make no choice and support all three technologies!

        OK, but what can we do with all these angle brackets?

        The markup should be further documented and it can be seen as an open API between:

        
            	
                Consumers (such as the scripts that have been presented here) that parse the markup to do all kind of interesting things.

            

            	
                Producers that write this markup which isn't really fun to write by hand.

            

        

        The consumers that we've seen should be documented and tested before they can be considered really usable.

        Producers need to be implemented. Producers for popular web publishing platforms would be especially useful. For these platforms, two
            kind of publishers could be developed:

        
            	
                Transformers that transform other markup into one of these three formats. In WordPress for instance nhrefs links could be
                    expressed using shortcodes in the posts.

            

            	
                GUI that let user create nhrefs links is a friendly way.

            

        

        Producers and consumers could also be packaged as plug-ins for web publishing platforms. Such a plug-in would contain:

        
            	
                A producer to facilitate the production of nhrefs markup by the platform.

            

            	
                The JavaScript to display the links on the browser.

            

        

        This is more or less my roadmap for this project. If you are interested, watch this space: http://nhrefs.org!
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      Abstract
We all know (and worry) about SQL injection, but should we also worry about XQuery injection?


      With the power of extension functions and the implementation of XQuery update features, the answer is clearly yes! We will see how an attacker can send information to an external site or
        erase a collection through XQuery injection on a naive and unprotected application using the eXist-db REST API.


      That's the bad news...


      The good news is that it's quite easy to protect your application from XQuery injection after this word of warning. We'll discuss a number of simple techniques (literal string escaping,
        wrapping values into elements or moving them out of queries in HTTP parameters) and see how to implement them in different environments covering traditional programming languages, XSLT, XForms
        and pipeline languages.

    
    Copyright © 2011 by the author. Used with permission.

   
  
    I am not a security expert and, as far as I know, the domain covered by this paper is very new. The list of attacks and counter attacks mentioned hereafter is nothing more than the list of
      attacks and counter attacks I can think of. This list is certainly not exhaustive and following its advise is by no means a guarantee that you'll be safe! If you see (or
      think of) other attacks or solutions, drop me an email so that I may improve the next versions of this document.

  
  Many thanks to Alessandro Vernet (Orbeon) for the time he has spent discussing these issues with me and for suggesting to rely on query string parameters and to Adam Retter (eXist-db
    developer) for his thorough review of this paper!


  
    Code Injection


    Wikipedia defines code injection as:


    the exploitation of a computer bug that is caused by processing invalid data. Code injection can be used by an attacker to introduce (or "inject") code into a computer program to
        change the course of execution. The results of a code injection attack can be disastrous. For instance, code injection is used by some computer worms to propagate.


    SQL injection is arguably the most common example of code injection since it can potentially affect any web application or
      website accessing a SQL database including all the widespread AMP systems.

    The second well known example of code injection is Cross Site Scripting (XSS) which could be called "HTML and
      JavaScript injection".

    According to the Web Hacking Incident Database, SQL injection is the number one attack
      method involved in 20% of the web attacks and Cross Site Scripting is number two with 13% suggesting that code injection techniques are involved in more than 1 out of 3 attacks on the web. 

    If it's difficult to find any mention of XQuery injection on the web, it's probably because so few websites are powered by XML databases but also because of the false assumption that XQuery
      is a read only language and that its expression power is limited, meaning that the consequences of XQuery injection attacks would remain limited. 

    This assumption must be revised now that XML databases have started implementing XQuery Update Facilities and that XQuery
      engines (either databases, libraries such as Saxon or middleware such as BEA Weblogic) have extensive extension function libraries which let them communicate with the external world!
      Furthermore, when you think about it, even the good old XSLT 1.0 document() function or its XPath 2.0/XQuery 1.0 doc() friend are potential risks. 


  

  
    Example of XQuery Injection

    
      Scenario

      If you develop an application that requires user interaction, you will probably need sooner or later some kind of user authentication, and if your application is powered by an XML
        database, you may want to store user information in this database.

      
        There are two ways to rely on a database for user authentication: you can either store user and password information in the database (like any other information) or rely on the database
          internal security mechanism. The authentication method used in this example just stores user and password information in the database.

      
      In the Java world, Tomcat comes with a number of so called authentication "realms" for plain files, SQL
        databases or LDAP but there is no realm to use an XML database to store authentication information.

      That's not really an issue since the realm interface is easy to implement. This interface has been designed so that you can store the passwords either as plain text or encrypted. Of
        course, it's safer (and recommended) to store encrypted passwords, but for the sake of this example, let's say you are lazy and store them as plain text. I'll spare you the details, but the
        real meat in your XML database realm will then be to return the password and roles for a user with a given login name.

      If you are using an XML database such as eXist with its REST API, you will end up opening an URL with a Java statement such as:

      new URL("http://localhost:8080/orbeon/exist/rest/db/app/users/?_query=//user[mail=%27" + username + "%27]")

    
    

      Attack

      Let's put on a black hat and try to attack a site powered by an XML database that gives us a login screen such as this one:


      [image: Login Screen]
          
        
Figure 1.Login Screen

      We don't know the precise statement used by the realm to retrieve information or the database structure, but we assume that the authentication injects the content of HTML form somewhere
        into an XQuery as a literal string and hope the injection is done without proper sanitization.

      We don't know either if the programmer has used a single or a double quote to isolate the content of the input form, but since that makes only two possibilities, we will just try
        both.

      The trick is:

      
        	
          to close the literal string with a single or double quote

        

        	
          to add whatever is needed to avoid to raise an XQuery parsing error

        

        	
          to add the XQuery statement that will carry the attack

        

        	
          to add again whatever is needed to avoid to raise a parsing error

        

        	
          to open again a literal string using the same quote

        

      


      Let's take care of the syntactic sugar first.


      We'll assume that the XQuery expression is following this generic pattern:


      <URL>?_query=<PATH>[<SUBPATH> = ' <entry value> ']


      Our entry value can follow this other pattern:


      ' or <ATTACK> or .='


      After injection, the XQuery expression will look like:


      <URL>?_query=<PATH>[<SUBPATH> = '' or <ATTACK> or .='']


      The inner or expression has 3 alternatives. The first one will likely return false (the <SUBPATH> is meant to be the relative path to the user name and most applications won't tolerate
        empty user names in their databases. The XQuery processor will thus pull the trigger and evaluate the attack statement.

      The attack must be an XQuery "Expr" production. That includes FLOWR expressions, but excludes declarations that belong
        to the prologue. In practice, that means that we can't use declare namespace declarations and that we need to embed an extension functions call into elements that declare their
        namespaces.

      What kind of attack can we inject?

      The first kind of attacks we can try won't break anything but export information from the database to the external world.

      With eXist, this is possible using standard extension modules such as the HTTP client module or the mail module. These modules can be activated or deactivated in the eXist configuration
        file and we can't be sure that the attack will work but if one of them is activated we'll be able to export the user collection...

      An attack based on the mail module looks like the following:


      <foo xmlns:mail='http://exist-db.org/xquery/mail'>
{
    let $message :=
    <mail xmlns:util='http://exist-db.org/xquery/util'>
        <from>vdv@dyomedea.com</from>
        <to>vdv@dyomedea.com</to>
        <subject>eXist collection</subject>
        <message>
            <text>The collection is :
{util:serialize(/*, ())}
            </text>
        </message>
    </mail>

return mail:send-email($message, 'localhost', ()) 
}
</foo>


      A similar attack could send the content of the collection on pastebin.com using the HTTP client module.

      To inject the attack, we concatenate the start container string (' or ), the attack itself and the end container string ( or .='), normalize the spaces and paste
        the result into the login entry field.

      The login screen will return a login error, but if we've been lucky we will receive a mail with the full content of the collection on which the query has been run.

      If nothing happened, we might have used the wrong quote and we can try again replacing the single quotes from our container string by double quotes.

      If nothing happens once again, which is the case with the naive REST URL construction used in this example, this might be because the application does not encode the query for URI. In that
        case, we must do it ourselves and encode the string before copying it into the entry field like the XPath 2.0 encode-for-uri() would do.

      And then, bingo:
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Figure 2.New message!

      We have a new message with all the information we need to login:


      [image: The mail]
          
        
Figure 3.The mail


      The second kind of attack we can try uses the same technique deletes information from the database. A very simple and extreme one just erases anything from the collection and leaves empty
        document elements:

      for $u in //user return update delete $u/(@*|node()


      Note that, in both cases, we have not assumed anything about the database structure!

      SQL injection attacks often try to generate errors messages that are displayed within the resulting HTML pages by careless sites and expose information about the database structure but
        that hasn't been necessary so far.

      On this authentication form, generating errors would have been hopeless since Tomcat handles this safely and only exposes a "yes/no" answer to user entries and sends error messages to the
        server log but on other forms this could also be an option, leading to a third kind of attacks.

      If we know the database structure for any reason (this could be because we've successfully leaked information in error messages, because the application's code is open sourced or because
        you've managed to introspect the database using functions such as xmldb;get-child-collections()), we
        can also update user information with forged authentication data:

          let $u := //user[role='orbeon-admin'][1]
        return (
            update value $u/mail with 'eric@example.com',
            update value $u/password with 'foobar'
        ) 

      What about the doc() function?

