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    Through 2005 he was a Ph.D. student reading in Knowledge Representation and Artificial Intelligence
    at the Knowledge Media Institute, until he realized the futility of it all and after some time in
    the Mediterranean decided he'd rather be near the sea in a much warmer place. Through January of 2002
    he was employed in the XML Technology Center at Sun Microsystems in Menlo Park, California. Through
    February 1997 he was a Program Manager of Software Engineering at Spyglass, Inc. in Cambridge, MA.
    Through mid-January 1996, he was an Information Systems Analyst with the National Technology Transfer
    Center in Wheeling, West Virginia. Previously he was a Senior Systems Analyst contracted to NASA
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    university planning and policy development. Prior to that he worked in the university's computer
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    XML version of HTML 4.0, as well as earlier documents such as the Structured HTML (SHML) DTD, available
    even today as a working draft, although one might prefer the W3C Recommendation Modularization of XHTML.
    He has functioned as Sun's representative to the W3C HTML Working Group, where he was co-author of a
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    involved in discussions regarding the Open Hyperdocument System (OHS), part of Doug Englebart's
    bootstrapping strategy, and in the past has been actively involved in the Standard Upper Ontology,
    Conceptual Graphs, and Common Logic mailing lists. All of this allows him to use a lot of big words with
    impunity.
    

    

    

  

     Abstract

     Wiki software has historically provided little support for any form of
     organizational structure. Even given the assumption that the majority of wiki
     users have previous experience with file system-like hierarchies, most wiki
     systems keep things simple (as is the wiki way) and employ a flat page structure.
     As a wiki grows beyond a few dozen pages, some form of organization becomes
     increasingly necessary. This has typically been accomplished by adding
     “category links” to each page, essentially
     ad hoc terms from an unstructured and
     uncontrolled vocabulary. Because these terms are themselves
     often undefined it can be difficult to ascertain the reason why a given page
     belongs to a category. Even when this is done carefully, as the number of terms
     in the categorization grows a classification scheme for the terms themselves
     likewise becomes increasingly necessary.

     This paper describes problems with existing wiki and “semantic
     wiki” categorization schemes and outlines an approach to information
     organization that avoids the pitfalls of computer-based ontologies by instead
     looking to library science for solutions. It describes the design and
     implementation of a wiki system permitting user-authored
     assertions, which are dynamically harvested to
     create a Topic Map graph mirroring the explicit structure of the wiki and providing
     it with an underlying classification system.
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    Introduction


    
    As with any document collection, as a wiki grows its need for some form of organization increases
    proportionately. It's not uncommon for wikis to have hundreds or even thousands of pages, without
    even considering the rather atypical Wikipedia (which as of July 2008 claims “approximately
    ten million articles in 253 languages”). Yet Wikipedia has no explicit classification scheme.
    


        
        Category Links


    
    
    
    […] knowledge is all sort of knitted together, or woven, like cloth, and each
    piece of knowledge is only meaningful or useful because of the other pieces.
    

    Gregory Bateson, Steps to an Ecology of Mind


    
    A common (some might say traditional) approach to categorization[1]
    on wikis relies on untyped web links,
    usually camel-case prefixing a category name with the word "Category" (e.g.,
    “CategoryHomePage”, “CategoryDiscussion”, etc.). Any wiki page containing such a
    link is considered categorized under that category. There a number of problems with such a system. First,
    any wiki page containing a given link is categorized accordingly even if that was not the intention of
    the link author, as the mere presence of a link – not its traversal – establishes the categorization.
    Another is that as the categorization of a given wiki page must be expressed on the page itself, there is no
    way to categorize a collection of pages from a different page, via a list or other external structure. The
    categorization naming scheme is also bound to the link names; there are no synonyms, homographs, equivalent
    terms; no way of characterizing the relations between terms, no thesaurus-like hierarchy, indeed, no explicit
    structure at all. One can add or remove categories from a page, but to change the categorization of a page one
    must change its name, which breaks existing links, and there is no facility for synthetic or combinatory categories
    apart from creating longer and more complicated wiki page names. It is a simple system and works reasonably well
    for small document sets.
    


    
    In library science, free language indexing permits the assignment of any word
    as an indexing term. One type often performed via an automated process, the terms used in
    natural language indexing are derived from the natural language of a document
    rather than a controlled vocabulary of a classification system. Like free language indexing, user-created wiki
    categorization suffers in the same way due to mismatches between content and search terms and a lack of
    terminology control. One of the main questions faced in the design of our own system was trying to mitigate
    these problems.
    


        
        
        Classification Systems


    
    Despite being a Linux user, like most people buying a new laptop I had no choice but to purchase Microsoft
    Vista. One of the first things I did was remove all of the anti-virus software since it was so horribly
    annoying, such that subsequently going online would be akin to putting my head in an electric oven. Given that
    my use of Windows is strictly offline, deciding to write this paper in Word became a matter of discipline.
    Admittedly it does have rather beautiful typography.


    
    Now, while scanning the shiny new Vista menus I came upon OneNote, a software application I didn't even
    know I owned. OneNote is touted as something I might be very interested in:
    


    
    
    OneNote is an idea processor, a notebook, an information organizer — some even call it
    an "add-on pack for your brain." … a place for gathering, organizing, searching,
    and sharing notes, clippings, thoughts, reference materials, and other information. All your
    notes will be visible here — organized by notebooks, sections, and pages.
    

    


    
    So how does it organize information? Typical of most software applications devoted to the organization
    of notes, it uses the staid metaphor of folders, which in the library world might be called an
    enumerated classification scheme: every subject gets a folder. In
    OneNote's case the central innovation is that you can put folders inside folders, and change the
    folder of an item at will. Even in their introductory documentation one can see a foreshadowing of the
    unfolding nightmare:
    


    
    
    As you use OneNote and create more notes, you may want to organize your notes differently:
    

    
      	
        If you find yourself creating a lot of pages for a topic, try dragging them into a new section

      

      	
        If you find yourself creating many sections in one notebook, try putting some of them
              into a separate notebook

      

      	
        Make navigation between notes more convenient by creating several notebooks at the
              top level, rather than putting everything inside one notebook

      

    

    


    
    As any librarian will tell you, the problem with enumerated schemes is that they are inflexible,
    don't take account of the fact that most resources don't fit neatly into one category
    (e.g., a book on 19th century French seascape paintings fits into at least four), and there is no
    ability to map context. OneNote users go through the same process as a librarian classifying a collection
    of books in the early 19th century: as a book arrives it gets put on a shelf next to books at that moment
    deemed similar. If there isn't a suitable shelf a new shelf is created. If a suitable category
    isn't clear, one doesn't have the time or has abandoned all hope, OneNote includes the obligatory
    category “Unfiled Notes”.
    


    
    
    It's okay if this section gets big. You can drag the pages to other sections later,
    or just use search to find them in this section.
    

    


    
    Do you get the feeling a lot of people store most of their notes in Unfiled Notes? The perennial question
    “where did I put that?” is once again answered by search. This is not an innovation.
    


        

        
        Knowledge Representation


    
    
    Suzy said, "You mean I'm fish?"

    "You're fish," said Fauna.

    John Steinbeck, Sweet Thursday


    
    “Knowledge representation” is a strange concept, when you think about it. What exactly is
    knowledge? How does one represent knowledge?
    A world of difficulty is opened up by the decomposition of even the simplest statements in
    natural language. While one might agree that the above sentences communicate
    information, do they also represent knowledge? Does the spoken word? How does the word “fish” relate
    to our conception of the word, its meaning in our minds? How is the concept of the word altered by its being
    composed within the context of the above statements, with their strange (perhaps erroneous) grammatical
    constructions? Does what we know about the author or our realization that the characters are fictional influence
    our understanding of the word? If we've not read the book, might we assume Suzy is a fish, instead of
    understanding that (in the “reality” or context of the book) Fauna is explaining Suzy's horoscope
    to her, that she was born under the sign of Pisces, the sign of the fish? Are
    the statements correct, and given any notion of judgment of such correctness,
    in what context can they be evaluated? And more obliquely, what does "being a Pisces" really mean?
    


    
    Apart from astrology, these questions are properly in the realms of linguistics,
    semiotics, and phenomenology, the study of the
    relationship between directly-experienced reality and phenomena (i.e., our awareness of reality, as received via
    our perceptions) and how meaning is imparted to phenomena by culture.
    


    
    Any system dealing with the interplay of knowledge representation and phenomenology is also complicated by the
    presence of ambiguity in natural language. While considered a favorable quality of poets and writers it isn't
    appropriate for description within the sciences, even though the terminology found in the domains of knowledge
    representation and ontological engineering is rife with it. As Allen Newell noted in his influential address to
    the AI community, The Knowledge Level
    Newell, the use of the term
    “knowledge” within that community is “informal”. Despite people's common anthropomorphization
    of machines, “intelligent systems” are not actually intelligent in any real sense; “knowledge
    based systems” do not operate based upon human knowledge but on a fixed program or set of rules;
    likewise “common sense reasoning” relies on mistaken notions of a “common sense” and
    “reasoning”. The list goes on. The historical use of seductive marketing language as a means of obtaining
    grant funding made the introduction of “semantic” to the lexicon of the Web almost inevitable. Now
    everything is “semantic”.
    


        
        
        Semantics, Shemantics


    
    
    I don't know who invented water, but it wasn't a fish. – 

    Alan Kay


    
    The extant literature on the "Semantic Web" — as promulgated by the World Wide Web Consortium (W3C)
    and the plethora of academics now beavering away under its auspices — suggests a world populated by engineers
    with little grasp of the last half-century's progress in either philosophy or library science, designing systems
    that promise abilities that cannot possibly be delivered, ignoring profound epistemological issues, linguistic and
    cultural chasms that have never been breached, at the same time passing over the enormous successes within the field
    of library science in organizing and classifying information.
    


    
    In what might be considered part of the ongoing tradition of 1920's visions of bubble cities on Mars, 1970's visions
    of chatty household robotic butlers enlivened by “artificial intelligence” as they deliver our
    martinis[2],
    the “Semantic Web” often appears as merely the latest flight of future fantasy (italics courtesy of the
    author):


    
    
    The Semantic Web is an evolving extension of the World Wide Web in which the semantics of information
    and services on the web is defined, making it possible for the web to
    understand and satisfy the requests
    of people and machines to use the web content. It derives from W3C director Tim Berners-Lee's vision
    of the Web as a universal medium for data, information, and
    knowledge exchange.
    WikipediaSW

    
    


    
    Even the short excerpt above, taken from Wikipedia's SW page (and typical of the hype), is riddled with
    terminological problems. Decomposing any one of these terms raises issues that are never addressed
    in any except the most hand-waving fashion, not to mention the anthropomorphization of the Web itself. We are meant
    to understand that machines will “comprehend semantic documents and data”
    BernersLee2001,
    where “comprehend” is defined by the Random House dictionary as to understand
    the nature or meaning of; to grasp with the mind. This is surely the realm of science fiction.
    


    
    Other elements of the SW are expressed in a large number of formal specifications; in their entirety they
    are intended to provide a formal meta-framework for description and use of concepts, terms, and
    relationships within a given knowledge domain.
    


    
    If the language describing these designs is to be believed, the systems themselves must have found
    solutions to some rather nagging epistemological problems, in particular the connection between
    informal language usage, computational linguistics and formal logic. The reality of the SW hardly
    seems to be the following of a unified vision, but merely the ongoing collection of normative
    specifications for markup syntaxes, several dozen “vocabularies” and roughly fifty
    technologies and assorted software projects that purport to be part of this grand vision.
    SWOver
    


    
    While this profusion of activity might seem to indicate success, there is nothing in any of this work
    to indicate that any of it has broached the real problems of
    representing knowledge, if indeed that is something that is actually
    possible. Robert Brandom suggests
    


    
    
    When we try to understand the thought or discourse of others, the task can be divided initially into
    two parts: understanding what they are thinking or talking about and understanding what they are
    thinking or saying about it. My primary aim here is to present a view of the relation between what
    is said or thought and what it is
    said or thought about. The former is the propositional dimension of
    thought and talk, and the latter is its representational dimension.
    The question I address is why any state or utterance that has propositional content also should be
    understood as having representational content. (For this is so much as to be a question, it must be
    possible to characterize propositional content in nonrepresentational terms.)
    

    The answer I defend is that the representational dimension of propositional contents should be
    understood in terms of their social articulation – how a
    propositionally contentful belief or claim can have a different significance from the perspective of
    the individual or claimer, on the one hand, than it does from the perspective of one who attributes
    that belief or claim to the individual, on the other. The context within which concern with what is
    thought and talked about arises is the assessment of how the judgments
    of one individual can serve as reasons for another. The representational content of claims and the
    beliefs they express reflect the social dimension of the game of giving and asking for reasons.
    Brandom

    
    


    
    A key proposition here is that the entire enterprise of shared representation is a form of
    social agreement, an instance of human communication, not an expression
    of a universal truth, and that the value of a proposition is not its truth but its
    utility. This viewpoint is not necessarily shared by a unanimity of
    philosophers but Brandom's argument does reflect a distinct break from analytic philosophy within the
    ranks of contemporary philosophers following the work of Ludwig Wittgenstein, whose
    Philosophical Investigations (Philosophische Untersuchungen)
    was published in 1953, denouncing the “dogma” in the earlier analytic philosophy of his
    Tractatus Logico-Philosophicus. More generally, this line of pragmatists and
    “neo-pragmatists” influenced by Wittgenstein includes John Dewey, Wilfred Sellars, Richard Rorty,
    Jürgen Habermas, and Hilary Putnam, among others.
    


        

        
        Informality


    
    
    
    Words are not just wind. Words have something to say. But what if what they have to say is not
    fixed, then do they really say something? Or do they say nothing? People suppose that words are
    different from the peeps of baby birds, but is there a difference, or isn't there?
    

    Chuang Tzu, ~320 B.C.E (Burton Watson, trans.)


    
    It should be noted that as described above, we could hardly design a system that relied on formal logic.
    The design is therefore distinctly informal, i.e., it is not backed by
    a formal model conforming to any foundationalist or otherwise representational logic. Its organizational
    structure is instead considered as a form of human communication — a classification system with no
    a priori terms — where the meaning of a term is identified entirely
    with its usage, akin to Inferential Role Semantics IRS.
    In this regard the system should not be considered formal in any sense; it is by definition a system
    that supports an informal ontology.
    


    
    That said, the use of terms that in other contexts might denote an expression of logic (e.g.,
    “type”, “class”, “subclass”, etc.) should not be considered as bridging any
    logical chasm — they are just convenient natural language terms; no claims are made to Platonic,
    universal terms or self-justifying beliefs.
    


    
    This is epistemologically a delicate balancing act. In what is known as
    deductive-nomological theory, the causality of declarative sentences is
    replaced by what are termed constant regularities, where rather than say that
    A causes B we only state that
    A is regularly followed by B. As Manuel DeLanda
    notes, it is only theory-obsessed philosophies that can afford to forget about causal connections
    and concentrate exclusively on logical relations. DeLanda
    We need to be clear that this is not an attempt to subordinate what might otherwise be considered statements
    of causality or truth claims behind linguistic statements, rather to claim that this is
    all they entail – the interpretation (and thus error-checking) of the
    system is entirely in human hands.
    


    
    It could be argued that all computer-based ontological systems such as the SW fall under this same set of
    constraints; a further discussion is out of scope for this paper. Suffice it to say that I consider the flaws
    in putatively formal systems due to epistemological issues as so profound as to demonstrably render them
    useless, or worse, useful (and therefore dangerous). It is much safer to design a system that is by design
    an informal toy and is delivered with a healthy disclaimer of having no truth conditional claims, again, as
    merely to facilitate expressions of human communication.
    


    
    One of the central tenets of the philosophical investigation of the past century is an understanding of the
    failure of logic to describe the world
    [3], and that the role of philosophy is not to provide a framework (logical
    or otherwise) for understanding the world but, as someone like John Dewey or Jürgen Habermas might advocate,
    the therapeutic tools to improve it. This has had a profound effect on the
    nature of epistemological inquiry, indeed, some to suggest that it, like God, has died. But whether or not
    epistemology has died, it's perhaps time to pay a bit more attention to it even as it wriggles on the ground.
    


        
        
        Semantic Wikis


    
    There exist a growing number of “structured” and “semantic” wiki projects, many basing
    their structure on category and/or typed links, others incorporating formal ontology (e.g., RDF or OWL)
    features directly into the wiki. Some, like Wikipedia's Semantic MediaWiki
    SMW, use “semantic annotations” to characterize content
    according to an implicit or explicit vocabulary of terms.
    


    
    In many cases these “semantic wikis” may provide a logical framework but often no classification scheme
    whatsoever, so we may have IsSubclassOf but nothing to subclass. It's a wiki categorization
    scheme on steroids, i.e., this is categorization, not classification. There are a number of difficulties with
    this approach, including the complexity of the augmented wiki syntax; weak or absent metadata; a lack of
    user-friendly schema documentation; the requirement of user expertise; lack of support for synonymous, homographic
    and polysemous (multireferential) terms, and other limitations in the available classification schemes (where they
    exist at all). Categorization terms or annotations are themselves often ungrounded, undefined, or when they are,
    they force users into a predefined schema, often defined in a formal logic not otherwise followed by, related or
    appropriate to the user-created structure, such as using set-theoretic language to describe the genealogical
    relationships.
    


    
    This is in addition to the more profound problems of: linguistic/grammatical ambiguity (e.g., homographs,
    polysemes, unconnected synonymous terms); lack of context (e.g., temporal, spatial, cultural, individual
    use of language); ill-, undefined, or misspelled terms; ill- or undefined subject identity; the recursive
    requirement for a core of a priori terms based on closed-world, monotonic
    reasoning, or other epistemological and ontological errors. Many if not most of these problems are
    insurmountable unless one forces users to understand and follow proscriptive rules, lives in ignorance or denial,
    or throws one's hands up declaring defeat.
    


        
        
        The Wrong Solution to the Wrong Problem


    
    
    
    When you have an effective enough technology so that you can really act upon your epistemological
    errors and can create havoc in the world in which you live, then the error is lethal.
    

    Gregory Bateson, Pathologies of Epistemology, Ibid.