      It can be used to leak information to the external world:

      'foo' = doc(concat('http://myserver.example.com/?root=', name(/*[1])))

    
  
  
    Protection

    Now that we've seen the harm that these attacks can do, what can we do to prevent them?

    A first set of recommendations is to limit the consequences of these attacks:

    
      	
        Do not store non encrypted passwords.

      

      	
        Use a user with read only permissions to perform read only queries.

      

      	
        Do not enable extensions modules unless you really need them.

      

    

    If the authentication realm of our example had followed these basic recommendations, our attacks would have had limited consequences:

        	
          If the database user used to query the database has no write access the attacker wouldn't have been able to erase the user information.

        

        	
          If the extensions modules that allow to send mails, the attacker wouldn't have been able to send a mail.

        

      
These recommendations are always worth to follow. They can be compared to recommending to avoid leaving valuables in a room but there are cases when you need to do so and that
      doesn't mean that you shouldn't put a lock on the room's door!

    To block the attacks themselves, we need a way to avoid the values being copied into the XQuery expressions leaking out of the literal strings where they are supposed to be located.

    
      Generic How To

      The most common way to block these kind of attacks is to "escape" the dangerous characters or "sanitize" user inputs before sending them to the XQuery engine.

      In an XQuery string literal, the "dangerous" characters are:

      
        	
          The & that can be used to make references to predefined or digital entities and needs to be replaced by the &amp;

        

        	
          The quote (either simple or double) that you use to delimit the literal that needs to be replaced by &apos; or &quot;
          

        

      

      And that's all! These two replacements are enough to block code injections through string literals.

      Of course, you also need to use a function such as encode-for-uri() so that the URL remains valid and to block injections through URL encoding. 

      The second way to block these attacks is to keep the values that are entered through web forms out of the query itself.

      When using eXist, this can be done by encoding these values and sending them as URL query parameters. These parameters can then be retrieved using the request:get-parameter() extension function.

      Which of these methods should we use?

      There is no general rules and it's rather a matter of taste. That being said...

      
        	
          Sanitizing is more portable: request:get-parameter is an eXist specific function that cannot be used with other databases.

        

        	
          Parameters may (arguably) be considered cleaner since they separate the inputs from the request. They can also be used to call stored queries.

        

      

      
        These techniques are efficient and enough to protect your application as long as you don't open a new breach. This is the case when your XQuery expression dynamically executes something
          against a query engine.

        In a highly hypothetical case where the XQuery expression would execute a SQL query, this SQL Query would have to be protected against SQL injection.

        A more common case in XQuery land is when you use a *:evaluate() extension function to dynamically execute an XPath or XQuery expression.

        In that case (see Related Attacks) the expression needs to be further sanitized!

      
    
    
      No Filters, Please!

      It is common to see developers filtering values as a protection against SQL Injection and you could also do that as a protection against XQuery injection but in both cases this is often a
        bad idea!

      Filtering user input is often a bad idea and whenever you do so you should be doing that for data quality reasons and not for security reasons since the constraints will very likely be
        different.

      To protect this application against XQuery injection, we could have filtered out the user input to exclude simple quotes and that would have been effective (assuming we use a simple quote
        to delimit the string literal) but that would have given Tim O'Reilly a new opportunity to rant against dumb applications that do not accept is name as an input!

      We've seen that it's as easy to sanitize user input than it would have been to filter it, so please, don't use filters for security!

    
    
      Java

      Assuming that we use single quotes to delimit XQuery string literals, inputs can be sanitized in Java using this function:

          static String sanitize(String text) {
         return text.replace("&", "&amp;").replace("'", "&apos;");
    }

      Each user input must be sanitized separately and the whole query must then be encoded using the URLEncoder.encode() method. Depending on the context, it may also be a good
        idea to call an additional method such as trim() to remove leading and trailing space or toLowerCase() to normalize the value to lower case. In the authentication
        realm, the Java snippet could be:

           String query = URLEncoder.encode("//user[mail='" + sanitize(username.trim().toLowerCase()) + "']", "UTF-8");
     reader.parse(new InputSource(
             new URL("http://localhost:8080/orbeon/exist/rest/db/app/users/?_query=" + query).openStream()));

      To use request parameters, the query and each of the parameters need to be encoded separately:

           String query = URLEncoder.encode(
            "declare namespace request='http://exist-db.org/xquery/request';//user[mail=request:get-parameter('mail', 0)]",
            "UTF-8");
     String usernameNormalized = URLEncoder.encode(username.trim().toLowerCase(), "UTF-8");
     reader.parse(new InputSource(
            new URL("http://localhost:8080/orbeon/exist/rest/db/app/users/?mail="+ usernameNormalized + "&_query=" + query).openStream()));

      To query is now a fixed string that could be stored in the eXist database or encoded in a static variable.

    
    
      XPath 2.0 Environments

      In environments that rely on XPath 2.0 such as XSLT 2.0, XProc, XPL,... the same patterns can be used if we replace the Java methods with their XPath 2.0 equivalents. In XSLT 2.0 it is
        possible to define a sanitize function similar to the one we've created in Java but this isn't the case for other host languages and we'll skip this step.

      To sanitize user inputs in an XPath 2.0 host language, we need to add a level of escaping because the & character is not available directly but through the
          &amp; entity reference. The XQuery query combines simple and double quotes that are not very easy to handle in a select attribute (even if the escaping rules of
        XPath 2.0 help a lot) and the query pieces can be put into variables for convenience. That being said, the user input can be sanitized using statements such as:

              <xsl:variable name="usernameSanitized"
            select="lower-case(normalize-space(replace(replace($username, '&amp;', '&amp;amp;'), '''', '&amp;apos;')))"/>
        <xsl:variable name="queryStart">//user[mail='</xsl:variable>
        <xsl:variable name="queryEnd">']</xsl:variable>
        <xsl:variable name="query" select="encode-for-uri(concat($queryStart, $usernameSanitized, $queryEnd))"/>
        <xsl:variable name="userInformation" 
             select="doc(concat('http://localhost:8080/orbeon/exist/rest/db/app/users/?_query=', $query))"/>


      To use request parameters, simply write something such as:

              <xsl:variable name="usernameNormalized" select="lower-case(normalize-space($username))"/>
        <xsl:variable name="query">
            declare namespace request='http://exist-db.org/xquery/request';
            //user[mail=request:get-parameter('mail',0)]</xsl:variable>
        <xsl:variable name="userInformation"
            select="doc(concat('http://localhost:8080/orbeon/exist/rest/db/app/users/?mail=', 
                    encode-for-uri($usernameNormalized) , '&amp;_query=', encode-for-uri($query)))"/>


      Here again; the choice to normalize spaces and convert to lower case depends on the context.

      
        XSLT 2.0

        In XSLT 2.0, functions can be used to implement this technique like those shown in this transformation: 

        <?xml version="1.0" encoding="UTF-8"?>
<xsl:stylesheet xmlns:xsl="http://www.w3.org/1999/XSL/Transform" xmlns:san="http://example.com/sanitization/"
    xmlns:xs="http://www.w3.org/2001/XMLSchema" exclude-result-prefixes="xs" version="2.0">
    
    <xsl:output method="text"/>
    
    <xsl:function name="san:sanitize-apos" as="xs:string">
        <xsl:param name="text" as="xs:string"/>
        <xsl:sequence select="replace(replace($text, '&amp;', '&amp;amp;'), '''', '&amp;apos;')"/>
    </xsl:function>
    <xsl:function name="san:sanitize-quot" as="xs:string">
        <xsl:param name="text" as="xs:string"/>
        <xsl:sequence select='replace(replace($text, "&amp;", "&amp;amp;"), """", "&amp;quot;")'/>
    </xsl:function>
    
    <xsl:template match="/">
        <xsl:value-of select="san:sanitize-apos(''' or ( for $u in //user return update delete $u/(@*|node() ) ) or .=''')"/>
    </xsl:template>
    
</xsl:stylesheet>

      
      
        XQuery

        Similar functions can be defined in XQuery:

        xquery version "1.0";

declare function local:sanitize-apos($text as xs:string) as xs:string {
        replace(replace($text, '&amp;', '&amp;amp;'), '''', '&amp;apos;')
};

declare function local:sanitize-apos($text as xs:string) as xs:string {
        replace(replace($text, "&amp;", "&amp;amp;"), """", "&amp;quot;")
};


local:sanitize-apos(''' or ( for $u in //user return update delete $u/(@*|node() ) ) or .=''')

      
    
    
      XForms

      The problem is very similar in XForms with the difference that XForms is meant to deal with user input and that the chances that you'll hit the problem are significantly bigger!

      The rule of thumb here again is: never inject a user input in an XQuery without sanitizing it or moving it out of the query using request parameters.

      When using an implementation such as Orbeon Forms, that supports attribute value templates in resource attributes, it may be tempting to write submissions such as:

       <xforms:submission id="doSearch" method="get"
    resource="http://localhost:8080/orbeon/exist/rest/db/app/users/?_query=//user[mail='{instance('search')}']" 
    instance="result" replace="instance"/>


      Unfortunately, this would be tantamount to the unsafe Java realm that we've used as our first example!

      To secure this submission, we can just adapt one of the two methods used to secure XSLT accesses. This is especially straightforward with the Orbeon implementation that implements an
          xxforms:variable extension very similar to XSLT variables. You can also go with FLOWR expressions or use xforms:bind/@calculate definitions to store intermediate
        results and make them more readable but it is also possible to write a mega XPath 2.0 expression such as this one:

       <xforms:submission id="doSearch" method="get"
      resource="http://localhost:8080/orbeon/exist/rest/db/app/users/?_query={encode-for-uri(concat(
            '//user[mail=''', 
             lower-case(normalize-space(replace(replace(instance('search'), '&amp;', '&amp;amp;'), '''', '&amp;apos;'))), 
             ''']'))}"
      instance="result" replace="instance"/>

      The same methods can be applied using query parameters:

        <xforms:submission id="doSearch" method="get"
     resource="http://localhost:8080/orbeon/exist/rest/db/app/users/?mail={
          encode-for-uri(lower-case(instance('search')))
        }&amp;_query={
          encode-for-uri('declare namespace request=''http://exist-db.org/xquery/request'';
                          //user[mail=request:get-parameter(''mail'',0)]')}"
      instance="result" replace="instance"/>

      This is working, but we can do much simpler relying on XForms to do the encoding all by itself!. The complete XForms model would then be:

              <xforms:model>
            <xforms:instance id="search">
                <search xmlns="">
                    <mail/>
                    <_query>declare namespace request='http://exist-db.org/xquery/request';
                        //user[mail=request:get-parameter('mail',0)]</_query>
                </search>
            </xforms:instance>
            <xforms:instance id="result">
                <empty xmlns=""/>
            </xforms:instance>
            <xforms:submission id="doSearch" method="get" ref="instance('search')"
                resource="http://localhost:8080/orbeon/exist/rest/db/app/users/"
                instance="result" replace="instance"/>
        </xforms:model>

    
    
      Related Attacks

      We have explored in depth injections targeted on XQuery string literals. What about other injections on XML based applications?

      
        XQuery Numeric Literal Injection

        It may be tempting to copy numeric input fields directly into XQuery expressions. That's safe if, and only if, these fields are validated. If not, the techniques that we've seen with
          string literals can easily be adapted (in fact, it's even easier for your attackers since they do not need to bother with quotes!).

        That's safe if you pass these values within request parameters but you will generate XQuery parsing errors if the input doesn't belong to the expected data type. Also note that request:get-parameter() returns string values and may need casting in your XQuery query.

        In both cases, it is a good idea to validate numeric input fields before sending your query (this is a case where filters can be used without risking to get Tim O'Reilly angry)!

        When using XForms, this can be done by binding these inputs to numeric datatypes. Otherwise, use whatever language you are programming with to do the test.

        If you use literals and don't want (or can't) do that test outside the XQuery query itself, you can also copy the value in a string literal and explicitly cast it into the numeric data
          type you are using. The string literal then needs to be sanitized like we've already seen.

      
      
        XQuery Direct Element Injection

        Literals are the location where user input is most likely copied in XQuery based applications (they cover all the cases where the database is queried according to parameters entered by
          our users) but there are cases where you may want to copy user input within XQuery direct element constructors.

        One of the use cases for this is the XQuery Update Facility where update primitives may contain direct element constructors, in which it is tempting to include input fields
          values.

        Here again you're safe if you use request parameters but you need to sanitize your input if you're doing direct copy.

        The danger here is not so much delimiters but rather enclosed expressions that let your attacker include arbitrary XQuery expressions.

        The < also needs to be escaped as it would be understood as a tag delimiter as well, of course as the &..

        That makes 4 characters to escape:

        
          	
            & must be replaced by &amp;

          

          	
            < must be replaced by &lt;

          

          	
            { must be replaced by {{

          

          	
            } must be replaced by }}

          

        

      
      
        XUpdate injection

        XUpdate is safer than XQuery Update Facility since the latter has no support for enclosed expressions. That doesn't mean that & and < are not meant to be
          escaped but since XUpdate documents are a well formed XML documents, the tool or API that you'll be using to create this document will take care of that if it's an XML tool

        Unfortunately XUpdate uses XPath expressions to qualify the targets where updates should be applied, and if you use a database like eXist, which supports XPath 2.0 (or XQuery 1.0) in
          these expressions, this opens a door for attacks that are similar to XQuery literal injections.

        Again, if you use request parameters you'll be safe.

        If not, the sanitization to apply is the same as that for XQuery injection except that the XML tool or API that you'll be using should take care of the XML entities.

      
      
        *:evaluate() injection

        Extension functions such as saxon:evaluate (or eXist's util:eval()) are also prone to attacks similar to XQuery injection if user input is not properly
          sanitized.

        The consequences of these injections may be amplified by extension functions that provide read and write access to system resources but even vanilla XPath can be harmful with its
            document() function that provides read access to the file system as well as network resources that may be behind the firewall protecting the server.

        These function calls need to be secured using similar techniques adapted to the context where the function is used.

        Defining variables out of the function call and using these variables within the function call is an effective solution quite similar to using query parameters in a query.

        
          When such functions are called inside a query, you may have to sanitize twice! In that case, the second level of sanitization can be done in XQuery.
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            Abstract
Externalizing document management is a problem when individual or corporate
                privacy is to be ensured. Provided that the decryption key is not known from service
                side, pure storage/archiving of encrypted documents is highly secure, but of poor
                interest as no operation can be performed on hosted data. Thus, current document
                management systems offer restricted privacy mechanisms, roughly based on secured
                communication channels and sometimes encrypted storage. However, many value-added
                processing operations require decrypting the document, and no formal guaranty is
                granted regarding the safety of system behaviors. As an example of known issue,
                there is the problem of data remanence (persisting information on disk after file
                system deletion), bugs or viruses acting on various level of the software
                architecture. This paper describes a method to allow restricted (but yet
                meaningful) ways of processing encrypted XML documents without needing decryption
                phase. The encryption process we propose allows isomorphic encryption of data (XML
                document owned by customers) and operator transformations (verification and
                transformation operated by the Service Provider) in such a way that full secrecy is
                ensured simply because the decoding key is not known by the Service Provider. Once
                transformed, operators can handle encrypted documents with equivalent results up to
                the decryption operation.

        
        Copyright © 2011 Xerox.  All rights reserved.

    
    
        Introduction

        This paper describes a method to allow restricted (but yet meaningful) ways of
            processing encrypted XML documents without needing decryption phase. The encryption
            process we propose allows isomorphic encryption of data (XML document owned by
            customers) and operator transformations (verification and transformation operated by the
            Service Provider) in such a way that full secrecy is ensured simply because the decoding
            key is not known by the Service Provider. Once transformed, operators can handle
            encrypted documents with equivalent results up to the decryption operation.

        Nowadays, when a customer wants an external service provider to host and manage
            confidential documents, he has to fully trust them, their information system and
            internal policies. The confidential documents may be transmitted to the hosting system
            over a secured channel using encryption to protect the sensitive information from any
            spying software potentially able to intercept and interpret the data.

        However, an XML document, once encrypted using standard approaches , is like an opaque
            and flat bit packet on which only two basic operations can be undertaken: integrity
            checking and decryption [1].
            Therefore, once hosted, the document must be decrypted in order to be able to offer some
            more complex processing such as those involved in basic services, e.g. indexation,
            validation and transformation. And in order to decrypt, the service provider must share
            the decryption key with the customer, which is a risk against which nobody can guaranty
            full protection (see SCAN and VaultMate for examples
            of document services in this area today ; note that both use a symmetric ciphering
            method SKA which requires for the service provider owning the
            customer's private key, and naturally, performing decryption when needed by the
        system).

    
    
        Do not decrypt documents: make operators compatible!

        Our contribution applies on structured documents (typically XML, but any similar
            approaches could be addressed by this method) where an attributed tree-like structure
            captures the syntax and semantic of the data. In XML, it is commonly understood that
            textual content is mainly stored in the leaves (the so called text nodes) whereas
            meta-information such as presentation style are conveyed by namespaces, tag names and
            additional attributes-values pairs.

        According to this, we propose first to encrypt the content of the document (textual
            leaves) using a private key, only known by the document owner, and to encrypt the
            structural part (tag names, namespaces and attribute-value pairs) through an asymmetric
            encryption mechanism (see PKC for a general presentation) in such a
            way that the resulting document still complies with XML lexical constraints (in other
            words, XML wellformedness property remains ensured). Beyond preserving better isolation
            between the two cryptographic subsystems, private key encryption comes with fast,
            possibly stream based, ciphering algorithms, with obvious application in large document
            processing.

        In asymmetric encryption schemes, a public key allows encryption, whereas decryption
            can only be performed thanks to a secret (private) key.