    
    These ambitious projects are typically “knowledge modeling” tools and are
    not a suitable fit for use by anyone except those whose expertise and expectations comes
    from the world of artificial intelligence,  knowledge representation, expert systems and
    the like, people who already understand and/or at least accept terms and technologies like
    RDFS, OWL, XSDT, SPARQL, and GRDDL.
    Even for those who putatively do, how many truly understand the ontological commitments
    they are making? Given that the entire RDF-based world of the SW is predicated on a
    principle of entailment, defined by Pat Hayes in
    RDF Semantics as
    


    
    
    the key idea which connects model-theoretic semantics to real-world applications. […] Through the
    notions of satisfaction, entailment and validity, formal semantics gives a rigorous definition to a notion
    of "meaning" that can be related directly to computable methods of determining whether or not
    meaning is preserved by some transformation on a representation of knowledge. (RDFSemantics, §2)
    



    
    Should we expect the layperson to understand and accept this? Pat is trying to be
    helpful when he writes:
    


    
    
    Readers who are familiar with conventional logical semantics may find it useful to think of RDF as a
    version of existential binary relational logic in which relations are first-class entities in the
    universe of quantification. Such a logic can be obtained by encoding the relational atom R(a,b)
    into a conventional logical syntax, using a notional three-place relation Triple(a,R,b);
    the basic semantics described here can be reconstructed from this intuition by defining the extension
    of y as the set {<x,z> : Triple(x,y,z)} and noting that this would be
    precisely the denotation of R in the conventional Tarskian model theory of the original
    form R(a,b) of the relational atom.
    (RDFSemantics, §1.1)

    
    


    
    If we build systems for use by the public with the knowledge that those systems seldom define or follow
    a formal model theory[4],
    and knowing that the average user will hardly pay attention to this, much less
    understand it, can we be said to be acting responsibly as designers and engineers?
    


    
    
    First, it's not the Web that is monotonic (whatever that would mean) but the reasoning from
    Web resources that must be monotonic. […] Nonmonotonic reasoning is therefore inherently
    unsafe on the Web. In fact, nonmonotonic reasoning is inherently unsafe anywhere, which is
    why all classical reasoning is monotonic; this isn't anything particularly new. But the
    open-ended assumption that seems to underlie much thinking about reasoning on the semantic
    web makes the issue a little more acute than it often is in many of the situations where
    logic has been put to use in computer science.
    

    
    For example, if you are reasoning with a particular database of information, it is often
    assumed that the dbase is complete, in the sense that if some item is missing, then it is
    assumed to be false […]. But open-ended domains are not like this, and it is very dangerous
    to rely on this kind of reasoning when one has no license to assume that the world is closed
    in the appropriate way. If there were ever an open-ended domain it is surely the semantic web. […]
    

    
    The global advantages of monotonicity should not be casually tossed aside, but at the same
    time the computational advantages of nonmonotonic reasoning modes is hard to deny, and they are
    widely used in the current state of the art. We need ways for them to co-exist smoothly.
    Hayes2001

    
    


    
    John McCarthy and Pat Hayes were publishing papers on the situation calculus while Richard
    Nixon was president of the US McCHay69,
    and it's not that there hasn't been significant research in knowledge representation
    in the decades since. The frame problem and calculus accounts for time, concurrency, processes,
    uncertainty, and decision theory within the situation calculus provide an “embarrassing
    richness” of proposed solutions (Reiter2001, 44-46; 149; 283; 335);
    there has been halting but steady progress in common sense ontologies, including the open source
    release of the Cyc ontology and associated tools as OpenCyc OpenCyc;
    and there is a lively and ongoing bi-yearly conference schedule on context
    Context07.

    After all, NASA has a couple of semi-autonomous robots very successfully roaming around Mars.
    Still, almost nothing has been done to breach the epistemological divide between knowledge
    representation theory and the real world of language and human culture, and contemporary research
    in related and relevant disciplines such as computational linguistics, narratology and philosophical
    inquiry hardly seems to be on SW researchers' radar. Much of the work has been focused on
    syntax and schema development.
    

    
    One approach might be to use these sophisticated tools without fully understanding them, as
    Tim Berners-Lee writes that Semantic Web researchers […] accept that paradoxes and unanswerable
    questions are a price that must be paid to achieve versatility
    BernersLee2001.
    The problem here is not so much the possibility of paradox, it is the premise that the Web and
    its users can be made to behave according to rules of entailment rigid enough to produce
    satisfactory results. If money, health, safety, or security
    are involved this hardly seems responsible.
    

    
    Another approach might be to chill out, not take life (in particular, machine reasoning and
    computer-based ontologies) so seriously, or perhaps to stop using formal logic to describe the
    informal world and go elsewhere for a solution to the problem of organizing information.
    


        
        
        Librarians are Sexy


    
    In addition to not paying much if any attention to epistemology, the SW folks at the W3C
    don't seem to have paid much attention to the demonstrable success of metadata and
    classification schemes within the field of library science. Now, not all the problems the
    SW is trying to address are related to information organization (e.g., “intelligent”
    agents, military surveillance) but it does seem telling that library science has been so
    summarily ignored. It's perhaps not as sexy as AI, but is demonstrably a lot more
    important in this age of infoglut:  we need information
    organization a lot more than we need robotic butlers, even if we did have
    complete trust in their ability to make important
    decisions for us.
    


    
    Despite the close ties between the W3C and the Online Computer Library Center (OCLC) and
    its Dublin Core metadata project, a recent search of the over 115,000 pages on the W3C Web
    site for the word “librarian” returns only 59 hits, and only 324 for
    “digital library”[5]. So perhaps it's not too surprising that a site search
    for an important text on information organization published by the MIT Press – MIT
    is the founding organization of the W3C – produces no hits. Not a one.
    

    
    For those not acquainted with Elaine Svenonius' book
    The Intellectual Foundation of Information Organization
    Svenonius2000,
    they might be surprised to find lucidly stated solutions to many of the thorny
    “semantic” problems of information systems, vocabulary and metadata design, as
    well as other issues germane to the SW. This is not simply theory but a description of
    demonstrably functional approaches to information organization that are current practice
    within the library world. We'll revisit this later; suffice it to say that Svenonius'
    book has been highly informative in the design of this project.
    


        
    

    
    Background


    
    This section describes the goals, history and requirements of the
    Ceryle Project, and the requirements that led to its design and
    implementation of the Assertion Framework.
    


        
        The Ceryle Project 


    
    The original intent of the Ceryle Project – now in development for over seven years, admittedly a bit
    of a kitchen sink – was to develop a software application to organize notes, planning documents,
    bibliographic references and other research materials, a document management system that permitted user
    creation and management of its own classification system, a bounded (but only partly-controlled)
    vocabulary of terms and relations between those terms, where each term must be defined, and all relations typed,
    again by a defined term.
    


    
    This was simply the next in a long line of attempts at organizing the matériel for a work of historical
    fiction that had overflowed dozens of paper notebooks since the early 1990s. Transcribing those notes to a
    computer hadn't solved the problem, as there were still neither any organizational principles nor tools; I
    found myself spending almost as much time in wading through the morass as I did in research and writing (and as
    a writer I'm an expert procrastinator).
    


    
    After my involvement with the XML Topic Map 1.0 (XTM) specification, the project was also a means of exploring
    how XTM and other XML markup might be merged with various types of library classification systems in supporting
    such a software application.
    


    
    The Ceryle Project began as a content management system (CMS) marrying a text editor, an embedded XML database,
    search engine, various categorization and classification features, and a graph visualization engine. Originally,
    Ceryle was a standalone UI application, but after a few years an embedded web server and wiki were added –
    largely to provide a local rich text editing environment as an alternative to the Java Swing UI. It now resembles
    a digital library application with a relatively sophisticated user interface as well as a web interface and
    nascent RESTful web services.
    


        
        
        Māori Subject Headings & the Iwi Hapū List


    
    The National Library of New Zealand has been a sponsor in the development of two projects that use a thesaurus
    database to organize Māori-related cultural materials:
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Figure 1.Ngā Ūpoko Tukutuku structure
    
      
        	Ngā Ūpoko Tukutuku / Māori Subject Headings (MSH)

        	
        expresses a set of library subject headings in te reo Māori, with mappings to their English subject
        heading equivalents. Documentation (scope notes) and relations between terms are expressed in both languages.
        


      

      
        	Iwi Hapū Names List (IHL)

        	
        expresses the structure of Māori whakapapa (genealogy) from
        waka (canoe) to whakaminenga (confederation)
        to iwi (tribe) to hapū (sub-tribe
        or family group)[6].
        


      

    


    These databases use the standardized thesaurus structure Z3919 to represent existing relationships between records (see Domain Ontology below
    for details).
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Figure 2.Iwi Hapū List structure

    
    The source materials exhibited hierarchical, mereological, collection, and other relation types, which were shoehorned
    into the existing thesaurus relationships. For example, the reflexive HasIwiOf and IsIwiOf
    relations are subclasses of the Z39.19 Broader Term and
    Narrower Term relations, respectively.  The use of thesaurus software as a means of
    library classification system development is not uncommon (Turner, 111-117).
    


    
    One benefit of the project is that it has permitted these two databases to be merged into one system while still
    maintaining their respective scopes. We were lucky in that of the thousands of records there were only two name clashes.
    Had there been a substantial number we may have had to resort to a Wikipedia-like name disambiguation strategy.
    


        
        
        Requirements


    
    In a nutshell, the basic requirements of the Assertion Framework were to provide a wiki environment that permitted
    expression of an underlying structure using a relatively simple wiki-like syntax. In more detail, the system should:
    


    
      	
          presume no underlying model; that the design be able to declare its semantics over clear and
                uncluttered ground

      

      	
          avoid the problems of the simplistic wiki category links but neither require users to learn a
                classification scheme, a set of rules for its use, nor any arcane, complicated syntax — the
                system was to be as "wiki-like" as possible. Any augmentation to wiki functionality
                should also be “wiki-like” and use a syntax that is easy to learn and understand, an
                informal system usable by untrained, lay people, not just “knowledge engineers”
          

      

      	
          permit structuring of the wiki based on explicit typed links (relations) between pages (with page
                names as terms), expressing a graph structure implemented as a user-editable, REST-conforming Web
                service REST, where each URL could be used as a subject identifier
          

      

      	
          permit the user-modifiable structure to be based on an underlying, unmodifiable
                endorsed structure, protecting the endorsed structure while
                permitting view differentiation of the endorsed- from the user-edited structure. This is not to
                advocate a set of truths but permit an expression and differentiation of a
                corporate and public opinion.
          

      

      	
          substantial parts of the semantics (particularly domain-specific predicates) should be
                community-definable
          

      

      	
          all terms in the vocabulary must be defined (and those definitions readily accessible)

      

      	
          expose the structure for improved user navigation

      

      	
          the underlying ontology (structure) must be exposed and shareable across multiple wikis, and use a
                standardized notation (in this case, XTM 1.0 was chosen since the wiki structure is maintained as a
                Topic Map)
          

      

      	
          the overall system must be capable of being archived in such a way as to permit reconstruction of any
                given moment in its history (so as to be able to reconstruct the context of a given assertion), likewise
                users must be able to view snapshots of a set of wiki pages at any given point in the wiki's history
          

      

      	
          be based on modifiable, popular (i.e., relatively stable) open source software

      

    


        
    

    
    Design


    
    This section describes the design of an Assertion Framework, a software library
    that provides capabilities for categorizing, classifying and organizing a repository or corpus of documents; how
    classification and ontology are defined and used
    in the project; the abstractions used in creating assertions and finally how these
    assertions fit together to create an informal ontology.
    


    The following section then describes the implementation of this design.


        
        Classification vs. Ontology


    
    We have a readily available solution for an organizational structure that avoids the epistemological conundrums of
    computer-based ontologies by appealing to the functional (i.e., functionalist) approach of classification systems
    within library science.
    


    
    Svenonius describes a subject language as an artificial language that is used to
    depict what a document is about. It is the language providing the terms used to
    compose a classification scheme. The chapter Subject Languages: Referential and Relational
    Semantics (Svenonius2000, 147-171) begins:
    


    
    
    This chapter looks at the semantic treatment needed to transform a natural language into a
    subject language. […] a subject language is based on a natural language but differs from
    it primarily in the semantic structures it uses to normalize vocabulary by setting up a
    one-to-one relationship between terms and their referents. The referential semantics of a
    subject language deals with the generalized homonym problem. It consists of methods for
    restricting term referents so that any given term has one and only one meaning. The relational
    semantics of a subject language deals with the generalized synonym problem and consists of
    methods for linking terms within similar or related meanings.
    

    


    
    If we consider each page on a wiki as the community's “canonical” information about a
    given subject, with its unique page title serving as a descriptor of that subject, the set of page
    titles taken as a whole comprises the subject language of the wiki. The wiki page name and its associated
    URL act as unambiguous subject identifiers; each use of a term is also a link to its reference documentation.
    


    
    The terms in a subject language differ referentially from those in ontology or in natural language in that
    they do not refer to entities or concepts in the real world but to subjects.
    The extensional meaning of a term in a subject language does not refer to the class of all entities denoted by
    the term but to the class of documents that the term denotes. From an inferential role semantics point of view,
    the evolutionary development of a classification structure based on user design and behavior would (assuming
    active usage) tend towards validating those terms and relations between terms within the classification system
    that are frequently traversed, with infrequently or unused assertional links potentially deprecated or at least
    called into question. This warrants further investigation.
    


        
        
        Homographs, Polysemes and Other Multireferential Words


    
    One of the problems in classification schemes is due to the multireferentiality of words. Briefly,
    homographs are words that are spelled the same but have different meanings.
    Polysemes are words that are spelled the same, have different meanings, but
    their meanings are related. These constitute only two of a variety of what are called
    multireferential words. Even words that aren't usually considered
    multireferential may be interpreted with subtly different meanings when used in different contexts, domains of
    discourse, in different grammatical constructions, or by different people or groups of people (e.g., children
    vs. adults).
    


    
    Library classification systems have dealt with the issue of multireferential terms in various ways. Svenonius
    notes that this can be accomplished either semantically, via domain specification, qualifiers and/or annotations,
    or syntactically (Svenonius2000, 148-155).
    The latter, called nonsemantic disambiguation, is a natural solution for wikis
    where the use of camel-cased combinatory terms as wiki page names is the norm.
    


    
    Over the years wiki communities have discussed at length and less frequently experimented with the use of namespaces,
    similar to the use of colonized tokens in XML. There are a variety of problems with this, such as the incompatibility
    between various characters as delimiters and URLs, but even with a functional syntax the biggest deterrent is likely
    to be the additional complexity for the user.
    


        
        
        Faceted Classification


    
    Classification methodologies used in modern libraries have been profoundly influenced by S.R. Ranganathan's
    Colon Classification system ISKOI,
    developed in the 1930's. While Ranganathan's system[7]
    did not itself survive, it was subsequently a profound influence on other classification schemes, including both
    Dewey Decimal and US Library of Congress (LoC), and led to the development of
    Faceted Classification (FC), where the predominant terms of a given domain of
    knowledge are sorted into homogeneous, mutually exclusive conceptual categories or
    facets, each derived from the parent domain by a single characteristic. FC differs
    from a traditional enumerated scheme in that “it does not assign fixed slots to subjects in sequence, using
    instead clearly defined, mutually exclusive, and collectively exhaustive aspects, properties or characteristics of a
    class or given subject.” Wynar.
    


    
    As an example, Gregory Bateson's seminal work Steps to an Ecology of Mind contains
    the US Library of Congress Cataloging-in-Publication (CIP) data on its copyright page, used by libraries in cataloging
    the book. This includes:
    


    
    
    1. Anthropology, Cultural – Collected works. 2. Knowledge, Theory of – Collected works.
    3. Psychiatry – Collected works. 4. Evolution – Collected works. I. Title. II. Series.
    [DNLM: 1. Anthropology, Cultural – collected works. 2. Ecology – collected works.
    3. Evolution – collected works. 4. Schizophrenic Psychology – collected works.
    5. Thinking – collected works. GN 6 B329s 1972a].
    

    


    
    Anyone interested in this book has a good chance of locating it by subject amongst the plenitude
    found in a library card catalog, even if they cannot remember the title or author. But it is
    rather unfortunate that the categories listed for Steps to an Ecology of Mind
    don't include cybernetics, cognitive science, and systems theory, though Bateson's ideas have been
    profoundly influential in the foundation of these sciences. We can perhaps forgive the librarians who classified
    a book that has broken so many boundaries. All classification schemes have their limitations and failings,
    including the very human problem of an inability to see into the future. The flexibility of allowing classifications
    to evolve without breaking is extremely important, especially during the early stages, where categories are still
    relatively unformed. Notably, this problem plagued expert systems implementations, where later changes to root level
    concepts were very difficult to accomplish (e.g., a change of logical foundations, such as from first order to modal
    logic).
    


    
    Many of the refinements in the system have been in the approach to defining the interrelationships between terms.
    There are two fundamental Faceted Classification relationship types: semantic and syntactic.
    


    
    A semantic relationship is independent of context and is by definition a permanent
    relationship, arising from the subjects involved. Semantic relationships are further divided into three types:
    equivalence relationships, where terms are synonyms (and would be cross-referenced
    under the same category); two types of hierarchical relationships,
    superclass-subclass and mereological (whole-part);
    and affinitive/associative relationships, which are domain-specific relationships
    such as cause and effect, coordination, sequence, genetic, etc.
    


    
    A syntactic relationship is an ad hoc relationship
    denoting otherwise unrelated concepts brought together as a composite subject in a specific context. This is the
    equivalent of how terms would appear together in a common sentence. It operates similarly to how we use keyword
    searches on the Web, such as “biblical archaeology”, “poetry by 12th century Japanese authors”,
    or “medieval weapon manufacture”. This approach is at the heart of the resource organization approach taken
    by most wikis in their use of camel-cased wiki page names. In the Assertion Framework we didn't set out to avoid
    the use of wiki page names as subject identifiers, but were looking to supplant the klunky use of category names by
    use of typed assertions between pages.
    


    
    A highly recommended text on library classification schemes is Essential Classification
    Broughton, whose author is an active researcher in
    Faceted Classification.
    


        
        
        User Tagging or “Folksonomies”


    
    A user tag permits the non-hierarchical assignment of a term or keyword to a
    resource. The syntax of user tagging in most social software sites (e.g., del.icio.us, Flickr) is a simple comma-
    or whitespace-delimited list of tokens. Whereas on these sites users are generally permitted to add tags to a
    resource at will (absent any validation or even spell-checking), in our case this would mean that many or most tags
    would remain undefined and outside the Assertion Framework.
    