        The Service provider may use the public key in order to transform its operators in
            such a way that they can be adapted to operate directly on the encrypted documents. The
            central idea of our proposal is here: applying an encryption
                aware transformation on the operators, so that they become compatible
            with the encrypted instances. In other word, rather that decrypting the customer's
            documents in order to process them, we propose to adapt the operators in order to make
            it possible for them to operate on encrypted document. More precisely, operators are
            transformed using a public encryption key as parameter. Obviously, not all operators can
            be used this way, but only those that do not use textual content but only structural
            information (which still covers a large class of practical applications for structured
            document processing).

        This way, the customer performs the structure-preserving encryption with a public key,
            and the textual content encryption with a private key they will never communicate. The
            composite-encryption algorithm is implemented and furnished by the Service Provider, and
            is run by the customers in their protected space. The resulting document can be sent to
            the Service Provider together with the public key, without particular precaution. The
            provider can archive the ciphered document, together with the public key, and moreover,
            will use the latter to transform the relevant operators in order to operate on the
            customer's documents. The customer data privacy/confidentiality is not put at risk by
            the provider software, communication channels and systems.

        When required, the documents resulting from remote operations (validation reports,
            transformation products…) can be sent back to the customer, who will be able to fully
            decrypt them locally through his two private keys.

        The figure below illustrates the composite encryption process:
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Figure 1.
        
            	
                ε1(β1) represents an asymmetric
                    encryption process (applied to the structural part of the document) using a
                    public key β1.

            

            	
                ε 2(α2) represents the symmetric
                    encryption process (applied to textual content and attribute values) using a
                    private key α2.

            

            	
                ε (β1, α2) represents the
                    combined encryption process over an XML document.

            

        

        Essentially, this figure expresses the isomorphic properties of our encoding: typing properties of the object are preserved by ε
                (β1, α2) , so that some standard
            XML analysis tools can operate before and after encryption as well.

        
            We recall that symmetric encryption ε and decryption
                ε-1 obey to the following laws (here α is the secret
                private key and x the message):

            
          
               Table 1symmetric keys


                    	
                    	
                    	ε-1(α , ε(α , x)) = x
                

                
                    	α ≠ α'
                    	 ⇒ 
                    	 ε-1(α' , ε(α , x)) ≠ x
                

              



            Similarly, for asymmetric encryption functions where (α is the private key, and β
            is the public key):

            
                Table 2
                    	
                    	
                    	 ε-1(α ,
                            ε(β , x)) = x
                

                
                    	 α ≠ α' 
                    	 ⇒ 
                    	   ε-1(α' , ε(β , x)) ≠ x                     
                

            



            Keys α,β, are integers whose valuation space is so huge, that it is practically extremely
                hard for an attacker to guess their value. These laws just capture in an
                abstract way the reversibility of encryption and the sensitivity of underlying algorithms to key
                information.

        
    
    
        Encryption aware transformation of XML operators

        The composite encryption we proposed preserves lexical and logical structure. It is an
            algorithm that encrypts tag names (and attribute names) in such a way that all XML
            lexical constraints remain satisfied, but do not change the tree structure.

        We used in our experiments the combination of an RSA based asymmetric encryption
            applied separately to namespace prefix and local tag/attribute names (general purpose
            XML attributes such as xmlns, xml:base, 
            xml:space, 
            xml:id are not encrypted, in order to
            allow standard behavior of XML processors) . Then our encryption algorithm translates
            the result into a base16 encoded sequences of ASCII characters and substitutes the new
            names to the old ones. The algorithm process all tags and attributes recursively over
            the tree structure.

        Figure Figure 2 is an example of such a transformation (note that content encryption has not
            been applied here for illustration purpose). The image shows the original document (the
            specialized DocBook XML schema used for the Balisage conference proceedings...), and the
            second one below shows the same document after the structure preserving encryption (for
            clarity, textual content was not encrypted using symmetric ciphering algorithm).

         We propose now to examine 4 fundamental classes of document operators that
        can be tailored to process structure preserving encrypted documents. 

        
            	
                Validation Engine

                Typically, a tree grammar schema can be automatically modified by changing
                element names, according to the public encryption key.

                For instance, the following grammar:

              
                    Table 3
                        	Html
                        	→
                        	html [ Header Body]
                    

                    
                        	Header
                        	→
                        	header [ Base? Title? Meta* (Link | Script)*]
                    

                    
                        	Body
                        	→
                        	body [ ... ]
                    

                



                would become

              
                    Table 4
                        	Html
                        	→
                        	_012A321B839B167C [ Header Body]
                    

                    
                        	Header
                        	→
                        	_2842FA3D2B8317A8 [ Base? Title? Meta* (Link | Script)*]
                    

                    
                        	Body
                        	→
                        	_3A78B91537E65F45 [ ... ]
                    

                



                provided that, for a given encryption key β , 
                    ε1(β "html")     = _012A321B839B167C ,
                    ε1(β "header") = _2842FA3D2B8317A8 and
                    ε1(β "body") = _3A78B91537E65F45
                

                If the new labels comply with the inherent lexical constraints of the
                    formalism (in this case XML), then the corresponding recognition automaton can
                    be derived in the standard way in order to check the validity of the encrypted
                    document. RelaxNG, for instance, is a validation standard focused on structural
                    validation, although some extensions allow dealing with attribute or textual
                    content. In latter cases, the transcription cannot be achieved stricto sensu (no access to encrypted textual
                    content), but we argue that it is always feasible to derive from such grammars a
                    more general schema that only captures the structural information (this can even
                    be automated for the general case).

            

            	
                Document Rewriting and Querying

                Many such transformations do not have to deal with textual content. As an
                    example, a table of content construction, outline extraction, link extraction,
                    tags reorganization …

                For instance, the following sample rule from an illustrative tree rewriting system

              
                    Table 5
                        	title[ p[X] p[Y] ]
                        	→
                        	title[ p[X Y] ]
                    

                



                Can be transformed like this

              
                    Table 6
                        	_123E456A8421F745 [  _164C3812A7945B14 [X] _164C3812A7945B14[Y] ]
                        	→
                        	_123E456A8421F745[ _164C3812A7945B14[X Y] ]
                    

                



                provided that, for a given encryption key β , 
                    ε1(β "title")     = _123E456A8421F745 ,
                    ε1(β "p") = _164C3812A7945B14 
                

                Regarding standard technologies such as XSLT or XQuery, they are based on
                    XPath to capture structural information. In our prototype, we rewrite structural
                    XPath expressions in order to encrypt tag names and attribute names. Structural
                    XPath expressions do not use tests on attribute and textual values. Figures Figure 4
                    and Figure 5 show an XSLT stylesheet designed for computing DocBook outlines, before
                    and after transformation. Note that XPath expressions have been rewritten
                    according to tag name ciphering.

            

            	
                Document versioning

                These services are based of Tree diff algorithms, based on structural analysis
                    of tree node hierarchy and on node comparison. They are therefore compatible
                    with our encoding proposal, since they do not address diff analysis of original textual
                    content.

            

            	
                
                    Document Indexation
                

                These algorithms relies on various techniques, most importantly using
                    structural information (see eXist structural indexes eXist, or Apache‟s Xindice
                    Xindices) that can be handled using the technique we propose.

            

        

    
    
        Novelty

        The problem of authorizing general arithmetic computation on ciphered data has been coined
            as fully homomorphic encryption homoEnc, and has been the
            holy grail of cryptologists for decades. The area is quite active recently, but is
            certainly not mature enough to find practical applications before a long time especially
            because the operators are of algebraic nature (very low level and generic: addition,
            multiplication, subtraction and division) rather than algorithmic.

        The related work section below discusses existing approaches in the field of XML
            databases. In the best case, the authors propose very specific index construction
            algorithms that only allows simplified query over encrypted documents (see surveyQEncrypt, semCrypt). Our approach, much broader
            and simple, enable four major operations: transformation, validation, versioning and
            indexing, by using restricted but standardized technologies (XPath, XSLT, XQuery,
            RelaxNG…). More significantly, all proposals we examined so far in the literature made
            use of symmetric encryption. It just means that the provider must share the private key
            with the customer (therefore, representing a potential security hole) or that
            encryption/decryption operation can be done exclusively from the client side.

    
    
        Discussion

        Encrypting tag names may raise a safety issue due to the low entropy level of XML
            vocabulary, especially when the target namespace is known or guessed by an attacker. For
            instance, if the code breaker knows that the document is using the HTML namespace, he
            could try breaking the code using “html” as the plaintext input of the encrypted top
            level tag. Indeed, this approach is particularly vulnerable to (so-called) chosen plaintext attacks.
            A solution is using optimal asymmetric encryption padding  
            optimalEncPadding optimalAssymEnc and its more recent
            amelioration OEAP. We have indeed implemented this latter approach, consisting of using two
            ancillary secure Hash functions (SHA and MD5 in our prototype) and a random pattern in
            order to increase the entropy of input message.

        Our prototype also revealed that, if working with long keys for reaching very high
            level of safety, the tag/attribute names are transformed in very long labels, as
            compared to original ones. However, our prototype did not exhibit any problem with
            respect to this side effect, and runtime and memory performances are almost not
            impacted 
            [2].