    
    Tags could be seen as keywords in a Dublin Core list of subjects and would in our implementation be therefore
    searchable, but we wanted tags to play a larger role than that of metadata given their current popularity.
    


    
    While Faceted Classification permits synthetic classification, its facets are still usually derived from a controlled
    vocabulary. If each tag were represented by a wiki page, where each definition is discoverable, tags could then be seen
    as facets. The decision was therefore made to require each tag to be represented by a wiki page, even if this may be
    seen by some users as onerous. We don't yet have feedback that would permit us to evaluate how this may affect
    the willingness of people to tag resources.
    


        
        
        Assertions


    
    The basic graph design centers around a simple construct called an Assertion, a
    form of simple declarative sentence using the Subject-Predicate-Object grammar common to natural
    language[8]
    as well as other abstract syntaxes (e.g., RDF, where it is called a triple).
    


    In this model each of the three components of the sentence is a Term:


    Subject Predicate Object


    E.g., an Assertion stating that Gary Snyder is a poet might look like:


    GarySnyder IsA Poet


    
    The Terms available for use in Assertions are not composed from a controlled vocabulary in the library sense, but
    given that the validation of a new Assertion uses the set of Terms dynamically derived from the extant wiki pages,
    the vocabulary may not be controlled but is at least nominally defined. Users may create new wiki pages as necessary
    to make available the Terms necessary to their Assertions.
    


    
    The interpretation of an Assertion is similar (but not equivalent) to the definition in
    RDF Semantics:
    


    
    The basic intuition of model-theoretic semantics is that asserting a sentence makes a claim
    about the world: it is another way of saying that the world is, in fact, so arranged as to be
    an interpretation which makes the sentence true. In other words, an assertion amounts to
    stating a constraint on the possible ways the world might be. (RDFSemantics, §1.3)
    

    


    
    Throwing out the assumption of a model theory and discarding any notion of a universal truth, we
    may more usefully consider an assertion in a socio-linguistic sense: a statement of belief made
    by a person about the world. Given that these Assertions are being made by many people in the
    collaborative environment of a wiki, this is quite a reasonable
    stance. In other words, we may infer – based on the stated beliefs of the community –
    a statement of potentially equal believability.
    


    
    The set of the wiki's extant Assertion triples forms a bipartite graph, where each pair of
    Subject and Object Terms are graph nodes linked by their respective Predicates. This bounded
    corpus of Assertions taken together is considered a form of informal
    ontology[9].
    


        
        
        Core Predicates


    
    In simple terms, taxonomy is a restricted form of ontology, a hierarchy where all relations
    share a common ancestor type. Because our design uses hierarchical as well as other relation types
    it cannot be considered a proper taxonomy, but it does include a taxonomic “layer”.
    


    
    Ontological hierarchies can be composed of a variety of formal relations, based on sets,
    classes, collections, etc. (depending on the underlying logic, derivation, and context of use).
    Because we are distinctly trying to avoid connoting formal (e.g., set theoretic) foundations as
    well as promote simple natural language terminology, the names of the predicates avoid formal titles
    but make reference to a formal, traditional relation type in their documentation.
    


    
    There are three fundamental Predicates that compose the core of the ontology:
    


    
      
        	Kind Of

        	the superclass-subclass relation


      

      
        	Is A

        	the class-instance relation


      

      
        	Part Of

        	the mereological part-whole relation


      

    


    
    The "Kind Of" and "Part Of" assertions together form a hybrid hierarchy,
    with instances or individuals related via "Is A" Assertions[10].
    


        

        
        Upper Ontology
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Figure 3.Core Ontology

    
    As with many ontological models, all graph nodes are some descendant of a root Term
    called Thing (“everything is a kind of thing”),
    such that the system is composed of a single connected graph. All Predicates are some
    descendant subclass of an ur-Predicate called
    Relation. The core or base ontology is a very
    simple, as shown in Figure 3, “Core Ontology”.
    


    
    Most Terms are related via a Kind Of (superclass-subclass) relation. The basic
    foundation of the ontology is primarily taxonomic, with some additions of mereological
    components.
    


    Support for Faceted Classification is provided by the relation


    
      
        	Has Facet

        	the facet relation


      

    


    
    With the addition of various additional relations the “upper ontology”
    contains roughly 50 terms and 50 relations.
    


        
        
        Domain Ontology


    
    Domain ontologies using additional affinitive or associative relations are considered
    as “layers” on the Upper Ontology's taxonomical/mereological structure.
    Being domain-related, these are the most likely to be augmented and/or modified by
    users. Syntactic relationships are considered as the coming together of other relationship
    types, e.g., in constructing a character, a setting, an event, or a scene in a narrative
    ontology.
    


    
    The project currently includes two domain ontologies:
    


    
      
        	Z39.19

        	
        
        includes the complete set of terms and relations as described by the Z39.19 standard.
        This includes complete role and relation templates for all Z39.19 predicates actually
        used by the system. All Z39.19 terms and relations are included as Terms even if
        currently unused.
        

        

      

      
        	Māori Subject Headings / Iwi Hapū Names List

        	
        
        this includes the set of terms and relations used in the Māori Subject Headings and
        Iwi Hapū List, with mappings to equivalent relations in Z39.19.
        

        

      

    


    
    Other domain ontologies developed for the Ceryle Project may be included as needed in the project.
    


        

        
        Relationship to Z39.19


    
    The ANSI/NISO standard Z39.19 Guidelines for the Construction, Format, and
    Management of Monolingual Controlled Vocabularies (Z39.19 2005) provides features for
    support of controlled vocabularies, thesaurus terminology and base relation types.
    


    
    This is used in the context of the wiki using the following definitions (where Z39.19
    definitions are in bold):
    


    
      	
        each wiki page is a precoordinated term reifying a single concept or subject

      

      	
        the wiki page name is considered the subject heading

      

      	
        wiki Assertions are used rather than untyped links between pages to establish semantic relationships

      

      	
        the inherent predicate of each Z39.19 semantic relation is reified as a wiki page

      

      	the wiki is considered a controlled vocabulary as dynamically bounded by gamut of wiki pages.
        

      

      	all domain-based predicates are likewise defined as wiki pages


    


    
    Z39.19 defines three types of semantic (as opposed to syntactic) relationships used in
    controlled vocabularies:  Equivalency (§8.2); Hierarchy (§8.3); and Association
    (§8.4).
    


    
    Equivalency relations include synonymy, near synonymy, and lexical variants. This is notably not
    an equivalency relation under any logic, i.e., it does not relate equivalent concepts or entities but
    equivalent terms. Our ontology maps these to Use
    and UsedFor. (This does not map to the logical connective
    Equivalent relation found in our middle ontology, which is used only for
    logical relations.)


    
    Our project mirrors the Hierarchy relations, though sadly the Z39.19 standard
    reflects a common error in knowledge representation texts of conflating IsA with a
    superclass-subclass relation. This results in Z39.19 using the same IsA name for
    the “Generic Relation” (ostensibly, superclass-subclass) and
    “Instance” (class-instance) relations. We provide the two Z39.19 generic
    relations as IsBroaderThan and IsNarrowerThan, with IsRelatedTo used when hierarchy
    is unknown or otherwise not implied.
    In our ontology we use IsA for class-instance and KindOf
    for superclass-subclass, where the latter may be seen as a synonym for IsNarrowerThan.
    The mereological whole-part relation is in our ontology named PartOf.
    Note that we do not differentiate set theoretic from collection-based semantics;
    this is not a formal system.
    


    
    Z39.19 defines eleven Associative relations (e.g., Cause / Effect, Process / Agent),
    and while they are included in the ontology and instantiated as wiki pages, they are
    not used in our source materials hence are not described here further, but again,
    these are considered as relations between vocabulary terms, not logical relations.
    


        
        
        Endorsement


    
    The concept of an endorsed set means that some Terms and Predicates are
    protected from being removed or redefined by users, as they are considered part
    of the required semantics of the application. This was a requirement of the system,
    in that the set of terms and relations delivered to the public may be seen as a
    corporate endorsement of their definition or validity. Given that the public is to
    be permitted the ability to modify portions of this information there must be a
    way to either protect endorsed content or at least be able to differentiate the
    endorsed from unendorsed. This is done via scoping (in the Topic Map sense).
    


    
    User-created Assertions (i.e., those made via plugins on wiki pages) currently
    have no ability to express scope, so their scope in the resulting Topic Map is
    hardwired by the plugin itself.
    


    
    If desired, administrators of the system may wish to develop a workflow-based
    endorsement process (policies and practices) whereby user-created terms and
    predicates can be migrated into the endorsed ontology.
    


        
    

    
    Implementation


    
    While the expression language and the functional implementation of the
    Assertion Framework is largely tied in this instance to its origins in the
    Ceryle Project and/or its current wiki implementation, in abstraction most
    elements of this design could be reused in non-wiki applications.
    


        
        A Software “Framework”


    
    One aspect of Ceryle that was clear early on was that in addition to supporting
    the stated functional requirements it also needed to serve as its own development
    laboratory. Over the years there have been a large number of experiments with
    features, software libraries, conversion tools, visualization capabilities, some
    of which have survived, though many only in backup archives. As a framework it has
    gradually matured and now includes user scripting and various extensibility features.
    The Assertion Framework described in this paper is a module added to the embedded
    wiki functioning within the Ceryle standalone application, but has also been installed
    as part of a generic JSPWiki distribution running on Apache Tomcat; in the latter case
    there are no dependencies on the standalone Ceryle application.
    


        
        
        Choice of Wiki Software


    
    There were two primary requirements that led to the addition of a wiki:  the ability
    to provide simple formatting markup in a non-WYSIWYG text editor; and to provide an online
    and/or collaborative editing environment that could function in either a standalone (local)
    or online environment.
    


    
    The availability of software libraries, compatibility with the Ceryle application as a
    development environment, and my own previous experience made Java the programming language
    of choice.  An evaluation was made among the offerings of web servers and wiki software,
    based on features, ease of embedding, extensibility, stability, and the health of their
    respective communities and/or sponsors. Jetty[11]
    was chosen as the embedded web server (there
    was little competition). No modifications to Jetty were needed apart from some configuration
    and embedding code. Following an evaluation of available open source wiki software applications,
    JSPWiki[12]
    was chosen as the most versatile and extensible for our purposes. In the past year
    JSPWiki has been selected by the Apache Foundation as its wiki solution.
    


        

        
        Data Conversion


    
    The initial content for the present implementation was derived from the Māori Subject Headings
    and Iwi Hapū Names List thesaurus (Z39.19-compliant) databases and converted via Groovy scripts
    into interim XHTML documents, which were then converted into Linear Topic Map (LTM) source files
    to provide a backing structure for the wiki as well as generating an individual wiki page for
    each record.
    


    
    Initially, the database export was only available as a plain text format. The MSH database software
    has been recently upgraded and now supports an XML export, so the Groovy script was updated to
    process the new format. This could have been accomplished via XSLT but the existing investment
    and rapid development of the scripting solution was considered important.
    


        

        
        WikiEvents and the WikiEventManager


    
    While JSPWiki was considered a good foundation, earlier versions of JSPWiki did not include any
    event handling code, so a general purpose WikiEvents API, a number of WikiEvent classes and a
    WikiEventManager (see Figure 4. WikiEventManager)
    were developed for this project. This permitted application-level events to be fired as wiki
    pages were created, edited, renamed, deleted, and displayed. This general purpose wiki events
    API and implementation are now part of the Apache JSPWiki distribution.
    


      [image: WikiEventManager]
          
        
Figure 4.WikiEventManager

    
    Each wiki page editing session fires a number of associated WikiEvents. By filtering on event
    type we can capture specific life cycle events for a wiki page.
    


        

        
        Wiki Plugins


    
    Given that the basic idea was to permit users to make Assertions, we needed a means of
    expressing them using a simple wiki-like syntax. JSPWiki has a number of extensibility
    features, the WikiPlugin API being the most suitable for developing syntax-level functionality.
    


    
    JSPWiki augments its formatting and linking syntax with a plugin syntax, where a reference
    to the plugin name is followed by a plugin body, which may contain one or more named parameters.
    For example, to transclude the wiki page “CopyrightStatement” using the InsertPage
    plugin one would include the following wiki text:
    


    [{InsertPage page='CopyrightStatement'}]


    
    When the WikiEngine encounters this plugin syntax it instantiates a plugin object based on the plugin's name as mapped
    to a Java class name. The plugin object's  method is called and the plugin then performs its programmed tasks.
    


    
    From the user's perspective, our entire system is implemented via a set of custom plugins, as described below. We've
    therefore augmented the default JSPWiki wiki text syntax with an additional assertion-related vocabulary, this vocabulary
    in keeping with the rest of JSPWiki's plugin syntax. Users already familiar with other JSPWiki plugins would find nothing
    unusual using the syntax of these new assertion features, and in fact, some of the plugins simplify the JSPWiki plugin
    syntax by not requiring use of explicit parameters.
    


        
        
        Assertion Plugins


    The implementation provides both assertion expression and query plugins, including:


    
      	Plugin Name	Alias	Description

      	AssertionPlugin	Assert	assert a single Subject-Predicate-Object sentence

      	AssertionFormPlugin	AssertForm	asserts properties based on a form template

      	AssertedPlugin	Asserted	query for Assertions matching a given pattern

      	AssertTagPlugin	Tag	assert one or more tags as properties of the Subject

      	HasAssertedTagOfPlugin	HasTagOf	query for wiki pages matching one or more tags

      	TopicMapPlugin	TopicMap	query the backing Topic Map (administrative use)

    




    The AssertionPlugin syntax is quite simple, just wrapping the abstract assertion syntax:


    [{Assert [GarySnyder] IsA [Poet] }]


    
    Assertion Templates[13]
    use the same syntax but include a flag parameter, using the links to assert the roles
    played by the subject and object in Assertions of that type:
    


    [{Assert template='true' [Instance] IsA [Class] }]


    Likewise, the query syntax is similar but uses parameters:


    [{Asserted predicate='IsA' object='Poet' logic='and' }]


    
    This would return all Assertions having a Predicate “IsA” and an Object of “Poet”. Regular expressions
    are also supported. The current wiki page can be referenced in the syntax by “[.]”.
    


    
    In practice almost all of the plugins developed for the project are domain-specific subclasses of either the
    AssertionPlugin or AssertedPlugin, developed to provide a specific feature based on a shorthand wiki text syntax.
    Some plugins are aliased to provide simpler or alternative names or to preset certain default values. For example,
    the Z39.19 predicates (e.g., “IsNarrowerThan”) were all included by presetting the current wiki page as
    the Subject and a fixed predicate name so that rather than
    


    [{Assert [Whare] IsNarrowerThan [WhareT?puna] }]


    the user need only type


    [{IsNarrowerThan WhareT?puna }]


    
    It is hoped that these types of syntax simplifications will keep users from getting bogged down in the details of the
    syntax. Even the use of the word “assert” might be seen as overly technical by many. As the terminology
    used is easily changed we look forward to improving the system via user feedback.
    


        
        
        User Tagging


    
    A WikiTag feature was developed to provide the ability to tag a wiki page,
    query pages matching one or more tags, or display a tag cloud. This again uses wiki plugins:
    


    
      	Plugin Name	Alias	Description

      	TagPlugin	Tag	assert one or more tags as properties of the Subject

      	HasTagOfPlugin	HasTagOf	query for wiki pages matching one or more tags

      	TagCloudPlugin	TagCloud	display a tag cloud based on a query

    




    Users can add tags to a page using a simplified plugin syntax:


    [{Tag Person Actor Honcho }]


    
    This uses a TagManager that functions independently of the Assertion Framework, so that JSPWiki installations
    can be provided with a user tagging feature and augment the wiki at a later date with the Assertion Framework
    without any change in syntax. In this case, the only change necessary is the addition of the Assertion
    Framework library (jar file) and the re-aliasing of the plugins, e.g., changing the “Tag”
    alias from the TagPlugin to the AssertTagPlugin, the “HasTagOf” alias from the HasTagOfPlugin
    to the HasAssertedTagOfPlugin. JSPWiki provides this configuration feature via an XML file.
    


    
    User tags are instantiated within the system as facets, such that the actual relationship between
    a page and one of its tags is a HasFacet relation. While this is a form of typed
    property assignment, the system does not currently support property
    typing of tags, though this can be done using via an assertion, eg.,
    


    [{Assert [Habermas2006] DC_Title ="The Divided West" }]


    
    But this kind of thing might be seen as pushing the envelope on a wiki…
    


        
        
        Assertion Framework


    
    When an instance of an AssertionPlugin is parsed on a wiki page it fires a subclass of
    WikiEvent called an AssertionEvent. An event listener filtering for AssertionEvents passes this on
    to a parser which generates an Assertion object corresponding to the parameters of the plugin
    syntax. In addition to Subject, Predicate, and Object we also capture the name of its origin wiki
    page and a creation timestamp[14].
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Figure 5.Assertion Framework

    
    The system supporting the expression, generation, caching and querying of Assertion objects
    is called an Assertion Framework
    (see Figure 5, “Assertion Framework”),
    which can be thought of in both static and dynamic terms:  static in the sense that at any point in
    time a snapshot of the system provides the set of extant Assertions; dynamic in the sense that the
    system is mutable, continually changing as people create and modify the wiki pages.
    


    
    The workhorse of the system is the AssertionHandler, which handles all incoming Assertion objects,
    and managing a cache containing the set of all Assertions on the wiki. The initial set of Assertions
    is generated by an AssertionCrawler scan of all pages.
    


    
    The AssertionHandler also provides methods to query the set of Assertions.
    


        
        
        WikiMapManager


    
    In the current implementation, the life of the AssertionHandler is very short. While the Assertion
    Framework using an AssertionHandler is a functional system, our requirements are better met by
    queries from a Topic Map.
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Figure 6.WikiMapManager

    
    Following initialization of the WikiEngine on startup, the AssertionCrawler crawls the wiki pages.
    Once this has finished it fires a completion event which triggers creation of a
    WikiMapManager
    (see Figure 6, “WikiMapManager”),
    which also implements the AssertionHandler API.
    


    
    The WikiMapManager obtains the set of Assertion objects from the existing AssertionHandler and
    converts them into Topics and Associations in an in-memory TopicMap object using the TM4J Topic Map engine.
    


    
    Given our model of Assertions as simple binary relations, the translation to a Topic Map is straightforward.
    As described previously, the Assertion object contains references to the wiki page names for Subject,
    Predicate, and Object, the origin wiki page and a creation timestamp. Each wiki page name reference is
    converted to a Topic whose base name matches the wiki page name, with the page URL as a subject identifier.
    The Predicate is further typed as some descendant class of Relation within the Topic Map's subsumption
    hierarchy for relations. The Assertion itself is converted to a Topic Map Association, typed by the
    Predicate's Topic and also reified as a Topic. The timestamp is added as a property to this Association.
    If any of the wiki page name references match an existing Topic name the existing Topic is used. We are not
    currently scoping page names but will likely add scope to all names in the future given the current
    development project is multilingual.
    


    
    Once this conversion is complete the WikiMapManager usurps the functioning of the existing AssertionHandler
    (which is then destroyed), so that incoming AssertionEvents are now processed as modifications and queries
    on the Topic Map.
    


    
    The author of an Assertion relies upon the ability to read the respective wiki page documentation related
    to the sentence components at the moment of its expression. Since the system is mutable it must also be
    possible to view a snapshot of the system at the moment when the expression was made in order for others to
    interpret the Assertion correctly.
    


        
        
        Topic Map Interfaces


    
    The TopicMapPlugin is currently used to perform diagnostic queries on the Topic Map from a wiki page. The result
    of a query via a wiki plugin can return an XHTML fragment or content which could be processed via a Java Applet,
    so this usage is limited to direct display or visualization features.
    


    
    There have been a few Web service experiments that return Topic Map (XTM) fragments, e.g., Topic and Association
    serializations corresponding to a set of Assertion objects. Though an interesting feature, there is no specific
    application requirement for inter-wiki sharing of structures that can't currently be accomplished via the
    existing XML-RPC features, so this remains as yet undeveloped.
    


    
    Note that “Inferencer” is shown as a small box in the diagram. This is to indicate that this is
    not some big fancy inference engine, just a single Java class that performs simple queries on the Topic Map,
    such as returning simple transitive inferences upon relations whose predicates have been marked as transitive,
    such as ancestor and descendant tests, plus a few utility methods. Most return a boolean value so that they can
    be chained. As this functionality can easily be accommodated within the current use of wiki plugins no additional
    interfaces have been developed.
    


        

        
        Topic Map Modules


    
    One of the features of the system is the ability to provide run-time augmentation with the addition of drop-in
    LTM files as Topic Map modules. For example, if a user creates a wiki page called “Portugal” and
    asserts that Portugal IsA Country, we look up the
    page name in the ISO 3166 Country Codes for Topic Maps, as well as making any additional assertions about that
    Topic based on any Associations in the Topic Map.
    


    
    Modules available, in development, or planned include ontologies for languages and countries, places, place
    names, events, geocode, measurement and datatypes, mappings to other library subject headings, and various other
    subject domains. One idea in the works incorporates a place names to latitude-longitude database to permit
    inclusion of Google Maps. For example, any wiki page asserted as a place would look up its wiki page name in
    the place names database, then use a wiki plugin to insert a Google Map for that location. This remains an area
    ripe for further exploration, and will likely be determined in part by user feedback.
    


        
        
        Endorsement


    
    Implementation-wise, all endorsed Topics and Associations within the backing
    Topic Map are scoped by an endorsing Topic. All user-created content within the Topic Map is either left unscoped,
    or scoped as "Unendorsed". In the case of the Māori Subject Headings and Iwi Hapū Names List,
    their Topics are scoped accordingly so that we may in the future extract Topic Maps corresponding to their
    respective domains.
    


        

        
        Wiki Features


    
    With all of this additional machinery behind the scenes, what effect does this have on the user experience?
    It must be said that, to reiterate one of the requirements, there is little desire to expose a great deal of
    complexity, particularly for readers. We likewise have on occasion decided not to implement a feature when it
    was seen to significantly add to the complexity of either the browsing or editing experience. Thus, most of
    the Assertion Framework features are experienced as links, structure displays or improved search or navigation.
    For example, the generated output from an AssertionPlugin shows the Subject, Predicate and Object as active
    wiki page links. A hideable navigational panel has been added to the page footer that displays any assertions
    or other information queried from the Topic Map for that wiki page.
    


    
    We still have not investigated fully the use of many of these features and look forward to doing so following
    public release of the service.
    


        
    

    
    Next Steps


    
    Some future features are planned and/or partially implemented:
    


    
      	the project is currently being socialized amongst funding organizations


      	further develop query and inferencing functionality


      	provide term equivalence, related term, term aliasing, and term disambiguation features, both
                      manual (explicit) and automated (implicit) to deal with both homonyms and polysemes
                

      

      	provide enhanced search features based on assertions, tags, and collative terms


      	protect endorsed terms and relations using scope


      	permit scope-based filtering on queries


      	further develop basic ontologies and improve existing documentation


      	create forums for discussion of ontology development


      	with a current reliance on RecentChanges to manually discover errors, develop features for
                      structural analysis and validation


      	develop features to assist users in classifying new wiki pages (terms)


      	develop drop-in Topic Map-based ontologies


      	wiki hive functionality (sharing classifications across multiple wikis)


      	develop administrative features


      	develop (likely off-line) visualization features for analysis of the wiki structure
                

      

      	develop better internationalization/localization support


      	develop a RESTful web service providing queries on the Topic Map


      	performance improvement & scalability testing


    


    

    
    Conclusion


    
    The Assertion Framework is still in a prototype state so there are many questions as to the viability of both
    the approach and implementation. An upcoming National Library of New Zealand project related to the Māori
    Subject Headings has been proposed that would use two wikis to perform a cross-dialect comparison of terms
    between the predominant te reo Māori language and a Taranaki dialect. We look forward to testing the
    system in a semi-controlled environment.
    


    
    This paper has put a substantial focus on epistemological and design issues rather than on implementation details.
    The reason for this is that the central innovation is not seen as the marrying of a Topic Map engine with a wiki
    – any programmer could accomplish that – but in the investigation into what the use of this
    means, i.e., does the expression of declarative statements incur an entailment
    or not? And if so, of what order? Surely there is no single answer to this question, but in the same way as people
    commonly anthropomorphize machines (hell, we anthropomorphize rocks), this paper
    is, if anything, meant to inject a note of caution into inferring that the systems we develop do more than they do,
    that our claims notwithstanding we are in large part still playing with toys.
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Notes

      We define category as an ad hoc division within a subject domain
      absent an explicit classification scheme. Whereas classification may be said to be systematic,
      categorization need not be. Categorization is a preliminary process in the creation of a classification
      scheme but in informal or colloquial systems may be the only process. In library science a category is
      sometimes considered synonymous with a facet (from Faceted Classification).
      

    
View note in Notes section
subsequently, “SW”

    
View note in Notes section

      To be fair to the SW folks, these charges are hardly new, and reflect the same issues present over three
      decades ago with the similar academic flourish of “artificial intelligence”, which assuredly
      after all these years still deserves quote marks.
      

    
View note in Notes section

      It seems that few researchers and/or developers understand RDF Semantics much less
      follow it in practice, given that the majority of projects I've reviewed bear little relation to the RDF
      model theory, either in definition or stated references. Indeed, many seem to be in direct conflict with
      one or more RDF axioms or have extended it in ways contradictory to the model theory (e.g., reference to
      non-FOL logics, non-monotonicity). I've long thought that the buzz over RDF is simply a misplaced
      enthusiasm for basic graph theory.
      

    
View note in Notes section
accessed 21 April 2008

    
View note in Notes section

          It does not currently include the whānau (family unit), but in
          the future a public version of the site may permit individuals to create pages for their own whānau.
          ‘wh’ in te reo Māori is pronounced as an ‘f’, e.g., whānau is
          pronounced “faah′-na-u”.
          

        
View note in Notes section

      Ranganathan's scheme included five “fundamental” facets: Personality, Matter, Energy, Space
      and Time. Contemporary FC research tends to ignore this archaism but retains the methodology.
      

    
View note in Notes section
This could also be localized for VSO or other grammars as necessary; the specific syntax is unimportant.

    
View note in Notes section

      We will subsequently be using the term “ontology” in this context, i.e., without
      reference to any formalized model theory.
      

    
View note in Notes section

      For brevity' sake, not all details are included here, e.g., the Terms defined for roles
      played in each relation type have not been included; other ontological structures have been
      simplified or omitted.
      

    
View note in Notes section
see http://www.mortbay.org/

    
View note in Notes section
see http://www.jspwiki.org/

    
View note in Notes section
i.e., a template for all Assertions using that Predicate.

    
View note in Notes section
as described in the previous section, name-value property assertions are supported.

    
View note in Notes section
Note: all Web references accessed as of 18 April 2008.
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  It is clear that constraining document structure is a very
  important part of document production. We test whether or not our
  XML documents are properly constrained through the process of
  validation. The … purpose of validation is to subject a
  document … to a test, to determine whether it conforms to a given
  set of external criteria. … Our need to test is simply explained and
  understood (so much so that it rarely needs to be explicated): if
  there exists a point in a process where it is less expensive to
  discover and correct problems than it is to save the work of testing
  and fix at later points, it is profitable to introduce a
  test.[1]
  

  Michael Sperberg-McQueen may have summed this importance up
  best when he advised constrain your data early and
  often, which he often did.[2]
  (It helped that he lived in Chicago at the time.)

  So it is obvious that constraints need to be expressed in a
  formal language of some sort. Many such general-purpose formal
  languages are available, including closed schema languages like DTDs
  and RELAX NG, and open schema languages like Schematron and CLiX.
  Furthermore at least one literate encoding language exists in which
  such constraints along with documentation about them can be
  expressed. This language is called ODD (for “one document does it
  all”) — constraints expressed in other languages (DTDs, RELAX NG, or
  XML Schema; in theory others as well) can be derived from a set of
  constraints expressed in ODD.[3][4][5][6]
  Furthermore there are systems of constraint based on special-purpose
  languages, rather than general-purpose languages. The feature system
  declaration created by the Text Encoding Initiative (TEI) and now
  being incorporated into ISO 24610-2 is an example — a set of XML
  elements (the feature system declaration) that can be used to
  constrain the expression of another set of XML elements (the feature
  structure itself).[7]

  So the choice of how to express a
  particular constraint is not always obvious. But a related question
  is perhaps just as important: where should
  these constraints be expressed? What are the consequences of
  expressing them in different places?

  This paper will attempt to shed light on these general
  questions by taking an in-depth look at the possible locations for
  the expression of one particular kind of constraint, and the
  consequences of those different locations. The constraint discussed
  will be that of limiting the value an attribute may take to one of
  an enumerated list of possible values. For simplicity the presumed
  setting for this constraint will be in a TEI document, but the
  principles should be equally applicable to any other encoding
  language that separates the document from its metadata, including
  DocBook or XHTML. The locations considered will be
  

    	the “normal” way, in the formal closed schema (RELAX NG
    will be used as the example)


    	in a formal open schema (ISO Schematron will be used as the example)


    	in the metadata element (i.e.
    <teiHeader>)


    	in a separate metadata file


    	in the metaschema file (i.e. the ODD file)


    	no formal constraint


  

  Each of the latter methods will be compared to and contrasted with
  the first.

  
    Use Case

    There are lots of reasons to wish to constrain markup
    constructs, in particular attribute values. One case worth
    considering is the markup project which has tens or hundreds of
    occurrences of a particular attribute in each of tens or hundreds
    of files, where the list of possible values for the attribute is
    different for each file.

    Imagine, e.g., an epigraphy project transcribing thousands
    of inscriptions on various objects. Imagine further that the
    inscriptions are divided among 27 separate files, organized by
    some criteria other than the kind of object that bears the
    inscription (e.g. date the object was discovered, current museum in
    which it is held, whatever). That which the text bearing object is
    made of is recorded in a TEI manuscript description on the
    material= attribute of the
    <supportDesc> element. Possible values might
    include "bronze", "marble",
    "limestone", "plaster",
    "wood", etc.

    Such a typical humanities computing project is likely to have:
    

      	a subject matter expert


      	an XML expert


      	encoders — getting the extant text into
      XML-encoded digital form may be accomplished in a variety of
      ways:
      

  	typed from source


  	post-OCR editing


  	via an external vendor


      


      	proofreaders, managers, web designers, research assistants, etc.


    

  
  
    Background

    
      Open vs Closed vs Extensible Schemas

      Formal schema languages can generally be categorized into
      one of two types: open or closed. A closed schema language like
      RELAX NG specifies a complete document grammar. Only those
      documents that meet all of the constraints of the grammar are
      considered valid; all others are rejected as invalid.

      An open schema language, like Schematron, specifies
      particular rules. Documents that violate the specified rules are
      rejected as invalid; all others are accepted as valid.

      One can think of closed schema languages as a white list
      spam filter, and closed schema languages as a black list spam
      filter. Using a white list (closed schema language) only e-mail
      from the addresses specified get through, all others are
      rejected as spam. Using a black list (open schema language) any
      e-mail that is on the list of problematic addresses is rejected
      as spam, all others are allowed through.

      Of course the situation is not as simple as that. One can
      specify some open constructs in many closed schema languages,
      and one can write sufficiently tight rules in most open
      languages that they behave like a closed language.

      For example, validation against the following complete
      RELAX NG grammar will permit any XML document as long as it has
      a <foo> element with a bar=
      attribute as the first child of the root element.
      
start = element * { any_attribute*, foo, any_element* }
any_attribute = attribute * { text }
any_element = element * { any* }
any = ( any_attribute | any_element | text )
any_sans_bar = ( attribute * - ( bar ) { text } | any_element | text )
foo = element foo { attribute bar { text }, any_sans_bar* }

      Conversely, validation against the following Schematron
      rule will permit only those documents that have one
      <platypus> element with a bill=
      attribute that has the value "duck" as the only
      child of the root <enigma> element.
      
  <pattern>
    <rule context="/*">
      <assert test="name(.)='enigma'">Root element must be "enigma"</assert>
      <report test="@*">Root "enigma" element can not have attributes</report>
      <assert test="count(child::*)=1">"enigma" can only have one child 
      ("platypus")</assert>
      <assert test="count(child::platypus)=1">"enigma" can only have one 
      "platypus" child</assert>
      <report test="child::text()[not(normalize-space(.)='')]">"enigma" is 
      not allowed to have text, just "platypus"</report>
    </rule>
    <rule context="/enigma/platypus">
      <assert test="@*[name(.)='bill']">"platypus" must have a bill= 
      attribute</assert>
      <report test="@*[not(name(.)='bill')]">"platypus" must not have any 
      attributes other than bill=</report>
      <report test="child::*">"platypus" must be empty (i.e., can not have 
      child elements)</report>
      <assert test="string-length( normalize-space(.) ) = 0">"platypus" 
      must be empty (i.e., can not contain text)</assert>
    </rule>
    <rule context="/enigma/platypus/@bill">
      <assert test="normalize-space(.)='duck'">The value of bill= of 
      "platypus" must be 'duck'</assert>
    </rule>
  </pattern>

      These reverse uses of open and closed schema languages may
      be thought of as analogous to black-list or white-list spam
      filters that permit wildcards.

      Neither of the above examples are particularly good ways
      of performing the desired validation, but they serve as
      proofs-of-concept that when we refer to a schema language as
      “open” or “closed”, we may be referring to its default, and not
      its only, behavior.

      There is one further twist worth mentioning. Some modular
      XML document systems, including DocBook and TEI, permit a user
      of the system to generate (closed) schemas that contain not only
      the element and attribute declarations native to the system, but
      also additional declarations for constructs added by the
      user.

    
    
      Literate Encoding

      Literate programming is a style of programming intended to
      make computer documentation better by, among other things,
      placing the documentation and source code in the same computer
      file. The TEI has applied this concept to the schemas used to
      validate documents to help ascertain whether or not they conform
      to the TEI Guidelines. The source code from which the schemas
      are generated and the prose documentation that make up the bulk
      of the TEI Guidelines are stored in one computer
      document.

      In order to facilitate this, and in order to help make it
      easy to extract formal schemas in any of a variety of popular
      languages, the formal constraints are (for the most part)
      expressed in the TEI language, rather than any particular schema
      language.

      Thus the TEI Guidelines proper (some 32 chapters of prose
      documentation), formal schemas expressed in RELAX NG, the XML
      DTD language, or the W3C Schema language, and reference
      documentation for those schemas, are all extracted from the same
      single document. We say that this “one document does” it all,
      and thus it is referred to as an ODD document.

    
  
  
    In the Closed Schema (RELAX NG file)

    
      how

      Many are probably quite familiar with the mechanism for
      constraining an enumerated attribute in a formal closed schema
      language. E.g., in RELAX NG (compact syntax), the possible
      values of the type= attribute (in this case, of the
      <name> element) could be constrained with a
      construct like
      
attribute type { "person" | "place" | "ship" | "sword" }

      A variety of readily available off-the-shelf software will test
      whether or not a document is valid with respect to a RELAX NG
      schema.

    
    
      advantages

      This method is extremely common for a reason: it makes a
      lot of sense. In many, many cases XML document structure is
      already governed by an external closed schema. These external
      schemas, at least when written in one of the three major
      languages (DTD, RELAX NG, W3C XML Schema) are generally easy to
      read and process. They describe the constraint in a standard
      formal language that has wide software support, including open
      source validators.

      These languages typically provide the capability to
      specify a variety of structural and content constraints on XML
      documents. In particular, they provide the capability needed
      here: to constrain the set of possible values of the
      type= attribute to one of a list of possibilities.
      [8]

    
    
      disadvantages

      In many cases, the person or persons who write and
      maintain the external schema is not the same as the person or
      persons who create the XML instances (or the programs that write
      the XML instances) that conform to it. In these cases, those who
      create the instances often do not have either the necessary
      knowledge (e.g., knowing the schema language) or capability
      (e.g., having read-write access to the schema) to make changes
      to it.

      Furthermore in many cases (whether the instance creator is
      the same as the schema maintainer or not), a single external
      schema governs the validity of dozens or even tens of thousands
      of XML instances. But the desired constraints on a particular
      attribute may be different in different instances. Typically in
      these cases the schema limits the attribute to one of a set
      that is the union of all possible values in all governed
      documents. Here adding the additional constraint of only
      these values in this document
      requires making a separate schema that is like the original in
      all respects except for the declaration of the
      type= attribute of <name>.