        During the exchange of documents between the client and the provider, one could
            imagine applying a supplemental global encryption using a symmetric scheme with a
            private key that would be shared between the two parties, thanks to a standard secured
            key exchange protocol. Of course this key would be different than the private key used
            by the client to encode the document content, and would provide a supplemental security
            barrier to communication based attacks (this can be done e.g. through the standard HTTPS
            protocol and SSL libraries).

    
    
        Related Work

        In queriableHD
            queriableHDpaper, Mittal and Srivastava propose a somehow similar
            approach. However, the authors clearly encode the hierarchical structure into a
            distinct, specific data structure [3]. As a consequence, standard XML tools cannot be used, since the links
            between structure and content are managed externally. The document is no longer an XML
            document after the encryption and compression operations proposed in this approach.
            Using standard language is an important plus, as the provider may propose to run
            customer made style sheets on customer data. In addition, using standard methodology is a major
            advantage to develop transformations and validation schemas, among others.

        Various approaches have been explored in literature to secure documents hosted by an
            outsourcing service, especially in the field of XML databases. Existing proposals are
            organized around minimizing decryption operations (for obvious response time and CPU
            cost saving; and also for security reasons too, when minimization is based on document
            partitioning queryingEnc) or preparation of specific indexes to allows
            restricted queries on encrypted documents SecuringXML
            surveyQEncrypt. Other studies focused on protecting information during
            encrypted exchanges between the service provider and the client, preventing statistical
            analysis based on expected frequencies of query terms EfficientSecureQuery. However, our approach does not need to focus on
            communication, since transformation work is done locally on secured documents.
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Figure 2.Input document (excerpt) 
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Figure 3.Structural encryption: Input document with encrypted tags
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Figure 4.Operator: The XSL stylesheet to be applied to input document

        
        [image: Encryption aware Operator: The XSL stylesheet customized thanks to the public encryption key. This transformed style sheet is intended to be run on provider's site.]
                
            
Figure 5.Encryption aware Operator: The XSL stylesheet customized thanks to the public
                    encryption key. This transformed style sheet is intended to be run on provider's
                    site.
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Figure 6.The result of style sheet application on the fully encrypted input document (sent back by the service provider)

        
        [image: The final result is obtained by decrypting both the structural part and the content part thanks to the two secret keys. This operation is done locally by the customer in a secured environment.]
                
            
Figure 7.The final result is obtained by decrypting both the structural part and the
                    content part thanks to the two secret keys. This operation is done locally by the
                    customer in a secured environment.
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View note in Notes section
an RSA encryption (asymmetric scheme RSA) is
                    applied on both the content and the structure with a common key, leading to a
                    less secure protection since cracking the code through attacks on structure will
                    give direct access to the content.

            
View note in Notes section

	[1]The W3C recommendation describes encryption processing
                    xmlEnc in a way that preserve compatibility with XML
                requirement, but doesn't change the fundamental issue we address.


	[2]We indeed used a hash table to memorize the encrypted code for recurrent
                tag/attribute names.


	[3]an RSA encryption (asymmetric scheme RSA) is
                    applied on both the content and the structure with a common key, leading to a
                    less secure protection since cracking the code through attacks on structure will
                    give direct access to the content.
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138 SARTOR RESARTUS.

An ironic man, with his sly stillness, and ambuscading
ways, more especially an ironic young man, from
whom it is least expected, may be viewed as a pest to
society. Have we not seen persons of weight and
name, coming forward, with gentlest indifference, to
tread such a one out of sight, as an insignificancy and.
worm, start eeiling-high (balkenhock), and thence falk
shattered and supine, 10~ be borne home on shutters,
not without indignation, when he proved electric and a
torpedo !

Alas, how can a man with this, devilishness of tem-
per make way for himself in life; where the first
problem, as Teufelsdrickh, too, admils, is *to unite
yourself with some one and with somewhat (sich
anzuschliessen) 2"  Division, not union, is written on
most part of his procedure. Let us add, too, that, in
no great length of time, the only important connexion
he had ever succeeded in forming, his connexion with
the Zihdarm family, seems to have been paralyzed,
for all practical uses, by the death of the ¢not unchol-
eric” old Count. This fact stands recorded, quite
incidentally, in a certain Discourse on Epitaphs, hud~
dled into the present bag, among so much else; of which
essay the learning and curious penetration are more to
be approved of than the spirit. His grand principle
is, that lapidary inseriptions, of what sort soever,
should be historical rather than lyrical. By request
of that worthy nobleman’s survivors,” says he, I un-
dertook to compose his epitaph; and, not unmindful
of my own rules, produced the following; which,
however, for an alleged defect of Latinity, a defect
never yet fully visible to myself, still remains unen-

OETTING UNDER WAY. . 139

graven;” —wherein, we may predict, there is more
than the Latinity thaf will surprise an English reader.

e acr
PHILIPPUS ZAEHDARM, COGNOMINE MAGNUS,
Zusnvanxz Coxss,

X DOERIT coNerLIo,

VELLERIS AURSI, PERISCELIDIS, XEOSON TULTORIS NIGRI

EQUES. :
vt DUX 5UB LURA AeEBAT,
QUINQUIES MILLE PERDICES
rLvamo coxererT:
VARII CIBI
CENTUMPOKDIA XILLIES CENTENA MILIfA,
PER 5%, PERQUE SERYOS QUADRUTEDES DIPEDESYE,
HAUD SINE TOMULTU DEVOLVESS,
IN STERCUS

PALAM CONVERTIT,

NUNC A LABORE BEQUIBSCENTEM

OPERA SEQUUNTUR.

ST MONUMENTUN QUERIS

FINETUM ADSPICE.

eantvx 1x omsz prssert [sub date];

rosTRENON [oub dao).
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Eric Clapton

Edge of Darkness From the Cradle
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‘<rdfiirdfresource="hip: musicrainz. orgm-2.1/aboum'13016027-5038-4017-Obe-T6SSHTSHED >
<rifBag>
<fmmalbumList>

</mq:Resule>
— <mom: Album rdf:about="hip: musicbrainz orgtm.-2.1 a1 3016027-5038-4017-Obde-T6SSHTSHE">

<deztile>461 Ocean Boulevard</deztitle>
<dezereator rdf:resource="htp! msicbrainz org -2 1/atisU61806900-0618-4f1e-b835-becb 11542947
— <mm:cdindexidList>
-<rdfBag>
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<rif:Bag>
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<mm:releaseStatus rdfiresource="hp musicbrainz org . 2. 1#StansOficil’>
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<az:Asin>BO000OIE3N</az:Asin>
< Album>
</rdf:RDF>
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Eric Clapton

(Clapton on stage. Munich, Germany on 5 June
2010

Background information
Birth name  Evic Patick Clapton

Alzo known  Slownand

Bom 30 March 1945 (age 06)
Ripley, Surey, England
Genres ook, blussock, blues,

peychedeliorock, herd rock
Ocoupations Musician, songurier, producer,
Instruments Vossls auiter
Years active 1952-present

Labels  Wamer Brcs, Reprise, Palycr,
RSO, Ateo, Apple, Deram ']

Associated  The Yardbirs, John Mayall &

acts the Bluestreskes, Powerhouse.
Cream, Fres Cresk, The Diny
Mg, Bling Faith, J.J Cale, The
Plastic Ono Band, Delansy,
Bonnie & Frends, Derek and the.
Dominas

Website  Officiel website &
Notable instruments.

See: Guitars section
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Eric Patrick Clapton, CBE (bom 30 March 1945) is an English blues-rock guitarist and singer-songwiter. Clapton is the only person who has been inducted into the Rock
and Roll Hall of Fame three times; as a solo performer, as well as a member of rock bands the Yardbirds and Cream. Throughout his career, Clapton has been viewed by
ciitics and fans alike s one of the most important and influential guitarists of all time, Clapton was ranked fourth in Rolling Stone

Property Value
dbpedia-owl-abstract = Eric Patrick Clapton, CBE ist ein englischer Blues- und Rock-Gitarrist und -Sanger. Er ist mehrfacher Grammygewinner und
dreifaches Mitglied der Rock and Roll Hall of Fame". Clapton pragte die Entwicklung des Bluesrocks seit den 1960er Jahren
wesentlich mit und gt als einer der bedeutendsten Gitarristen_ Auf der Liste der 100 Greatest Guitarists of All Time der
amerikanischen Musikzeitschiift Rolling Stone findet sich Clapton auf Rang 4.
w Eric Patrick Clapton CBE (bom 30 March 1945) is an English blues-rock quitarist and singer-songwriter. Clapton is the only
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Eric Clapton

From Wiipedia, the free encyciopedia
(Rediraciza from Eric dlapton)

Eric Patrick Clapton, CBE (born 30 March 1945) is an English quitarist, vocalist, and songwiter. Clapton is.
the only three-time inductee to the Rock and Roll Hall of Fame: once as a solo artist, and separately as a
member of The Yardbirds and Cream. Clapton has been referred to as one of the mostimportant and.
influential guitarists of alltime. ! Clapton ranked fourth in Rolling Stone magazine's list of the *100 Greatest
Guitarists of All Time*! and fourth in Gibson's Top 50 Guitarists of All Time. !