    
  
  
    In the Open Schema (ISO Schematron)

      Many are probably quite familiar with the mechanism for
      constraining an enumerated attribute in a formal open schema
      language. E.g., in Schematron (DSDL part 4), the possible values
      of the type= attribute of the TEI
      <name> element could be constrained with a
      construct like
      
<pattern>
  <rule context="tei:name/@type">
    <assert test="normalize-space(.)='person'
               or normalize-space(.)='place'
               or normalize-space(.)='ship'
               or normalize-space(.)='sword'">
      Names can only be of people, places, ships, or swords
    </assert>
  </rule>
</pattern>

    While the use of open vs closed schemas have a lot of
    advantages and disadvantages to the schema designer, with respect
    to this particular question, the advantages and disadvantages are
    primarily the same: while the constraint can be expressed in a
    formal, widely supported language, and can be tested with readily
    available tools, it is still in a separate file that may support
    many documents, that may not be accessible, and that uses a
    language that may be foreign to those who would like to change it.

    There is one additional disadvantage of Schematron in
    particular with respect to RELAX NG: it is harder to annotate the
    Schematron schema than the RELAX NG schema. RELAX NG deliberately
    permits elements from other namespaces to be mixed in with the
    RELAX NG specifications, and defines where annotations relating to
    particular structures should go. Furthermore, because the four
    tokens against which we are trying to validate are expressed as
    four separate elements (in the XML syntax), there is a place to
    annotate each separately (the <a:documentation>
    element follows the <rng:value> element to which it
    refers). Schematron also has a built-in documentation feature (a
    <p> element), but because all four tokens are
    tucked into a single XPath expression, it is a bit harder to
    discuss them individually. This is partially confounded because
    <p> is not permitted in <rule>,
    <assert>, or <report>, making it
    difficult to put the documentation close to the code. This is
    partially alleviated because elements from foreign namespaces are
    permitted in those spaces, and inside <p>. Thus
    something like the following construct could be used to provide
    documentation of such a constraint.

<pattern>
  <p class="annotation">The various values for <tei:att>type</tei:att> of 
    <tei:gi>name</tei:gi> came about as follows: <tei:list type="gloss">
      <tei:label>
        <tei:val>person</tei:val>
      </tei:label>
      <tei:item>Added 2007-04-17 when we removed <tei:gi>persName</tei:gi></tei:item>
      <tei:label>
        <tei:val>place</tei:val>
      </tei:label>
      <tei:item>Added 2007-04-17 when we removed <tei:gi>placeName</tei:gi></tei:item>
      <tei:label>
        <tei:val>ship</tei:val>
      </tei:label>
      <tei:item>Added 2007-04-17 in order to accommodate the various ship names</tei:item>
      <tei:label>
        <tei:val>ship</tei:val>
      </tei:label>
      <tei:item>Added 2007-10-02 when we found a reference to "Excalibur" that the
        professor needed to annotate</tei:item>
    </tei:list>
  </p>
  <rule context="tei:name/@type">
    <tei:note><tei:att>type</tei:att> of <tei:gi>rs</tei:gi> is matched elsewhere.</tei:note>
    <assert test=".='person' or .='place' or .='ship' or .='sword'"> Names may only be 
      of people, places, ships, or swords </assert>
  </rule>
</pattern>

  
  
    In the Metaschema (ODD file)

    
      how

      The same constraint might be expressed, at a slightly
      higher level of abstraction and combined with some
      documentation, using the ODD literate encoding language:
      

<attDef ident="type">
  <valList type="closed">
    <valItem ident="person">
      <desc>The name refers to a person</desc>
    </valItem>
    <valItem ident="place">
      <desc>The name refers to a political or man-made region, for example
        a city, country, hamlet, town, or neighborhood. For geographical
        places such as rivers or valleys, use <gi>geogName</gi></desc>
    </valItem>
    <valItem ident="ship">
      <desc>The name refers to a ship, whether sea-worthy, interplanetary,
        or interstellar</desc>
    </valItem>
    <valItem ident="sword">
      <desc>The name refers to a sword</desc>
    </valItem>
  </valList>
</attDef>

      There exists software that will tangle ODD
      specifications like the above into formal declarations in one of
      several schema languages, including RELAX NG. Then any of the
      same variety of readily available off-the-shelf software could
      be used to test validity.

      Furthermore, there exists software that will
      weave the same specification above into easily
      readable hyperlinked documentation.

    
    
      advantages

      The advantages of literate programming are well
      understood, and include more easily readable and understandable
      source code, and that documentation (because it is right next to
      the source code) is more likely to match the program and be
      updated when the source code changes.[9] These advantages apply here as well.
      In addition, at least for those familiar with TEI, there is the
      advantage that the language used to describe the constraints is
      a TEI language, so schema designers are likely to be familiar
      with at least the documentation paradigm for the specialized
      schema-description elements, if not the elements themselves; in
      addition, they are likely familiar with the generic TEI elements
      (like <desc>, above) that are used in addition
      to the specialized elements.

    
    
      disadvantages

      The disadvantages of the external schema (whether open or
      closed) are present here as well. Furthermore, an extra
      processing step is required to generate (i.e.
      tangle) a schema that itself can be used to
      validate instances using off-the-shelf software. In addition, at
      least for those who are not intimately familiar with TEI, there
      is the disadvantage that the language used to describe the
      constraints is primarily a TEI language, so schema designers may
      not be familiar with the specialized schema-description
      elements.

    
  
  
    In the Metadata (<teiHeader>)

    
      how — pointing

      It should be quite feasible to develop a mechanism for
      expressing the list of possible values of an attribute in the
      same document in a rather abstract way. For
      example:
<codeGrp elementTypes="name rs" attributes="type">
  <codeDef xml:id="person">The name or string refers to a
    person</codeDef>
  <codeDef xml:id="place">The name or string refers to a
    political or man-made region, for example a city, country,
    hamlet, town, or neighborhood. For geographical places such as
    rivers or valleys, use <gi>geogName</gi></codeDef>
  <codeDef xml:id="ship">The name or string refers to a ship,
    whether sea-worthy, interplanetary, or
    interstellar</codeDef>
  <codeDef xml:id="sword">The name or string refers to a
    sword, <foreign xml:lang="fr">main-gauche</foreign>, switchblade,
    or other edged weapon</codeDef>
</codeGrp>

      Given this encoding in the <teiHeader>, the
      <name> element could have type=
      values of "#person", "#place", etc.
      Software could be developed to validate that the value of
      type= of <name> is a URI that
      points to an element whose parent <codeGrp> has
      "name" in its elementTypes= list and
      "type" in its attributes= list. (I
      believe that Schematron code could probably be used for this
      test, but have not yet demonstrated this.) Note that the check
      does not specify the element type of the child of
      <codeGrp>. This gives the flexibility to have
      special-purpose <codeDef>-like elements that
      might provide structured information about the value. E.g., one
      can well imagine the TEI’s <handNote> element being
      used in this way.

    
    
      advantages

      This mechanism has significant potential advantages,
      particularly in cases where one schema is used for many files
      which may have different attribute constraint requirements. For
      most users it is much easier to change something in the same
      file they are working on, rather then needing to make changes to
      an external schema, particularly an external schema that may be
      in a language the user does not know or in a file to which the
      user does not have write access, and particularly changes that
      might inadvertently invalidate other existing instances. Thus
      the encoder, as opposed to the schema-designer, can add, remove,
      or change a value quite easily.

      Another advantage is that the information about to what
      values the attribute is constrained, and what those values mean,
      is an integral part of the document. This means that this
      information will survive in the situation where a document
      instance is sent along without its schema or documentation.
      Furthermore the list of values in different files at a given
      project could be slightly different.

      Moreover, the particular system shown here has the
      advantage that it uses a mechanism most users are already
      familiar with: xml:id= and relative URIs (i.e.,
      bare name fragment identifiers). It is worth noting, though,
      that there is no requirement that the URIs be bare name
      fragment identifiers, which permits this system to quickly and
      easily be changed to that which is discussed in In the Metadata (separate file).

    
    
      disadvantages

      This system has obvious inefficiencies when multiple,
      perhaps thousands, of document instances share the same
      constraints — the same information is repeated in each
      file.

      Another significant disadvantage of this method is that we
      are using a non-standard language for constraint and
      documentation. The question, then, is whether or not this system
      is demonstrably significantly better than what can be obtained
      using standard languages.[10]

      Lastly the fact that this system uses the URI pointing
      mechanism produces a disadvantages, one of which is
      severely problematic:
      

  	of minor annoyance is that the user needs to
  encode a hash-mark (#, U+0023) at
  the beginning of each value;


  	the fact that values are restricted to XML
  Names could be a problem in some situations;


  	but far more problematic, because
  xml:id= needs to be unique within the document,
  any given possible attribute value can only occur on one
  attribute (although that attribute could be on multiple
  elements) — furthermore, no other element elsewhere in
      the document can use the same string as one of these attribute
      values as its identifier.

  

      

    
    
      how — co-reference

      Those last disadvantages that are the result of using
      xml:id= and URIs could be circumvented by matching
      the attribute values, rather than using a true pointer (e.g.
      ID/IDREF or URI). In the <teiHeader> the enumeration
      of the possible attribute values would look almost the same, but
      would use a different attribute for storing the actual
      value.

      <codeGrp elementTypes="name rs" attributes="type">
  <codeDef attrVal="person">The name or string refers to a
    person</codeDef>
  <codeDef attrVal="place">The name or string refers to a
    political or man-made region, for example a city, country,
    hamlet, town, or neighborhood. For geographical places such as
    rivers or valleys, use <gi>geogName</gi></codeDef>
  <codeDef attrVal="ship">The name or string refers to a ship,
    whether sea-worthy, interplanetary, or
    interstellar</codeDef>
  <codeDef attrVal="sword">The name or string refers to a
    sword, <foreign xml:lang="fr">main-gauche</foreign>, switchblade,
    or other edged weapon</codeDef>
</codeGrp>

      Software could be developed to validate that the value of
      type= of <name> is a string that
      matches the attrVal= attribute of an element whose
      parent <codeGrp> has "name" in its
      elementTypes= list and "type" in its
      attribute= list. (I believe that Schematron code
      could probably be used for this test, but have not yet
      demonstrated this. Certainly XSLT 1.0 can transform this into
      simple Schematron; this I have demonstrated, see <codeGrp> to Schematron.) Note that the check does not
      specify the element type of the child of
      <codeGrp>. This gives the flexibility to have
      special-purpose <codeDef>-like elements that
      might provide structured information about the value. E.g., one
      can well imagine the TEI’s <handNote> element
      being used in this way.

      This system avoids the disadvantages of using
      xml:id=, and yet has several advantages over
      external schema files. E.g., encoders can quickly and easily add
      values to closed lists, in a manner that does not run the the
      risk that they might break the rest of the schema. I find the
      case of the encoder who wishes to quickly and easily express
      stricter constraints on her attribute values in a given file
      than those that come with the generic external schema very
      compelling.

    
  
  
    In the Metadata (separate file)

    In the method described in how — pointing
    the values of the type= attribute of
    <name> are URIs. Because of this, it would be
    feasible to store the <codeGrp> element with
    xml:id= attributes in a project-wide
    “attribute_definitions.xml” file. While this has the advantage
    of flexibility and reusability, it presents the sizable
    disadvantage that the attribute values would now depend on
    details of system features external to the document. E.g., the
    ability to validate <name
    type="../attribute_definitions.xml#sword"> breaks if the
    current file is moved to a sub-directory.

    Furthermore, if the <codeGrp> is stored in a
    separate file, the maintenance issues are almost the same as those
    for a separate closed schema (e.g., a RELAX NG grammar), open
    schema (e.g., a Schematron schema), or metaschema (e.g., a TEI
    ODD): those who have reason to change the constraints expressed
    may not have the write-permissions necessary to do so, and if they
    do may be at risk for invalidating files other than the one being
    worked on.

    So in some cases (in particular, the scenario sketched out
    in Use Case) it makes lots of sense to leave the
    formal constraints for some aspects of a document in the metadata
    section of that document itself, e.g. in the
    <teiHeader>. But having convinced ourselves there
    is a need to be able to express constraints in a different
    place than is usual, why require a separate
    formal construct to express the constraint? Why not include RELAX
    NG, Schematron, or ODD markup constructs in the
    <teiHeader> directly?[11]
    This is worthy of consideration, but is outside the scope of the
    current paper.

  
  
  <codeGrp> to Schematron

  The following XSLT 1.0 stylesheet is a proof-of-concept
  demonstration for transforming the <codeGrp>
  elements discussed above into Schematron that could be used to
  validate that an XML instance used only the mentioned possible
  values of the attribute specified.

  <?xml version="1.0" encoding="UTF-8"?>
<!-- Tranform my mythical <codeGrp> elements into a Schematron schema -->
<!-- Copyleft 2008 Syd Bauman -->
<!-- Last updated: 2008-08-31 -->
<xsl:stylesheet version="1.0"
  xmlns:xsl="http://www.w3.org/1999/XSL/Transform"
  xmlns:sch="http://purl.oclc.org/dsdl/schematron">

  <xsl:template match="/">
    <!-- only mess with <codeGrp> elements; if there are none, we do nothing -->
    <!-- Note that we presume each <codeGrp> has both elementTypes= and  -->
    <!-- attriubtes= specified and that their values are lists of one or more -->
    <!-- XML Names. No error-checking for this here, schema validation should -->
    <!-- have already flagged any that don't have both required attributes or -->
    <!-- have inappropriate values. -->
    <xsl:if test="//codeGrp">
      <!-- if there is one (or more) we write out a Schematron schema -->
      <sch:schema>
        <sch:ns uri="http://www.tei-c.org/ns/1.0" prefix="tei"/>
        <!-- and process each <codeGrp> into it -->
        <xsl:apply-templates select="//codeGrp"/>
      </sch:schema>
    </xsl:if>
  </xsl:template>

  <!-- Each <codeGrp> becomes a Schematron <pattern> -->
  <xsl:template match="codeGrp">
    <sch:pattern>
      <!-- append a blank to the GI list for easier parsing later -->
      <xsl:variable name="elementTypes" select="concat(normalize-space(@elementTypes),' ')"/>
      <!-- append a blank to the attribute name list for easier parsing later -->
      <xsl:variable name="attributes" select="concat(normalize-space(@attributes),' ')"/>
      <!-- Each GI/attribute pair becomes a Schematron <rule> -->
      <!-- A little more detail: each paired combination of -->
      <!-- 1. a GI listed on my elementTypes= attribute, and -->
      <!-- 2. an attribute name listed on my attributes= attribte -->
      <!-- becomes a <rule>. We do this by processing each GI in  -->
      <!-- a recursive template, which in turn calls another recursive -->
      <!-- template for the list of attributes. -->
      <xsl:call-template name="elementTypes">
        <xsl:with-param name="gis" select="$elementTypes"/>
        <xsl:with-param name="attrs" select="$attributes"/>
      </xsl:call-template>
    </sch:pattern>
  </xsl:template>

  <!-- Each GI listed on the elementTypes= attribute gets processed separately -->
  <xsl:template name="elementTypes">
    <xsl:param name="gis"/>
    <xsl:param name="attrs"/>
    <!-- Taking advantage of that ending blank, parse off the 1st GI -->
    <xsl:variable name="this_gi" select="substring-before($gis,' ')"/>
    <xsl:variable name="rest" select="substring-after($gis,' ')"/>
    <!-- call attributes template to do the work for this particular GI -->
    <xsl:call-template name="attributes">
      <xsl:with-param name="gi" select="$this_gi"/>
      <xsl:with-param name="attrs" select="$attrs"/>
    </xsl:call-template>
    <!-- and do the same thing (via recursion) for the rest of the GIs, if any -->
    <xsl:if test="string-length($rest) > 1">
      <xsl:call-template name="elementTypes">
        <xsl:with-param name="gis" select="$rest"/>
        <xsl:with-param name="attrs" select="$attrs"/>
      </xsl:call-template>
    </xsl:if>
  </xsl:template>

  <!-- Each attibute name on the attributes= attribute gets processed in combination -->
  <!-- with the current GI -->
  <xsl:template name="attributes">
    <xsl:param name="gi"/>
    <xsl:param name="attrs"/>
    <!-- Taking advantage of that ending blank, parse off the 1st attribute -->
    <xsl:variable name="this_attr" select="substring-before($attrs,' ')"/>
    <xsl:variable name="rest" select="substring-after($attrs,' ')"/>
    <!-- make a rule out of it -->
    <xsl:element name="sch:rule">
      <xsl:attribute name="context">
        <!-- There must be a better way to do this ... -->
        <xsl:text>tei:</xsl:text>
        <xsl:value-of select="$gi"/>
        <xsl:text>/@</xsl:text>
        <xsl:value-of select="$this_attr"/>
      </xsl:attribute>
      <xsl:variable name="numVals" select="count(child::*/@attrVal)"/>
      <!-- if I have no children with attrVal= specified, then don't -->
      <!-- generate any assertions (luckily an emtpy <rule> is valid -->
      <!-- in Schematron). -->
      <xsl:if test="$numVals > 0">
        <xsl:element name="sch:assert">
          <!-- Probably would be better to generate this test (i.e., the expression -->
          <!-- that is the value of this output test= attribute) only once per attrVal=, -->
          <!-- rather once for each attrVal= for each GI/attr combination. -->
          <xsl:attribute name="test">
            <xsl:for-each select="child::*/@attrVal">
              <xsl:text>.='</xsl:text>
              <xsl:value-of select="."/>
              <xsl:text>'</xsl:text>
              <xsl:if test="$numVals > 1  and  position() != last()">
                <xsl:text> or </xsl:text>
              </xsl:if>
            </xsl:for-each>
          </xsl:attribute>
        </xsl:element>
      </xsl:if>
    </xsl:element>
    <!-- and do the same thing (via recursion) for the rest of the attributes, if any -->
    <xsl:if test="string-length($rest) > 1">
      <xsl:call-template name="attributes">
        <xsl:with-param name="gi" select="$gi"/>
        <xsl:with-param name="attrs" select="$rest"/>
      </xsl:call-template>
    </xsl:if>
  </xsl:template>

</xsl:stylesheet>
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			Abstract
As XPath predicates are involved, XSD 1.1 conditional declarations make difficult the problem of statically verifying whether a type is a legal restriction of its base. The XSD 1.1 current draft adopts a full dynamic approach to the problem. In this paper we propose a hybrid solution (neither completely static, nor completely dynamic) to the same problem.
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		Introduction

		In this paper we propose an hybrid solution to the problem of verifying whether a type is a legal restriction of its base in XSD 1.1.

		Version 1.1 of XML Schema (XSD) in now in Working Draft [entryXSD1.1-structures, entryXSD1.1-datatypes]. One of the most important features introduced by XSD 1.1 is Conditional Type Assignment, i.e., the possibility for element declarations to assign a type based on XPath predicates. CTA is meant to address one of the most evident limitations of XSD 1.0: the co-constraint definition support.

		The CTA introduction in XSD arises an issue concerning the derivation by restriction between types containing conditional declarations. Indeed, the type actually assigned by a conditional declaration can be known at run-time only and it may vary from element to element. Thus the problem of statically verifying whether a type is a legal restriction of its base when conditional declarations are involved is difficult. It is possible to identify three alternative approaches to the problem:

		
				
				Limiting the CTA usage in type restrictions.

			

				
				Dynamic verification: at schema compile time no check is performed, but if at run-time we have a document proving that a type is not a legal restriction of its base, an error is thrown.

			

				
				Hybrid approach: similar to the previous approach, with the exception that at schema compile time some analysis is performed providing the dynamic phase information that might decrease the operations to be performed.

			

		

		Co-occurrence constraints (also known as co-constraints ) are rules relating the presence and values of elements and attributes that may occur in distinct fragments of an XML document. E.g., we have a co-constraint when an attribute value governs the content of an element, or when two attributes are in some logic/arithmetic relation, and so on. Co-constraints are present in several XML-based languages, among which also languages recommended by W3C.

		One of the widely recognized limitations of XSD 1.0 [entryXSD1.0-structures, entryXSD1.0-datatypes] is the inability to define co-constraints. This is a serious shortcoming for a schema language, and especially for XSD, given its widespread use. Indeed, when a schema is not able to capture every validity constraints of a class of XML documents, in order to reach a complete validation process specific modules are required to verify those constraints not covered by the schema. In such cases, not only the validation process becomes more complex, but also the interoperability between applications decreases.

		Version 1.1 of XSD introduces two mechanisms for the co-constraint definition: assertions and  Conditional Type Assignment (CTA). The former is inspired by Schematron [entrySchematronISOspecification]. It permits to augment type definitions with XPath predicates (called assertions), each specifying a further validity condition besides those enforced by the content model. Assertions are particularly useful to require some elements and attributes to be in logic or arithmetic relations.

		CTA, inspired by SchemaPath [entrySchemaPathWWW], allows an element declaration to conditionally assign a type based on XPath predicates. Here we refer to declaration of such a typology as conditional declarations. CTA is particularly suitable for those situations where an attribute value governs the content of an element. For instance, in order to subject the content of a <entry> element (representing a bibliographic entry) to the value of the kind attribute, the following conditional declaration might be used


<xs:element name="entry" type="Entry">
	<xs:alternative test="@kind = 'proceedings'" type="ProceedingsEntry" />
	<xs:alternative test="@kind = 'journal'"     type="JournalEntry" />
	<xs:alternative test="@kind = 'book'"        type="BookEntry" />
</xs:element>


		The above declaration reads as "if @kind is proceedings then <entry> is of type ProceedingsEntry, otherwise if @kind is journal then <entry> is of type JournalEntry, otherwise if @kind is book then <entry> is of type BookEntry, otherwise (none of the above conditions hold) <entry> is of type Entry (which is a type for generic bibliographic entries). Each <xs:alternative> element is named type alternative in XSD 1.1.

		Conditional declarations arise an issue in the derivation by restriction. XSD (both 1.0 and 1.1) allows to define new types deriving existing ones. A derivation method is by restriction. The general principle behind the derivation by restriction is that the derived type accepts a subset of what the base type accepts. Thus, given an element E, it is required that the type assigned to E in the context of the derived type, be a restriction of the type assigned to E in the context of the base type. The presence of conditional declarations heavily complicates the static verification of such principle, as it require to analyze logic relations among XPath predicates. However, there are at least three alternative approaches to the problem of verifying whether a type is a legal restriction of its base:

		
			
					CTA limitation

					
					Ad hoc limitations are imposed on the CTA usage to ensure a simple static verification of the restriction. For instance, a radical limitation is that when a type contains a conditional declaration it is implicitly final w.r.t. the derivation by restriction.

				

			

			
					Full dynamic approach

					
					At schema compile type, it is never checked whether a type is a legal restriction of its base. However, at validation time, it is checked whether the instance document is an evidence of the fact that a type is not a legal restriction of its base.

				

			

			
					Hybrid approach

					
					Very similar to the full dynamic approach, but at schema compile time conditional declarations are processed in order to precompute those cases in which the derivation by restriction is violated. Such precomputed information is then available (in some form) at run-time, and it can be used by the validator to decrease the number of operations required to conclude whether the current document is an evidence of the fact that a type is not a legal restriction of its base.

				

			

		

		The XSD current draft adopts the full dynamic approach. Indeed, at schema compile time the derivation by restriction is checked simply ignoring type alternatives. Given an element E, at run-time it is checked that the type conditionally assigned to E in the context of a derived type is a restriction of the type which would be assigned to E in the context of the base type. Such a condition is then recursively checked also for E and the base type, until the type hierarchy root is reached. I.e., the condition is checked on the entire derivation chain of the initial derived type. We call such a solution Run-Time Check (RTC). The XSD Working Group publicly solicit input from implementors and users of this specification as to whether the current run-time rule should be retained [entryXSD1.1-structures].

		Cartesian Product (CP) is another solution but adopts a hybrid approach. At schema compile time it analyzes all possible cases that may occur at run-time. As the number of such cases is very high, it has serious shortcomings concerning the computational cost of the static phase.

		In this paper we propose a hybrid solution to the problem of the verification of the derivation by restriction in presence of conditional declarations. We call our solution Optimized Cartesian Product (OCP). OCP, CP, and RTC have the same extensional behavior. OCP can be seen as an optimization to RTC. Indeed, at run-time the number of XPath predicates evaluated by OCP is less than or equal to the number of XPath predicates evaluated by RTC. Moreover, the OCP static phase requires an acceptable computational cost. So OCP is also an optimization to CP (and hence its name). Our paper contribute is two-fold:

		
				
				it proposes an optimization to the solution adopted by the XSD current draft;

			

				
				it answers the feedback request about RTC, discussing various possible approaches to the derivation problem, and thoroughly describing three solutions: RTC, CP and OCP;

			

		

		Our paper is organized as follows. The next section describes XSD 1.1 in relation to the problem of the co-constraint definition. In particular it describes CTA and assertions. Then we introduce some XSD 1.1 specific terminology in Section “XSD Terminology”. In Section “Derivation by Restriction in XSD 1.1” we describe the problem of the derivation by restriction in presence of conditional declarations. There we describe some possible approaches and solutions. In particular, we provide a detailed Run-Time Check description, including a computational cost analysis. We also discuss about Cartesian Product. Then in Section “Optimized Cartesian Product” we describe our proposal, providing a computational cost analysis for both the static phase and the dynamic phase. Then in Section “Comparing CP, OCP, and RTC” we compare RTC, CP and OCP, mainly focusing on the number of XPath predicates evaluated at validation time by the three techniques. Then we describe a prototype implementation for OCP, which demonstrates the feasibility of our proposal. Before concluding, in Section “Related Works” we discuss about some related works.

	
	
	
	
	
		XSD 1.1 and Co-Constraints

		XSD (XML Schema Definition Language) is the schema language proposed by W3C. Its current version is 1.0, and it is described by two W3C recommendations [entryXSD1.0-structures, entryXSD1.0-datatypes]. Although there are many other schema languages (such as RELAX NG [entryRELAXNGISOspecification], and  Schematron [entrySchematronISOspecification]), XSD probably is the most known and supported. XSD 1.0 provides support for the definition of a number of constraint kinds. For instance, by means of content models, it is possible to define the legal content of elements. XSD provides a rich set of built-in types for the definition of legal data values. It also provides derivation mechanisms, permitting to construct new types from existing ones. Moreover, XSD allows to define uniqueness and reference constraints on elements and attributes (cumulatively called identity-constraints).

		However, XSD 1.0 is widely recognized as unable to express a particular kind of constraints: co-occurrence constraints (commonly referred to as co-constraints). According to the definition given by the ESW Wiki, co-constraints are rules which govern what kinds of markup (elements, attributes) can occur together (co-occur) in an XML document. [entryCoOccurrenceConstraintsESWWiki]. In other words, a co-constraint relates the existence or values of an element (or attribute) to the existence or values of other elements (or attributes).

		Some categorizations for co-constraints do exist. Within the ESW Wiki about 30 use-cases are listed, ranging from the mutual exclusion of attributes, to the requirement that two elements values must be in some arithmetic relation. In 2001, Norman Walsh and John Cowan identified seven kinds of co-constraints [entryWalshCowan2001].

		XSD 1.0 is unable to express co-constraints. Such an inability is heavily felt for in many user communities. For instance, validation of incoming data is critical for e-business infrastructures, that require also the adoption of co-constraints. Adopting XSD 1.0 as validation language requires them to implement application-specific modules, in order to provide a complete validation process.

		W3C is releasing a new version of XSD: XSD 1.1. At the time of writing, it is in Last Call Working Draft [entryXSD1.1-structures, entryXSD1.1-datatypes]. One of the major improvements over 1.0, is the support for co-constraints definition. For this purpose, XSD 1.1[1] introduces two mechanisms: assertions and Conditional Type Assignment. Both mechanisms will be described in the next two sections.

		
		
		
		
			Assertions

			In XSD 1.1, a complex type may define a sequence of assertions. Each assertion basically is an XPath 2.0 predicate. In order to be considered valid, each element assigned to a type must satisfy all the assertions defined by that type. Syntactically, an assertion is represented by an <assert> element, whose test attribute specifies the XPath predicate.

			
			
<xs:element name="pages" type="PagesType" />
<xs:complexType name="PagesType">
  <xs:attribute name="from" type="xs:positiveInteger" />
  <xs:attribute name="to" type="xs:positiveInteger" />
  <xs:assert test="@from le @to" />
</xs:complexType>


				
			
Figure 1.Assertion ExampleAn example of XSD assertions. This assertion enforces the from attribute being less than the to attribute.


			For instance, suppose we want to define an XML language to represent bibliography entries. In order to specify the conference proceedings pages in which a paper appears, we might define a <pages> element with two attributes from and to. In order to enforce from being greater than to, the type definition shown in Figure “Assertion Example” might be used.

			
			Assertions are clearly inspired by Schematron. However, there are some points of distinction. XSD associates assertions to type definitions. On the other hand, Schematron is not a typed language, and thus it associates assertions to elements, or, more precisely, to a set of elements identified by an expression. Moreover, Schematron allows to define assertions involving elements and attributes placed anywhere in the document. On the other hand, in XSD an assertion is allowed to involve only elements and attributes of the subtree rooted by the element the assertion is checked on: nodes outside that subtree are not visible.[2]

		
		
		
		
		
			Conditional Type Assignment

			
			XSD supports co-constraint definitions by means of another mechanism known as Conditional Type Assignment (CTA). An element declaration may specify a sequence of alternative types, each associated with an XPath predicate. Within this paper we refer to such declarations as conditional. When an element of the instance document is validated against a conditional declaration, the XPath predicates are evaluated using the element as context node. The type assigned to the element is the one corresponding to the satisfied predicate. If the element satisfies more than one predicate, the one occurring first within the schema takes precedence. A conditional declaration always specifies a default type, which is assigned when no predicates are satisfied. Each alternative type derives from the declared type.

			
			
<xs:complexType name="Entry">
  <xs:sequence>
    content model for a generic entry
  </xs:sequence>
  <xs:attribute name="kind" type="EntryKindType" />
</xs:complexType>

<xs:complexType name="ProceedingsEntry">
  <xs:complexContent>
    <xs:extension base="Entry">
      <xs:sequence>
        <xs:element name="conference" type="Conference" />
        <xs:element name="pages" type="Pages" />
      </xs:sequence>
    </xs:extension>
  </xs:complexContent>
</xs:complexType>

<xs:element name="entry" type="Entry">
  <xs:alternative test="@kind = 'proceedings'" type="ProceedingsEntry" />
</xs:element>


				
			
Figure 2.CTA ExampleAn example of CTA usage. The conditional declaration assigns type Proceedings if the entry is of kind proceedings, otherwise it assigns type Entry.


			In order to show the usefulness of CTA within the co-constraint definition, we consider again our language for bibliographic entries. Suppose we want to represent an entry through an <entry> element, whose kind attribute specifies the entry kind (i.e., conference proceedings, technical report, and so on). Suppose that we want to enforce the following co-constraint: if the entry is of kind proceedings, than the <conference> and <pages> elements must be present. Then we might define:

			
					
					an Entry type, constraining the content of a generic entry

				

					
					a ProceedingsEntry type, derived by Entry and requiring the presence of both <conference> and <pages>.

				

					
					a conditional declaration for <entry> assigning type ProceedingsEntry if the kind attribute has value "proceedings", and type Entry otherwise.

				

			

			That solution is shown in Figure “CTA Example”.

			Note that, by default if an element does not satisfy any alternative, then it is assigned the type specified through the type attribute (known as the declared type). In order to specify a default type other than the declared type, it is possible to explicitly define a default type alternative, i.e., a type alternative occurring in last position and without any XPath predicate.

			XSD 1.1 introduces a new built-in simple type named error. No element or attribute is valid against such a type. error is typically used in default type alternatives to states that it is an error if no type alternative is selected.

			
			The CTA mechanism is inspired by SchemaPath, an extension to XSD 1.0 introducing the concept of conditional type assignment [entrySchemaPathWWW]. However, there are some remarkable points of distinction (besides some syntactic aspects). In SchemaPath, a conditional declaration does not have the declared type. Moreover, while SchemaPath does not put any restriction on XPath predicates, XSD allows predicates to access attribute nodes only. Thus, it is not possible to put conditions on neither preceding, ancestor, nor descending nodes.

		
	
		
		
		
	
		XSD Terminology

		For the reader unfamiliar with XSD, this section introduces some CTA-related definitions taken from the XSD current draft [entryXSD1.1-structures].

		
			
					Declared type

					
					Given an element declaration D the declared type of D is either the type referred to by the attribute type, or the anonymous type definition within D

				

			

			
					Context-determined type

					
					Given an element E and a type T, the context-determined type of E in T is the declared type of the declaration D assigned to E by the T content model.

				

			

			
					Type Table

					
					A Type Table is a property of conditional declarations, and it is a sequence of type alternatives (or simply, alternatives). Each alternative corresponds to a xs:alternative element, and it mainly consits of an XPath predicate and a type.

				

			

			
					Selected type

					
					Given an element E and a Type Table TT, the selected type of E is the type associated to the TT alternative satisfied by E.

				

			

			
					Context-determined Type Table

					
					Given an element E and a type T, the context-determined Type Table of E in T is the Type Table of the declaration D assigned to E by the T content model. If D is non-conditional, the context-determined Type Table has the default alternative only, which assigns the declared type.

				

			

		

	
	
	
	
	
		Derivation by Restriction in XSD 1.1

		XSD allows to define new types from existing ones through two derivation mechanisms, extension and restriction. The latter is meant to define a type whose content model accepts a subset of what the base type content model accepts.

		
		
<xs:complexType name="B">
  <xs:sequence>
    <xs:element name="e" type="xs:anyType">
      <xs:alternative test="@a >  @b" type="T1" />
      <xs:alternative test="@a <= @b" type="T2" />
    </xs:element>
  </xs:sequence>
</xs:complexType>

<xs:complexType name="R">
  <xs:complexContent>
    <xs:restriction base="B">
      <xs:sequence>
        <xs:element name="e" type="xs:anyType">
          <xs:alternative test="@a >  @b" type="T2" />
          <xs:alternative test="@a <= @b" type="T1" />
        </xs:element>
      </xs:sequence>
    </xs:restriction>
  </xs:complexContent>
</xs:complexType>

<xs:complexType name="T1">
  <xs:sequence>
    <xs:element name="t1" />
  </xs:sequence>
  <xs:attributeGroup ref="ab" />
</xs:complexType>

<xs:complexType name="T2">
  <xs:sequence>
    <xs:element name="t2" />
  </xs:sequence>
  <xs:attributeGroup ref="ab" />
</xs:complexType>



			
		
Figure 3.CTA Restriction ExampleAn example of derivation by restriction involving conditional declarations.


		The presence of conditional declarations within content models immediately arises a question concerning the derivation by restriction. In order to explain the issue, let us consider the schema snippet shown in Figure “CTA Restriction Example”. We can observe that neither T1 derives from T2, nor the converse. Also it is easy to observe that whenever the conditional declaration within B assigns T1, the conditional declaration within R assigns T2, and vice versa.

		Now let us consider the following XML fragment:


<p xsi:type="R">
 <e a="5" b="2"> <!-- @a > @b -->
   <t2 />
 </e>
</p>


		As <p> is assigned type R, its child <e> is assigned type T2. According to the schema, <e> is valid against T2. For what previously observed, the type that would be assigned to <e> if <p> was of type B is T1. Clearly, <e> is not valid against T1. Thus we have that B rejects something R accepts. We can reasonably argue that this is a violation of the principle behind the derivation by restriction. And actually, the XSD current draft imposes constraints meant to detect as illegal situations like the one above.

		Before discussing in details how the XSD current draft faces the derivation by restriction in presence of conditional declarations, we examine some general approaches to the problem.

		
		
		
		
			Full Static Approach

			We can think about approaches statically (i.e., at schema compile time) deciding whether a conditional declaration within a restricted type is compatible with a conditional declaration within the base type. I.e., such an approach should decide the following problem. Given two conditional declarations R and B, is there any XML document containing an element E such that if E is validated against R then it is assigned a type which is not a valid restriction of the type that would be assigned if E was validated against B?

			This is not a simple problem, as it is necessary to verify logic relationships among XPath predicates. For instance consider again the conditional declarations shown in Figure “CTA Restriction Example”. Clearly, the answer to the above question is yes, as if the conditional declaration within the restricted type assigns T1, then the conditional declaration within the base type assigns T2. Thus, we can assert that the derived type is not a legal restriction of its base. In order to prove it, we should consider the semantics of the relational operators > and <=. Probably, it is not a so difficult task, as the XPath predicates involved in the example are quite simple. But if we move to the general case, the problem becomes much more difficult, as we have to consider also the other XPath functions and operators.