Inthe mid sixies, Clapton leftthe Yardoirds to play biues with John Mayall & the Bluesbreakers. In his
‘one-year stay with Mayall, Clapton gained the nickname “Slowhand”, and grafi in London declared “Clapton
is God” Immediately after leaving Mavall, Ciapton formed with drummer Ginger Baker and bassist Jack
Bruce, the power trio, Cream, in which Clapton played sustained blues improvisations and “ary, blues-based
psychedelic pop.” For most of the seventies, Clapton's output bore the influence ofthe mellow stye of 1.
Cale andthe reggae of Bob Harley. His version of Marley's *| Shot the Sherif™ helped gain reggae a mass
market ! Two of his most popular recordings were "Layla”,recorded by Derek and the Dominos, and Robert
Johnson's "Crossroads", recorded by Cream. A recipient of seventeen Grammy Awards, in 2004 Clapton
was awarded a CBE for services to music.” In 1998 Clapton, a recovering alconolic and heroin addict,
founded the Crossroads Centre on Antigua, a medical faciltyfor recovering substance abusers

Contents [rise]
1 Career
1.1 Early years
12 19608
1.2.1The Yardbirds and the Buesbreakers.
122 Cream
123 Bind Faith & Delaney and Bonnie and Friends.
13 16708
1.3.1 Derek and the Dormnos.
1.4 Solo career
15 19808
16 19908
1720008
1820108
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3 Legacy

(Clapton on stage. Munich, Germany on 5 June

2010
Birthname  ErcPatick Clspton

Also known  Siowhand

Bom 20 Maron 1945 (sge65)
Ripley, Surey, England
Gemres  Ros, blussrock, bluss,

psychedeliorok,hird rock

Oceupations Musician, songaritar, producer,

Instruments  Vocsis, quiter

Years active 1962-present

Labels  Wamer Brcs, Reprise, Palycr,
RSO, Ateo, Apple, Deram ']
Rssociated  Th Varabirss, John Mayall &

aots the Bluestreskes, Powerouse,
Cream, Fres Creek, The ity
Mg, Bling Faith, J.J. Cale, The
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Eric Patrick Clapton, CBE (borm 30 March 1945) s an English guitarist,
vocalist, and songwrier. Clapton is the only three-time inductee to the

Rock and Roll Hall of Fame: once as a solo artst, and separately as a
member of The Yardbirds and Cream. Clapton ranked fourth in Rolling
Stone magazine's ist ofthe “100 Greatest Guitarists of All Time" and
fourth in Gibson's Top 50 Guitarists of All Time. Guitarist Lite Steven
writing Clapton's ent.. More

W Read artcle at Wikipedia

Date of birth: Mar 30, 1945 (age 65 years)

Place of birth: Ripley, United Kingdom
Place Musical Career Began: London, United Kingdom
Musical Genres: Blues, Rock music, Blues-rock, Pop rock, Hard rock, Psychedslic rock, Reggae

Also known as: Slowhand, Eric Clapton with Jimmie Vaugahn, Clapton, Eric, Eric Claption, Eric
Patrick Clapton, eric_clapton, Eric Clapton, Slow Hand

Music
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For each field
of an object

P
o the field™ Examples of the XML to be returned
AGE yterisld” type="byts" value=r4s" />
8 pomitive et nEField” type="int" valus="g509" />

harFisld” type=

S type?
/Di//

char” valus="\u0004” />

No

s
Ts the field ™ Yes
a stringable oS

<

<field name="strField" type="

Example ofthe XML to be returned

string” valus="Carlos” />

2
~~_object?
\\J\/ -
| no
v
The field is another type of abject (array, user-defined dlass, etc.)

The serializer will write the following XML
<field name="ficldName">

It will then serialize the object that represents this field, by
following the Flow chart A: Base of the WOX serializer.
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an array

b
s it a primitive Yes Is it an array . Yes
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At a primitive

~_n-dimensional
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The serializer will setthe
type of the array, and

write it to XML. Example:
<array type="int[][]"
length="4" id="20">

Itis an array of user-defined
objects. The serializer will set
the type of the array, and
write it to XML. Example

<array type="ser.Person”

iy

Length="3" id="i%

The serializer will go through all the elements ofthe array.

For each element (object) in the array, it wil follow the
Flow chart A: Base of the WOX serializer

The serializer converts the array of
byte using Baseb4 encoding

Example of the XML to be retumed
<array type="byts" length="16"
1d="10">CQsWLSWIQKIYYW=</ array>

The serializer takes the array and
makes a string of it, separating every
element with a blank space

Examples of the XML to be retumed.

<array type="double" length=r4"
id="12753.4 4.6 5.8 7.9</array>

<array typs="boolean” length="3"
id="177>true false trus</array>
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‘Asked 2 girlwhat she wanted to be

She said baby. can't you see

I'wanna be famous, a star on the screen
But you can do something in between
Baby you can drive my car

Yes 'm gonna be a star

Baby you can drive my car

And baby | love you

Baby you can drive my car
LIRS
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Leda and the Swan

A sudden blow: the great wings beating still
Above the staggering girl, her thighs caressed
By the dark webs, her nape caught in his bill,
He holds her helpless breast upon his breast.
How can those terrified vague fingers push
The feathered glory from her loosening thighs?
And how can body, laid in that white rush,

But feel the strange heart beating where it lies?
A shudder in the loins engenders there

The broken wall, the burning roof and tower
And Agamemnon dead. Being so caught up,

So mastered by the brute blood of the air,

Did she put on his knowledge with his power

Before the indifferent beak could let her drop?
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Asked a girl what she wanted to be
She said baby, canyf you see

I wanna be famous, a star on the screen
But you can do something in between
Baby you can drive my car

Yes I'm gonna be a star

Baby you can drive my car

And baby I love you
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Load cassette. Cover hole with plastic tape.
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See you in Prague
Posted on January 26, 2011 by Eric van der Vist

Just got the confirmation that I'll be presenting a paper on XQuery [XQuery o
Wikipedia, XQuery W3C Recommendation] injection at XML Prague March 26th or 27th.

Tlook forward to attending once again this conference which in a few years has become
one of the best XML conferences.
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See you in Prague

4
Just got the confirmation that I'l be presenting a paper on XQuery injection at XML
Prague March 26th or 27th.

T1ook forward to attending once again this conference which in a few years has become
one of the best XML conferences.
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k?xml version="1.0" encoding="UTF-8"2>
Fl<article xmlns="http://docbook.org/ns/docbook">
<title>Stand-alone Encoding of Document History </title>
S| <section>
<title>Introduction</title>
</section>
=) <section>
<title>Overview</title>
</section>
B <section>
<title>Modelling Abstract Differencing Operations</title>
</section>
S| <section>

</section>
=] <section>
<title>Encoding Graphs of Deltas in XML</title>
</section>
B  <section>
<title>State of the Art</title>
</section>
=] <section>
<title>Conclusion</title>
</section>
=] <section>
<title>Acknowledgment</title>
</section>
“</article>

<title>Fundamental Operations over Encapsulated Documents </title>
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See you in Prague
Posted on January 26, 2011 by Eric van der Vist

Just got the confirmation that I'll be presenting a paper on XQuery [XQuery o

Wikipedia, XQuery W3C Recommendation] injection at XML [ XML on W|k|mdia, wac
XML Home Page XML 1.0 Recommandation ] Prague [ Prague on Wikipedia, Prague
travel guide on Wikitravel ] [ XML Prague, XML Prague 2011 ] March 26th or 27th.
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Links for "XML Prague”

XML Prague:

= WL Praguel
= XML Prague 2011

Notes de migration de Gallery 2 vers WordPres

NexiGEN Gallery
. XL
See you in Prague
d on January 26, 2011 by Eric st = XML on Wikipedia
= W3C XML Home Page
Just got the confirmation that I'll be presenting a p; = XML 1.0 Recommandation

Prague March 26th or 27th.

Pos

Prague:

conferer = Prague on Wikipedia

= Prague travel quide on Wikitravel

I1ook forward to attending once again t
one of the best XML conferences.






OEBPS/assets/vol7/BalisageVol7-Vlist01/30fdc8f77c8a-Vlist01-002.png
See you in Prague
Posted on January 26, 2011 by Eric van der Vist

Just got the confirmation that I'l be presenting a paper on XQuery injection at XML
Prague March 26th or 27th.

Tlook forward to attending once again this conference which in a few years has become
one of the best XML conferences.
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%) eXist collection
Fichier Edition Affichage Message

PES- 0888 ¢

De: vdv@dyomedea.com
A: vdv@dyomedea.com
Sujet: eXist collection
Date: Thy, 3 Feb 2011 13:04:32 +0100

The collection is : <user xmlns:
<mail>ydv@dyomedea. con</mail>
<role>orbeon-admin</role>

<password>secret</password>
</user>

“http: //www.w3.0rq/2001/XHLSchema">
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1.0" encoding="UTF-8"

<2xml versio
<xsl:stylesheet

smlns:xsl="http://www.w3.0rg/1999/%SL/Transform" version="2.0"
smlns:doc="5552D9160E82F41D802129FC47203F90B3D5B28C287FECBDTDC3ED2344406DD1BES713107127FF73AABT6D91C51C4ADT "
exclude-result-prefixes ="doc"

=] >

<xsl:output indent="yes"/>

<xsl:preserve-space elements="doc:_ 9856288409E4B647FDC90D1CF4636C85320785457C71329BF111EE66410B6!