		
		
		
		
		
			Expressivity Limitation Approach

			It is possible to identify a class of approaches facing the problem by narrowing the CTA usage, in order to avoid the XPath predicates analysis. For instance a simple and radical solution to the problem consists in implicitly setting as final[3] every complex types containing a conditional declaration. This is the solution adopted by SchemaPath. Obviously, this solution might be felt as overly restrictive.

			Less restrictive solutions may be found. The XSD Working Group discussed a number of them. One of such solutions, known as Prefix, forces the conditional declaration within the derived type to repeat all the alternatives of the conditional declaration within the base type, and allows to append new alternatives. Requiring new alternative types to be a restriction of the default type of the base declaration, ensures that every type assigned in the context of the derived type is a restriction of the type that would be assigned in the context of the base type.

			
<xs:complexType name="B">
  <xs:sequence>
    <xs:element name="message" type="messageType">
      <xs:alternative test="@kind='string'" type="messageTypeString"/>
      <xs:alternative test="@kind='base64'" type="messageTypeBase64"/>
      <xs:alternative test="@kind='binary'" type="messageTypeBase64"/>
      <xs:alternative test="@kind='xml'"    type="messageTypeXML"/>
      <xs:alternative test="@kind='XML'"    type="messageTypeXML"/>
    </xs:element>
  </xs:sequence>
</xs:complexType>

<xs:complexType name="R">
  <xs:complexContent>
    <xs:restriction base="B">
      <xs:sequence>
        <xs:element name="message" type="messageType">
          <xs:alternative test="@kind='string'" type="messageTypeString"/>
          <xs:alternative                       type="xs:error"/>
        </xs:element>
      </xs:sequence>
    </xs:restriction>
  </xs:complexContent>
</xs:complexType>


				
			
Figure 4.CTA Restriction Use CaseAn example of restriction in presence of CTA. The restricted type definition is meant to accept a subset of what the base type definition accepts.


			Let us consider the schema shown in Figure “CTA Restriction Use Case”, which is inspired by the example of CTA usage described in the XSD current draft. Within type B, the conditional declaration for <message> elements assigns a specific message type based on the kind attribute value. Type R is meant to accept string messages only. In this respect, we might argue that R is a legal restriction of B. However, Prefix rejects the above schema, as the alternative sequence of the base type are not listed in the alternative sequence of the restricted type.

		
		
		
		
		
			Full Dynamic Approach

			Another approach to the problem is the following: do not perform any check at compile time and let schema authors to write conditional declarations as they like, but if at run time (i.e., at validation time) there is an evidence of the fact that a type is not a legal restriction of its base type, then report the error. W.r.t. the approach described in the previous section, this one reaches the maximum expressivity degree in writing conditional declarations. Clearly, the drawback is that the same schema error might become evident only for certain instance documents, and not for others.

			This is the approach adopted by the XSD current draft, and will be described in details in Section “Run-Time Check”.

		
		
		
		
		
			Run-time Check

			As already mentioned in the previous sections, the XSD current draft adopts a dynamic approach to the verification of the derivation by restriction in presence of conditional declarations. Indeed, the general problem of verifying whether a type R is legal restriction of a type B is divided in two phases. The first one is meant to be performed at schema compile time, and it considers the declared type of element declarations only, thus simply ignoring the presence of Type Tables. For the implementation of such a phase, the XSD draft refers to the algorithms described in [entryFSAThompson], [entryFuchs], and [entryBrzozowski].

			The second phase (which we call Run-Time Check or simply RTC) is meant to be performed at run-time, and it takes into considerations Type Tables. The XSD specs describe it as a rule to decide the validity of an element w.r.t. a type. In order to be valid against a type T, an element must satisfy a number of constraints. One of such constraints states that each child E together with T must satisfy the Conditional Type Substitutable in Restriction constraint (CTSR).

			Informally, given an element E and a type T, E and T satisfy CTSR if the type assigned to E in the context of T, is a valid restriction of the type assigned to E in the context of T's base type. Moreover, E and T's base type must recursively satisfy CTSR.

			For instance, consider again the schema in Figure “CTA Restriction Example”, and the following XML document fragment:


<p xsi:type="R">
 <e a="5" b="2">
   <t2 />
 </e>
</p>


			The first phase checks whether type R is a legal restriction of B, taking into consideration declared types only. In particular, it is checked whether the declared type of the element declaration within R (i.e., anyType) is a valid restriction of the declared type of the element declaration within B (i.e., anyType). As anyType is a valid restriction of itself, the first phase succeeds.

			The second phase checks whether or not the input document is an evidence of the fact that R is not a legal restriction of B. In particular, RTC checks whether <e> and R satisfy CTSR. Thus, the Type Table determined by R is evaluated, obtaining the selected type T2. Then, also the Type Table determined by B is evaluated, obtaining the selected type T1. As T2 is not a valid restriction of T1, <e> and R does not satisfy CTSR. As a consequence, <p> is not valid against R.

			
				An Algorithm for Run-Time Check

				
void process-element(Element e) {

  ...

  Type T = get-current-type(); // e's parent type

  TypeTable TTT = get-context-determined-type-table(e, T);
  int i = evaluate-type-table(e, TTT);
  Type ST = TTT.get-alternative(i).getType();

  boolean error = false;

  // walk on the derivation chain
  while (T is not xs:anyType and !error) do {

    Type B = T.base;
    TypeTable TTB = get-context-determined-type-table(e, B);
    int j = evaluate-type-table(e, TTB);
    Type SB = TTB.getAlternative(j).getType();

    if (validly-substitutable-as-restriction(ST, SB)) {
      T = B;
      ST = SB;
    } else {
      // CTSR violation
      error = true;
      report-schema-error("vr-cta-substitutable");
    }
  }

  ...

}



					
				
Figure 5.RTC AlgorithmAn algorithm implementing RTC.


				In Figure “RTC Algorithm” we present an algorithm implementing RTC, in Java-like pseudo-code. The process-element function is meant to be invoked for each element of the instance document. The function body is a simple iterative version of the CTSR constraint definition given in the XSD draft. It iterates over the derivation chain for T, and it stops when either a violation of CTSR occurs or the type hierarchy root (i.e., anyType) is reached.

			
			
				RTC Algorithm Cost Analysis

				In presenting our cost analysis for the algorithm shown in the previous section, we need to introduce some notations. A Type Table TT is an ordered sequence of n pairs <c1, T1>, ..., <cn, Tn>, where cn is the always true condition. We also say that TT has size n.

				Now, let E and T be an element and a type definition respectively. Consider the derivation chain for T. We indicate it with T1, ..., Tk, where T1 is anyType, Tk is T, and for each i < k, Ti is Ti+1's base type. For each i between 1 and k, we denote the context-determined Type Table for E in Ti by TTi. Moreover we denote the TTi size by di.

				Now, we can start the RTC algorithm cost analysis. If there is no CTSR violation, the RTC algorithm iterates over the entire derivation chain for T. For each i between 1 and k, the following operations are performed:

				
						
						get the context-determined Type Table for E in Ti, i.e., TTi

					

						
						calculate the selected type for E according to TTi

					

						
						check whether the selected type is validly substitutable as restriction for the selected type calculated at step i - 1.

					

				

				We assume the first operation has a negligible cost. Indeed, given an element E and a type T, the Element Declarations Consistent (EDC) constraint ensures that the context-determined type table for E in T depends on the E name only. Thus it suffices to scan the T content model, looking for an element declaration named as E. As we are not interested in the content model size here, we assume TTi can be found through a single memory access.

				We assume the third operation has a negligible cost too. Indeed, we assume for each pair of types <A, B>, the schema compile phase already decided whether A is validly substitutable as restriction for B, and that the result is available at run-time and can be read through a single memory access.

				In our analysis, we do not neglect the second operation cost. Given an element E and a Type Table TT, in order to decide the selected type for E in TT, it might be necessary to evaluate all the XPath conditions in TT.[4] Indeed if TT has the following alternatives <c1, T1>, ..., <cn, Tn>, then Ti is chosen if and only if none of the conditions c1, ..., ci-1 hold, and ci holds. Thus a correct algorithm for a Type Table evaluation is that evaluating each alternative in order, and stopping as soon as a condition is satisfied. Clearly, such an algorithm is linear in the Type Table size.

				Coming back to our cost analysis, as TTi has size di, the second operation requires the evaluation of at most di XPath conditions.

				Thus in our analysis, the RTC algorithm cost is given by the number of XPath predicates evaluated. By the observations above, we have that such a cost is upper-bounded by the equation shown in Equation “RTC algorithm upper-bound”.

				Equation (a)

					d1 + ... + dk
				


			
		
		
		
		
		
			Hybrid Approach: Cartesian Product

			There also exist an hybrid approach to the problem, i.e., an approach neither fully dynamic, nor fully static. A solution taking such an approach is named Cartesian Product (CP), and the XSD Working Group considered it for a period. As RTC, CP does not impose any limitation on the CTA usage.

			Adopting a hybrid approach, CP consists of two phases. The former is performed at schema compile time, the latter at validation time. During the static phase, the Type Tables of the input schema are rewritten. In particular, given a Type Table TTR within a type R and the corresponding Type Table TTB within R's base type, the static phase substitutes TTR with the Type Table resulting from the Cartesian product between TTR and TTB.

			The Cartesian product between TTR and TTB is a Type Table denoted by TTR × TTB whose size is the product of the sizes of TTR and TTB. For each pair of alternatives <<ri, Ri>, <bj, Bj>> (where the first item is the i-th alternative of TTR, and the second item is the j-th alternative of TTB), TTR × TTB has an alternative whose condition is the conjunction of ri and bj, and whose type is:

			
					
					Ri, if Ri is a valid restriction of Bj

				

					
					error, otherwise.

				

			

			At run-time, given a type T and an element E, in order to know whether E and T satisfy CTSR, it suffices to evaluate the (rewritten) context-determined Type Table of E in T. And thus there is no need to walk on the derivation chain.

			However, given a derivation chain T1, ..., Tk, and an element E, let TT1, ..., TTk be the sequence of context-determined Type Tables before the static phase rewrite them. The static phase rewrites those Type Tables in TT'1, ..., TT'k, where:

			
					
					TT'1 is TT1, and

				

					
					TT'i is TTi × TT'i-1, for every 1 < i <= k

				

			


			The condition of each alternative of TT'k is the conjunction of k XPath predicates. Moreover, the TT'k size is d1 ⋅ ... ⋅ dk, where di is the TTi size. Fixing each di to a constant d, that product is dk. Such an observation makes clear that the CP static phase might be too expensive.


		
	
	
	
	
	
		Optimized Cartesian Product

		In this section we present our solution to the problem of the derivation by restriction in presence of conditional declarations. We call it Optimized Cartesian Product (OCP). From the expressivity point of view, our proposal is meant to be fully equivalent to Runt-Time Check and Cartesian Product. While being inspired by CP (and hence its name), it can also be seen as an RTC optimization.

		
		
		
		
			General idea

			Our idea is to perform a static analysis on Type Tables, anticipating at compile time those cases in which a CTSR violation occurs. Such an analysis is meant to avoid at run-time the evaluation of those XPath predicates which do not affect the CTSR checking result.

			For instance, consider the schema shown in Figure “CTA Restriction Use Case”. As error is not a valid restriction of any type, it is clear that whenever at run-time a <message> element does not satisfy the @kind='string' predicate within the R context (and hence is assigned type error), a CTSR violation occurs regardless of the actual type that would be assigned within the B context.

			So our approach is to perform a static analysis in order to tell the run-time phase something like: if within the context of type R the predicate a is satisfied, do not evaluate any of the predicates b, c, or d within R's base type, because such an evaluation will not affect the CTSR checking result.

			Note that our approach does not consider the actual XPath predicate semantics during the static analysis. As we already observed, it would be too difficult. Moreover, note that, as seen for Cartesian Product, our approach is neither completely static, nor completely dynamic, i.e., it is a hybrid approach.

			Before discussing in details our technique, it is worth considering some major problems our hybrid approach has to face

			
				
						The corresponding Type Table problem

						
						Given a type T and an element declaration D, our general idea is to perform a static analysis of the cases in which T and a generic element matching D violate CTSR. Thus, the context-determined Type Table of that generic element in the base type of T have to be statically decided. Put in a bit more formal way, let B be T's base type. The static analysis has to answer the following question: which is the Type Table TT' determined by B for an element matching D?

					

				

				
						The potential case enumeration problem

						
						Assume for the moment the previous problem can be solved. Thus consider a derivation chain T1, ..., Tk, and the sequence of Type Tables TT1, ..., TTk such that each TTi is the Type Table determined by Ti for a given element. If each TTi has size di, the number of cases that might potentially be verified at run-time is given by d1 ⋅ ... ⋅ dk. If the Type Tables average size is d, that product is similar to dk. Enumerating all such potential cases, might lead to an unacceptable static analysis cost. It precisely is the problem of the Cartesian Product technique.

					

				

			

			For what concerns the first problem, both the Element Declarations Consistent (EDC) constraint and the context-determined Type Table definition provided by the XSD current draft help us. Indeed, by EDC it is possible to define for each type T a partial function tt-mapT : QName  → Type Table, such that for each element name e, tt-mapT(e) returns, if any, the Type Table of an element declaration named e within T.

			Given: 

			
					
					T, a type;

				

					
					B, the base type of T;

				

					
					D, an element declaration within T;

				

					
					e, the name of D

				

			

			the context-determined Type Table within B for any element matching D, cannot be directly calculated as tt-mapT(e), as we have to deal with wildcards (and some other minor details). However, wildcards do not pose any particular problem, as EDC states that if a type contains both an element declaration D and a wildcard W, then D's Type Table and the Type Table of any top-level declaration matching W must be the same. Moreover, the context-determined Type Table definition states that if, within a type T, an element E does not match any declaration, but matches a wildcard W, then the context-determined Type Table within T for E is the Type Table of the top-level declaration matching W, if any. Here, the match predicate is always defined in terms of string matching, and never in terms of schema component semantics.

			Thus, it is easy to extend our tt-mapT function definition so that for any name e, tt-mapT(e) returns the  context-determined Type Table within T for any element E named e, exactly as defined by the XSD current draft.

			Note also that although the set of qualified names is infinite, tt-mapT is defined only for those qualified names matching some element declaration of the schema. As the number of element declarations within a schema is finite, also the tt-mapT domain is finite. The possibility to statically define the function tt-mapT solves the corresponding Type Table problem.

			For what concerns the potential case enumeration problem, our idea is the following. Given a sequence of Type Tables TT1, ..., TTk as previously described in the problem definition, we do not consider all the k Type Tables together, but rather we analyze each pair of Type Tables TTi and TTi-1 separately. In particular, for each such pair of Type Tables, we identify the cases that would cause a CTSR violation for that single derivation step. The results of such analysis are made available at run-time as annotations on TTi. As we will see, this guarantees an acceptable cost for the static phase. Obviously, for any element E whose context-determined Type Table is TTi, we have information about CTSR for a single derivation step only, and not for the whole derivation chain. If that information is not sufficient to decide whether CTSR is satisfied or not, it is necessary to walk on the derivation chain in order the access the annotations for TTi-1.

		

		
		
		
		
			OCP Static Phase

			The static phase consists of two steps. The first step just builds for any type T of the schema type hierarchy the tt-mapT mapping. For any T of the schema type hierarchy, the second step annotates the Type Tables within the tt-mapT codomain with error conditions.

			In particular, for each type T and for each name e within the tt-mapT domain, the alternatives of the Type Table tt-mapT(e) are annotated with an error condition. Such a condition specifies the cases in which CTSR is broken w.r.t. the context-determined Type Table within T's base.[5] Each error condition simply is a boolean expression built on the base Type Table predicates.

			
// visits a type of the schema type hierarchy
void visit-type(Type T) {

  // annotate each context-determined Type Table within the current type
  for each QName name in tt-mapT.domain {
    annotate-type-table(tt-mapT(name));
  }

  // recursive call
  for each Type D derived from T do {
    visit-type(D);
  }
}

// annotates a context-determined Type Table
void annotate-type-table(TypeTable ttr) {
  for each int i s.t. 1 <= i <= ttr.size {
    // build the error condition for the current alternative
    Expression expr = build-error-condition(ttr, i);
    // simplify the error condition
    expr = simplify(expr);
    // annotate the current alternative with the simplified condition
    ttr.get-alternative(i).error-condition = expr;
  }
}

// builds an error condition for a Type Table alternative
Expression build-error-condition(TypeTable ttr, int i) {

  // get the base Type Table
  TypeTable ttb = ttr.base;
  if (ttb is absent) {
    return Expression.FALSE; // In such a case no CTSR violation may occur
  } else {
    return build-error-condition_aux(ttr, ttb, i, Expression.FALSE, 1, STATE_OR);
  }
}

Expression build-error-condition_aux(TypeTable ttr, TypeTable ttb, int i, Expression left, int j, short state) {
  if (j > ttb.size) {
    return left;
  } else {

    Expression a;
    if (j == ttb.size) {
      a = Expression.TRUE;
    } else {
      a = ttb.get-alternative(j).getTest();
    }

    Expression right;

    Type r = ttr.get-alternative(i).getType();
    Type b = ttb.get-alternative(j).getType();

    if (r validly restricts b) {
      NotExpression negatedLiteral = new NotExpression(a);
      right = build-error-condition_aux(ttr, ttb, i, negatedLiteral, j + 1, STATE_AND);
    } else {
      right = build-error-condition_aux(ttr, ttb, i, a, j + 1, STATE_OR);
    }

    if (state == STATE_OR) {
      return new OrExpression(left, right);
    } else { state == STATE_AND
      return new AndExpression(left, right);
    }
  }
}


				
			
Figure 6.OCP Static Phase AlgorithmPseudo-code for the static analysis of OCP.