[doc:_91D9A63CA3BBA99E1D7E854CEOC5DA07F41A43DCOFFC1CCD6509B43EFEAS513595BA23825F417EOFFI9E9EC10F51.
<xsl:copy>

</xsl:copy>
</xsl:template>

<xsl:template match="doc: 9856288409E4B647FDCI0D1CF4636C85320785457C71329BF111EE66410B664D27044681

= <xsl:copy>
<xsl:apply-templates
select="doc:_ 91DIA63CA3BBA9IE1DTES54CEOCSDA0TF41A43DCOFFC1CCD6509B43EFEAS13595BA23825F41
</xsl:copy>
</xsl:template>

<xsl:template match="doc:_ 91D9A63CA3BBA9IEID7E854CE0C5DA07F41A43DCOFFC1CCD6509B43EFEA513595BA23825]
<xsl:copy>
<xsl:apply-templates />
</xsl:copy>
</xsl:template>

64D270446819E602CA6C387243BAAF

doc:_91D9A63CA3BBA99E1IDTE854CEOC5DA0TF41A43DCOFFC1CCD6509B43EFEAS513595BA23825F417EOFFIEOEC10F5197E4A6" />

<xsl:template match="doc:_ 103397FB5781366CE5C4373B519111048743F24C2907492B435F72CFIFE43B72C4851929CCC2BED10BEF8BE15D7FB022

97E4A6] ">

<xsl:apply-templates select="doc: 91D9A63CA3BBA9IEID7E854CE0C5DA07F41A43DCOFFC1CCD6509B43EFEAS513595BA23825F417EOFFIEIECLOF

<xsl:apply-templates select="doc:_ 9856288409E4B647FDCI0D1CF4636C85320785457C71329BF111EE66410B664D270446819E602CA6C387243E

9E602CA6C387243BAAF880F0

El[doc:_ 91D9A63CA3BBA99EID7EB54CEOCS5DA07F41A43DCOFFC1CCD6509B43EFEAS13595BA23825F417EOFFIEIEC10F5197E4A6] ">

TEOFF9E9EC10F5197E4A6" />

F417EOFF9E9EC10F5197E4A6">

“</xsl:stylesheet>
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<%l version="1.0" encoding="utf-82%
£I<_BOSGEEA4519102DFCDI32DIC62AFTBET xmlns=
"BB42FB71B24AF88B3209E576B39EE51248FD4934B7C23C823508E027E8BCESCA6A6158A398175E3C27BFCOAB0B7AFDCDI5D12E1D24951E961A0FA2155CDAGEBG ' >
<_C946339506a74B94E5717898B3C1B588>Stand-alone Encoding of Document History </_C946339506A74B94ES71789BBICIBSEE>
<_361066D172CB32E8F8922497EAFESES73833AEFAGIDASACA3133D46821927C0A> (or One Step Beyond YML Diff)
</_361066D172CB32E8F892249TEAFEBES 7363 3AEFAG1DASAC 3133D46621927COR>

35
36
37
38
39
40
41
42
43
44

</_01266D4E1D522177B28BE649317ECE107E6BEBBAD4430FC2F2552E46D2860781>

</_B31428CFCC35EBBASTC1AFO82ESBEF3A3833AEFA61DA3ACE3133D46821927C0A>
<_F95C748COAES16AA1EC655D97587ACEE>Xerox Research Centre Europe</ F95C748COAES16AALEC655D37587ACE8>

<_79E0A44E48039319648E7CI7DBBICBEE>
<_F1ECFB2F99B63E99C28DB6F852CAB5133833AEFAG1DASAC3133D46821927C0R>

<_56C7401D5C76ESF33E8CF118ESFDAIEA>This paper describes an approach to encapsulate together an YML document and its

history (i.e. the various significant states it adopted along its life cycle) into a
single standalone XML document. Our proposal introduces an ¥ML data model suited to
capture versioning information combined with an operational model to handle such
encapsulated data. We describe basic operators involved along the transformation
process of the document/history pair, mainly designed around the principle of
maintaining coherence properties. </_S56C7401DSC76ESF33E8CF118ESFDALEA>

</_F1ECFB2F99B63E99C28DB6F852CABS133833AEFA61DA3AC43133D46821927C0A>

<_83439EEB1B2D3FCSDF0B8289C45507CDE>
<_BF0830A18590D3C0AA4825BD371834F135F15593333CADICEAIBE937078F1D21>
<_01266D4E1D522177828BE649317ECE107EGBEBBAD4 430FC2F2552E46D2860781>Jean-Yves

<_DE02C52C7DE2C2F7D343633435842929>Vion-Dury</_DE02C52C7DE2C2F7D343633435842929>
</_BF0830A18590D3C0AA4825BD371834F135F15593333CADICBAIBEI37078F1D21> [N
<_AAF637F8E8356BF19063EECSB331DCETES1CAAGCFS40F8392582D56E4ACBE009>

<_56C7401D5C76E5F33E8CF118ESFDAIEA> Jean-Yves Vion-Dury holds an CS engineering degree from the &quot;Conservatoire

National des Arts et Métiers, Paris&quot; (1993) and graduated with a PhD in CS from
Université Joseph Fourier, Grenoble in 1999. He has been working at Xerox
Research Centre Europe (in Grenoble, France) since 1995, as a research
scientist; he has also been on a two year sabbatical with Vincent Quint&apos;s team
at INRIA in 2002-2004. His research interests relate to various aspect of XML
including models, the impact of standards, validation/transformation languages
and architectures, with theoretical background in programming languages,
compilation, type systems and formal logics. </_S56C7401DSC76ESF33ESCF118E9FDAIEA

<_56C7401DSC76ESF33E8CF118E9FDALEA>Jean-Yves was Program Chair of DocEng (ACM Document Engineering Symposium ) in

2004, is member of its Program Committee since 2003, and member of its Steering
Committee since 2005. </_S6C7401DSC76ESF33EECF118EIFDALEA>

</_BAAF637FBEB356BF19063EECSB331DCETEI1CAAGCF540F8392582D56E4ACBE009><_704974C33344B549E00B67FD02CTFCDI7DS20FAAAL3A3C44EE4415CDD4783A20>

<_B31428CFCC3SEBBASTC1AFO82ESBEF3A3833AEFAG1DA3ACS3133D46821927C0A>Senior Scientist

</_704974C33344B549E00B67FD02CTFCD97DS20FARAL3A3C44EE4415CDD4783A20>

<_AR4DEF76968960F88A46EAAGCCOADF15>jean-yves . vion-dury@xeroxlabs .com</ AAR4DEF76368360F88A46EARGCCOADF1S>

</_83439EE81B2D3FC5DF08289C45507CD8>

</_T9E0A44E48039319648E7CITDBEICEEB>

<_558212815D6BED4507ABI5SFCI7890835>
<_C946339506A74B94ES71789BB3C1B588>Introduction</_C946339506A74B94ES71789BB3C1B588>

<_56C7401DSC76ESF33EBCF118ESFDAIEA>YML being recognized today as the lingua franca of computerized information, some key

basic functionalities become of universal interest and will predictably gain momentum in
the upcoming YML related economy.</_S6C7401DSC76ESF33ESCF118ESFDAIER>
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<2xml version="1.0" encoding="UTF-8"2>
<xsl:stylesheet

ttp://www.w3.0org/1999/%SL/Transform" version="2.0"
xmlns:doc="http://docbook.org/ns/docbook"
exclude-result-prefixes ="doc"

=] >

<xsl:output indent="yes"/>

xmlns:xsl:

<xsl:preserve-space elements="doc:section doc:title"/>

<xsl:template match="doc:article[doc:title]">

<xsl:copy>
<xsl:apply-templates select="doc:title"></xsl:apply-templates>
<xsl:apply-templates select="doc:section"/>
</xsl:copy>
</xsl:template>

g<xsl :template match="doc:section[doc:title]">
= <xsl:copy>
<xsl:apply-templates select="doc:title"></xsl:apply-templates>
</xsl:copy>
</xsl:template>

xsl:template match="doc:title">
<xsl:copy>

<xsl:apply-templates />
</xsl:copy>
</xsl:template> o

</xsl:stylesheet>
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K2l version="1.0" encoding="utf-8"B3
<?0xygen RNGSchema="../../Schemas/Balisage/v1.2/balisage-1-2.rng" type="xml"?>
<article xmlns='http://docbook.org/ns/docbook'>
<title>Stand-alone Encoding of Document History </title>
<subtitle>(or One Step Beyond XML Diff)</subtitle>
<info>
<abstract>
<para>This paper describes an approach to encapsulate together an XML document and its
history (i.e. the various significant states it adopted along its life cycle) into a
single standalone YML document. Our proposal introduces an XML data model suited to
capture versioning information combined with an operational model to handle such
encapsulated data. We describe basic operators involved along the transformation
process of the document/history pair, mainly designed around the principle of
maintaining coherence properties. </para>
</abstract>
<author>
<personname>
<firstname>Jean-Yves</firstname>
<surname>Vion-Dury</surname>
</personname>
<personblurb>
<para> Jean-Yves Vion-Dury holds an CS engineering degree from the "Conservatoire
National des Arts et Métiers, Paris" (1993) and graduated with a PhD in CS from
Université Joseph Fourier, Grenoble in 1999. He has been working at Xerox
Research Centre Europe (in Grenoble, France) since 1995, as a research
scientist; he has also been on a two year sabbatical with Vincent Quint's team
at INRIA in 2002-2004. His research interests relate to various aspect of ¥ML
including models, the impact of standards, validation/transformation languages
and architectures, with theoretical background in programming languages,
compilation, type systems and formal logics. </para>
<para>Jean-Yves was Program Chair [Qf DocEng (ACM Document Engineering Symposium) in
2004, is member of its Program Committee since 2003, and member of its Steering
Committee since 2005. </para>
</personblurb><affiliation>
<jobtitle>Senior Scientist</jobtitle>
<orgname>Xerox Research Centre Europe</orgname>
</affiliation>
<email>jean-yves.vion-dury@xeroxlabs.com</email>
</author>
</info>
<section>
<title>Introduction</title>
<para>YML being recognized today as the lingua franca of computerized information, some key
basic functionalities become of universal interest and will predictably gain momentum in
the upcoming YML related economy.</para>





OEBPS/assets/vol7/BalisageVol7-David01/04027d7ba281-David01-004.jpg
Scholars Portal Books English  Frangais - Login

About this book || Read this book

Repora roblem | Raticss ENNGY® waroio | 8 aga o st

=)

4
Acid-base imbalances

P.96

Respiratory acidosis
* A compromise in any essential part of breathing — ventilation, perfusion, or diffusion — may lead to respiratory acidosis.

« In respiratory acidosis, the pulmonary system can't rid the body of enough carbon dioxide (CO2) to maintain a healthy pH (hydrogen
ion) balance.

« Respiratory acidosis may be acute, in which the pH falls abnormally low (below 7.35 [SI, 7.35]).

« Respiratory acidosis may be chronic, in which the pH stays within normal limits (7.34 o 7.45 [SI, 7.34 to 7.45)) because the kidneys
have time to compensate for the imbalance.

« This imbalance

i result from neuromuscular problems, depre:

ion of the respiratory center in the brain, lung diseases, or an airway.

oo
Pathophysiology

‘What happens in respiratory acidosis

Pt ot

Eecrayis mbalances | IS | Tl of Contems \ [ — S Doces ratcavsa. P

Results: X

1. Chapter 3: Electrolyte imbalances - Chapter Overview (pg. 57)
Acid-base balance is maintained by controlling the hydrogen fon concentration of the extracellular flid (ECF). Buffer systems in the body regulate
the acid-base balance by taking up or adding hydrogen or hydroxyl ions

2. Chapter 5: Disorders that cause... - Pathophysiology (pg. 98)
Acid-base balance is maintained by controling the hydrogen ion concentration of the extracellular fiuid (ECF). Buffer systems in the body regulate:
the acid-base balance by taking up or adding hydrogen or hydroxyl ions

3. Chapter 4: Acid based imbalances - Respiratory acidosis (pg. 57)

Acid-base balance is maintained by controliing the hydrogen ion concentration of the extracellular fluid (ECF). Buffer systems in the body regulate %
the acid-base balance by taking up or adding hydrogen or hydroxyl ions
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<2xml version="1.0" encoding="UTF-8"2>
<_103397FB5781366CES5C4373B519111048743F24C2907492B435F72CF9FE43B72C4851929CCC2BED10BEF8BE1SD7FB022
552D9160E82F41D802129FC47203F90B3D5B28C287FECBD7DC3ED2344406DD1BE5713107127FF73AAB76D91C51C4AD7 ">
<_91DSA63CA3BBASSEID7E8S54CEOCSDAO7F41A43DCOFFC1CCD6509B43EFEAS13595BA23825F417EOFFSESEC10FS5197E4,
791EFEBDI 059B23549693486C84B0DB789E813930823392D51E1299345AC8E 63750246F41728B63B868A3143DB34B038.
38504951BBF2E954FE7C3A125C864C8F3833AEFA61DA3AC43133D46821927C0A CF302966953B2BCCDA87A21967D1E7CD
</_91D9A63CA3BBAISELID7E854CEOCSDA07F41A43DCOFFC1CCD6S09B43EFEAS13595BA23825F417EOFFIESECI0FS197E4A6
<_9856283409E4BG!7P’DC9DD1CF1636C85320785457C713293F111£E6641036641}270%46319E602CA6C3B7243BAAF830
<_91DSA63CA3BBA9SE1D7EB54CEOCSDAO7F41A43DCOFFC1CCD6S09B43EFEAS13595BA23825F417EOFF9ESEC10F5197;
55EF61953424906B7AF43FCA190C116906D78B8B17699BD02CBAF21A05E0B75A</_91D9A63CA3BBAISEIDTEBS4CEOCSDADT
</_9856288409E4B647FDCI0D1CF4636C85320785457C71329BF111EE66410B664D270446819E602CA6C387243BAAFE80.
<_9856288409E4B647FDCI0D1ICF4636C85320785457C71329BF111EE66410B664D270446819E602CA6C387243BAAFS80.
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Acid-base imbalances

P.96

Respiratory acidosis
* A compromise in any essential part of breathing — ventilation, perfusion, or diffusion — may lead to respiratory acidosis.

« In respiratory acidosis, the pulmonary system can't rid the body of enough carbon dioxide (CO2) to maintain a healthy pH (hydrogen
ion) balance.

« Respiratory acidosis may be acute, in which the pH falls abnormally low (below 7.35 [SI, 7.35)).

« Respiratory acidosis may be chronic, in which the pH stays within normal limits (7.34 o 7.45 [SI, 7.34 to 7.45)) because the kidneys
have time to compensate for the imbalance.

« This imbalance
obstruction.

in result from neuromuscular problems, depression of the respiratory center in the brain, lung diseases, or an airway

Pathophysiology

What happens in atory acidosis.
This series of illustrations shows at the cellular level how respiratory acidosis develops.

Step 1

When pulmonary ¢ ! (C02) combines with water to form carbonic acid (HaCO3)
in larger than nor Notes | Chapter 4 to release free hydrogen ions (H) and bicarbonate ions
(HCO37). The exc for a Paco; level above 45 mm Hg (SI, 5.3 kPa)and a pH

level below 7.35 (

Provious:
Electrolyte imbalances

Next. »
Disorders that cause...

PR -4
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environment than humans. Similarly, animals in cages will have a lower demand then those that are allowed to run free on a farm

The importance of the selection of animal species, age, defect design, and appropriate controls (age-, species-, and location-matched)
cannot be overemphasized, and we still do not have universally accepted animal models for testing of engineered constructs. Although
none of the existing animal models permits direct translation to human situation, many of them have yielded useful information and
helped rationalize the design and interpretation of clinical studies

Representative Studies

An overview of representative studies of cartilage and bone tissue engineering that involved one or more of the following factors: utilization
of physical forces to stimulate tissue development in vitro, utilization of scaffold chemistry or bioactive factors to stimulate tissue
development in vivo, and functional evaluation of engineered constructs or the repair tissue (e.g., compressive, tensile or shear
properties, integration with adjacent tissues) is given in Table 8-3.

TABLE 8-3. Representative Examples of Orthopaedic Ti

Cells and Regulatory  Regulatory In Vivo Host
Tissues (Source,  Scaffold (Material, Factors Factors in vitro Culture (Site, Defect Graft Ty
Preparation) Dimensions) (Biochemical)  (Physical) System (Duration) size) (Duratic

A. Cartilage in vivo

Human (14-48

yr) distal
femur (n =
Articular 16), patella (n
chondrocytes =7)1.6:6.5
(human, Autologous cm?, ful
expanded 2-3 serum (15%) thickness Autogra
wk); periosteal during cell Cell expansion (2-3 femoral unilater
flap None expansion wk) condyle (n = 2) (16-66
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.
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Example ofthe XML to be returned (A1)

<object />

=~
" lIsthe Yes

object in the /3—F
Map?

The serializer returns a reference to
the object that is already in the Map.
—{A3
Example ofthe XL to be returned :
<object idref="3" />

The serilizer puts the
object in the Map

)

\

Is the

Yes
object stringable? ]

The serializer returns the stringable version of the object.

Examples of the XML to be retumed
int” value="585" id="6" />
String” value="Carlos” id="8" />

double” value"s.&" id="10" />

Is the Yes

objectan

The serializer processes the array. It will follow the
Flow chart B: Arrays.

array? -

It is another type of object. The serializer will set the
type ofthe object, and wite it to XML. Example

<object type="ser.Person” id="8">

The serializer will go through all the fields (attributes) of
the object. For each field (atribute) of the object, it will
follow the Flow chart C: Fields of an object.
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