			The procedure described above is shown in Java-like pseudo-code in Figure “OCP Static Phase Algorithm”. The simplify function is not shown: its purpose is to rewrite the error condition in a simpler form. In particular, if by atom we mean a Type Table XPath predicate, the simplify purpose is to minimize the number of atoms within the input expression. simplify can be implemented visiting the structure of the expression produced by build-error-condition, and applying the lazy boolean evaluation rules shown in the following table:[6]

			
				
					
							Input expression
							Rewritten expression
					

				
				
				
						or-rules
				

				
						FALSE or expr
						expr
				

				
						TRUE or expr
						TRUE
				

				
				
						and-rules
				

				
						FALSE and expr
						FALSE
				

				
						TRUE and expr
						expr
				

				
				
						not-rules
				

				
						not(TRUE)
						FALSE
				

				
						not(FALSE)
						TRUE
				

			



			The evaluation of the algorithm of Figure “OCP Static Phase Algorithm” on the schema shown in Figure “CTA Restriction Use Case”, annotates the alternatives of the Type Table within R with the following error conditions:

			
					
					not(@kind='string') and (@kind='base64' or (@kind='binary' or (@kind='xml' or @kind='XML')))

				

					
					TRUE

				

			

			The error condition associated to the first alternative states that an element E of the instance document and R violates CTSR whenever E is assigned one of the types messageTypeBase64 and messageTypeXML in the context of B (we are in the hypothesis that messageTypeString is not a valid restriction of any of those two types). The error condition associated to the second alternative states that regardless of the type assigned in the context of B, a CTSR violation occurs. This is because error is not a valid restriction of any of the types of the Type Table within B.

			On the other hand, the algorithm annotates each alternative of the Type Table within B with the error condition FALSE. It means that for any element E, E and B do not violate CTSR. This is because B's base is anyType and obviously the types within the Type Table within B are valid restrictions of anyType.

		

		
		
		
		
			OCP Run-Time Phase

			At validation time, the annotations on context-determined Type Tables are read in order to check CTSR. In particular, let E be an element of the instance document, T be the type of E's  parent, and TT be the context-determined Type Table of E in T. Firstly, TT has to be evaluated. Then, the error condition associated to the satisfied alternative is also evaluated. If the error condition evaluates to true, then it is possible to conclude that CTSR is not satisfied. Otherwise, the same procedure has to be recursively executed using T's base type. The recursive process stops either when a CTSR violation occurs, or anyType is reached.

			

void process-element(Element e) {

  ...

  // e's parent type
  Type T = current-type();

  // get the context determined Type Table for e
  TypeTable tt = tt-mapT(e);

  // evaluate the type table 
  int i = evaluate-type-table(e, tt);

  if (!check-CTSR(e, tt, i)) {
    report-schema-error("vr-cta-substitutable");
  }

  ...

}

boolean check-CTSR(Element e, TypeTable ttr, int i) {

  Alternative alt = ttr.get-alternative(i);
  Expression err-epxr = alt.error-condition;

  if (evaluate-error-condition(e, err-expr)) {
    return false;
  } else {
    TypeTable ttb = ttr.base;
    if (ttb is absent) {
      return true; // implicitly handles the xs:anyType case
    } else {
      int j = evaluate-type-table(e, ttb);

      // recursive call
      return check-CTSR(e, ttb, j);
    }
  }
}


				
			
Figure 7.OCP Run-time Phase AlgorithmAlgorithm for the run-time phase of OCP.


			The procedure described above is shown in Java-like pseudo-code in Figure “OCP Run-time Phase Algorithm”. In order to show how it works, let us consider following document:


<messages xsi:type="R">
  <message kind="string">
    ...
  </message>
  <message kind="binary">
    ...
  </message>
</messages>


			and suppose we have to validate it against the schema depicted in Figure “CTA Restriction Use Case” (the error conditions built during the static phase are described in Section “OCP Static Phase”). When the first <message> element is processed, its context-determined Type Table is evaluated. It is then checked that it satisfies the first condition @kind='string'. As a consequence, it is assigned the first alternative. So the error condition associated with that alternative is evaluated. Such a condition is not(@kind='string') and (@kind='base64' or (@kind='binary' or (@kind='xml' or @kind='XML'))). Clearly, the error condition is not satisfied (not(@kind='string') evaluates to false). Consequently, the Type Table within B has to be evaluated. Again, the first alternative is chosen, and thus its error condition is evaluated. But such a condition is FALSE. And so it is possible conclude that the first <message> element and R satisfy CTSR.

			For what concerns the second <message> element, we have that it does not satisfy the first alternative predicate, and so it is assigned the default alternative. The error condition associated to such alternative is TRUE. So we have that the second <message> element and R do not satisfy CTSR.

		
		
		
		
		
			OCP Cost Analysis

			In this subsection we provide a cost analysis for the static phase and a cost analysis for the run-time phase of OCP.

			
			
				OCP Static Phase Analysis

				Here we are not interested in analyzing the cost of the static phase applied to the entire schema type hierarchy. Rather, we fix an element name and we consider a single path from the root to a generic leaf of the type hierarchy.

				Thus, let T1, ..., Tn be a derivation chain, and e be our element name. We can now consider the sequence of Type Tables TT1, ..., TTn, where TTi is the context-determined Type Table for an element named e within Ti. The size of each TTi is denoted by di.

				Given a 1 < i <= n, now we analyze the time needed to annotate TTi.

				The function build-error-condition iterates over the whole alternative sequence of TTi-1, and for each alterantive it computes a number of operations whose cost is constant. Thus the function cost is linear in the TTi-1 size, i.e., di-1

				The function simplify can be implemented visiting the structure of the expression returned by build-error-condition. The number of nodes of such an expression is linear in di-1. Thus, the simplify computational cost is linear in di-1 too.

				As both simplify and build-error-condition are called for each alternative of TTi, the asymptotic computational cost for the function annotate-type-table is di-1⋅di.

				Thus, the asymptotic cost for building and simplifying the error conditions of the whole sequence of Type Tables, is given by:

				d1 + d1⋅d2 + ... + dn-1⋅dn

				We believe such a cost is perfectly acceptable at schema compile time.

			
			
			
				OCP Run-Time Phase Analysis

				Here we provide a computational cost analysis of the run-time phase of OCP. As similarly done for RTC, we are interested in determining the number of XPath predicates that have to be evaluated for a generic element of the instance document.

				Let E be an element of the instance document, and T be the type assigned to E's parent. Consider the derivation chain T1, ..., Tk, where T1 is anyType and Tk is T. Also consider the usual Type Table sequence TT1, ..., TTk, where TTi is the context-determined Type Table for E within Ti.

				If E and T satisfy CTSR, the entire Type Table sequence is processed. For any  1 < i <= k, TTi is evaluated to obtain the assigned alternative. The cost of such an operation is linear in di. Once the assigned alternative has been determined, the algorithm evaluates the corresponding error condition. As already discussed, such a condition is a boolean expression over the XPath predicates of TTi-1. In our analysis, the cost of evaluating an error condition with n predicates is linear in n. As by construction none XPath predicate appear more than once within the same error condition, we have that the error condition associated to the assigned alternative contains at most di-1 predicates of TTi-1. So its evaluation cost is linear in di-1. Thus, the number of predicates evaluated for TTi is upper-bounded by di + di-1.

				Considering the whole Type Table sequence, the number of evaluated XPath predicates is given by the formula shown in Equation “OCP run-time phase upper-bound”.

				Equation (b)

					2⋅d1 + ... + 2⋅dk-1 + dk
				


			
		
	
	
	
	
	
		Comparing CP, OCP, and RTC


		In this section we provide a comparison among the main techniques discussed so far: Optimized Cartesian Product, Run-Time Check, and Cartesian Product. The comparison focuses on the number of XPath predicates evaluated at run-time. Before starting, let us first fix some notations. Let:

		
				
				E be an element of the instance document;

			

				
				T be the type assigned to E's parent;

			

				
				T1, ..., Tk be the derivation chain for T, where T1 is anyType and Tk is T;

			

				
				TT1, ..., TTk be the sequence of context-determined Type Tables of E along the derivation chain;

			

				
				di be the TTi size, for every i;

			

				
				TT'1, ..., TT'k be the Type Tables generated by the Cartesian Product static phase.

			

		

		Both OCP and RTC evaluate TTk in order to decide which type alternative E has to be assigned. Clearly, both techniques evaluate the same XPath predicates of TTk. The number of evaluated XPath predicates ranges from 1 to dk.

		On the other hand, CP evaluates TT'k. If, for any i between 1 and k, E satisfies the first alternative of TTi, CP is assigned the first alternative of TTk, and thus the condition of that alternative only is evaluated. However, that condition is the conjunction of k XPath predicates. So in the best case, CP evaluates k XPath predicates. But if for every i between 1 and k E satisfies the last alternative of TTi, than CP has to process every alternative of TT'k. It means that it has to evaluate d1 ⋅ ... ⋅ dk conditions, where each condition is the conjunction of k XPath predicates.

		After the TT'k evaluation, CP already knows whether E and T satisfy CTSR without the need to walk on the derivation chain: if TT'k selected type error then CTSR is violated, otherwise CTSR is satisfied. The problem is that the evaluation of TT'k might be very expensive.

		On the other hand, after the TTk evaluation, both OCP and RTC execute further operations. OCP evaluates the error condition linked to the alternative returned by TTk, while RTC evaluates TTk-1. Thus, for the purposes of our comparison, it is important to understand whether evaluating the error condition is more or less expensive than evaluating TTk-1. In order deal with a clearer notation, we temporarily rename some variables:

		
				
				Tk becomes R;

			

				
				Tk-1 becomes B;

			

				
				TTk becomes TTR;

			

				
				TTk-1 becomes TTB;

			

				
				dk becomes n;

			

				
				dk-1 becomes m;

			

		

		We denote the TTR alternatives by <r1, R1>, ..., <rn, Rn>; and the TTB alternatives by <b1, B1>, ..., <bm, Bm>. Moreover, let i be the (index of the) alternative selected by TTR. We denote the error condition associated to that alternative by erri.

		As already observed in Section “OCP Static Phase”, erri is a boolean expression over the XPath predicates (here called atoms) of TTB. Assuming the simplification process did not rewrite it, erri contains each of the m atoms of TTB.

		[image: OCP Error Condition Example]
				
			
Figure 8.OCP Error Condition ExampleStructure for the error condition not(@kind='string') and (@kind='base64' or (@kind='binary' or (@kind='xml' or (@kind='XML' or FALSE)))). XPath predicates have been abbreviated for conciseness reasons.


		At this point it is important to study the structure of a generic error expression erri. As also shown in Figure “OCP Error Condition Example”, an error condition has a fixed structure: for each or (and) operator, its left operand is always a (negated) atom, while its right operand is either another binary operator, or FALSE (TRUE). Moreover, we can observe that the atoms appear in the same order they appear in TTB.

		It is easy to implement an error condition evaluator as a lazy boolean evaluator: for any input binary operator it always evaluates the left operand first, and it evaluates the right operand only if necessary. The atoms of erri actually evaluated by such a boolean evaluator are exactly the same as those evaluated by RTC to decide the TTB selected type.

		For instance, suppose that for a given j our E element does not satisfy none of b1, ..., bj-1, and it does satisfy bj. RTC evaluates b1, ...,bj. Also our technique evaluates those predicates, and it does not evaluate further ones. Indeed within erri, bj appears either in negated form as left operand of an and operator, or directly as left operand of an or operator (it depends on whether or not Ri is validly substitutable as restriction for Bj). In either case, the erri evaluation stops before processing the right operand.

		Thus we can conclude that even if it is not possible to simplify erri, OCP and RTC are equivalent in terms of evaluated atoms. But there are cases in which erri is simplified by the rewriting rules described in Section “OCP Static Phase”. Indeed, if there exists a j such that either


		
				
				for each  j < j' <= m, Ri is not validly substitutable as restriction for Bj'

			

		


		or


		
				
				for each  j < j' <= m, Ri is validly substitutable as restriction for Bj',

			

		


		then the simplification process removes from erri the atmos bj+1, ..., bm.


		In such cases, if E does not satisfy any of the predicates b1, ..., bj+k, for some k, then OCP does not need to evaluate the k atoms bj+1, ..., bj+k in order to decide whether CTSR is satisfied or not. On the other hand, RTC does evaluate those atoms, because it has to find the type actually selected by TTB.


		Thus, we can conclude that on a single step of a derivation chain, OCP evaluates a number of predicates less than or equal to the number of predicates evaluated by RTC.

		However, as can be noted from the formulas shown in Equations “RTC algorithm upper-bound” and “OCP run-time phase upper-bound”, OCP might evaluate twice the same atoms. Coming back to the notation introduced early in this section, if E does not satisfy the error condition of the alternative selected by TTk, then OCP has to evaluate TTk-1. But as the error condition previously processed was built on the atoms of TTk-1, it is clear that some predicates of TTk-1 might be processed twice.

		However, it is possible to ease such an additional cost if during the processing of an error condition, the result of each atom evaluation is stored in some data structure. In this way, an XPath predicate is actually evaluated only if it has not been evaluated yet.

		So we conclude that for a given derivation chain, OCP evaluates a number of XPath predicates less than or equal to the number of XPath predicates RTC evaluates.

	
	
	
	
	
		Implementation

		We realized a prototype implementation of Optimized Cartesian Product, thus demonstrating its feasibility. We implemented it in Java within Xerces [entryXerces]. Our prototype patches Xerces under three aspects:

		
				
				support for XSD 1.1 related components;

			

				
				implementation of the OCP static phase;

			

				
				implementation of the OCP run-time phase within the existing validation code.

			

		

		As Xerces is an XML parser for XSD 1.0, it does not handle 1.1-specific constructs. Our prototype modifies the Xerces modules delegated to the construction of schema components (package org.apache.xerces.impl.xs.traversers). It also modifies the Xerces implementation of the XML Schema API [entryXMLSchemaAPI], in order to represent type alternative components, and to give element declarations awareness of their Type Tables (packages org.apache.xerces.xs and org.apache.xerces.impl.xs).

		The OCP static phase is implemented within a separated package it.unibo.cs.cta. The code for the error condition construction is within the class it.unibo.cs.cta.preprocessor.impl.ErrorConditionBuilder. Such a class processes an input XSD schema, associating each type with a map. That map is our implementation of tt-mapT. Indeed, it associates element names to context-determined Type Tables. ErrorConditionBuilder also annotates each context-determined Type Table with its error conditions. Error conditions are built directly using the algorithm described in Section “OCP Static Phase”. The classes handling error conditions are within the package it.unibo.cs.cta.errorexpr. In particular, the simplification of error conditions is implemented by ErrorExpressionSimplifier, while their evaluation is implemented by ErrorExpressionEvaluator.

		The static phase is delegated to a pre-processor invoked when a schema document is loaded. In order to invoke it, the simple and compact code below is used:


// instantiation 
PreprocessorFactory pf = PreprocessorFactory.getInstance();
fPreprocessor = pf.createPreprocessorSequence(
    new String[]{"ErrorConditionBuilder"}
    );
// invocation on an XS Model
fPreprocessor.processModel(model);


		The static phase result (i.e., association between types and maps) is read calling the pre-processor method getStateByName("type-table-map").

		The OCP run-time phase is implemented within the class org.apache.xerces.impl.xs.OptimizedCTAXMLSchemaValidator, a patched version of the original XSD validator provided by Xerces. In particular, the code for the CTSR verification is within the method handleStartElement. XPath predicates are evaluated using the interfaces in javax.xml.xpath. Currently, our prototype does not check whether an XPath predicate has already been evaluated. Thus, as observed in Section “Comparing CP, OCP, and RTC”, an XPath predicate might be evaluated twice for the same element.

		Our prototype is meant to prove the OCP feasibility, and as such it is not aimed to be XSD 1.1 conformant. In particular it has some limitations, the most important of which are:

		
				
				XPath 1.0 expressions only are accepted;

			

				
				all non CTA related syntax is ignored. E.g., <assert> elements are not considered legal within a schema;

			

				
				derivations by restriction are checked using the original Xerces code, i.e., XSD 1.0 rules are applied.[7]

			

		

		We also developed a small test suite for OCP. It can be run through a simple graphic interface. Source code and jars are available from http://tesi.fabio.web.cs.unibo.it/Tesi/OptimizedCartesianProduct.

	
	
	
	
	
		Related Works

		Among the most known validation languages (DTD [entryXML11], RELAX NG [entryRELAXNGISOspecification], Schematron [entrySchematronISOspecification], DSD [entryDSD20], etc), the problem of verifying the subtype relation in presence of conditional declarations is very specific to XSD 1.1. Indeed, although there exist at least one language, DSD, permitting the definition of conditional content models, that language is not type-based, and consequently nor it has any concept of type derivation. We do not know works about restriction checking in presence of conditional declarations.

		However, there exist works on the problem of verifying whether an XSD 1.0 type is a legal restriction of another type [entryFSAThompson], [entryFuchs], [entryBrzozowski]. Those works propose techniques to statically verify whether a type accepts a subset of what the base type accepts. On the same line, Neven et al present theoretical results about some basic decision problems concerning schemas, among which the problem of testing for inclusion of schemas [entryNeven1PassPreorder].

	
	
	
	
	
		Conclusions

		In XSD 1.1, the presence of conditional declarations increases the difficulty in verifying whether a type is a legal restriction of its base. We discussed about three main approaches to the problem: CTA usage limitation, run-time verification, and hybrid verification. Solutions of the first kind ensure it is possible to statically verify whether a type is a legal restriction of its base, but at the cost of limiting the CTA expressivity. Solutions of both second and third kinds allow the highest degree of expressivity, but they may recognize as legal restriction also a type accepting something its base rejects. They throw an error only for those instance documents actually proving that a type is not a legal restriction of its base. Hybrid solutions are meant to precompute during the static phase some information that might decrease the work to be done at run-time.

		In particular, we described the solution adopted by the XSD current draft, which follows a run-time approach described within the specs by the Conditional Type Substitutable in Restriction (CTSR) constraint. We discussed about an algorithm verifying CTSR, and we called it Run-Time Check (RTC). Then we proposed an alternative solution to RTC, named Optimized Cartesian Product (OCP). OCP is a hybrid solution. Its idea is to analyze conditional declarations in order to statically decide which XPath predicates can be ignored at run-time. We showed as, contrary to Cartesian Product (CP) - another hybrid solution OCP can be seen as an optimization of - the OCP static analysis cost is perfectly acceptable.

		We than compared the RTC, OCP and CP techniques, focusing on the number of XPath predicates evaluated at run-time. We showed as CP is the worst technique, as it inherits from the static phase a high volume of information that might heavily slow down the run-time phase. We also showed that although OCP might process the same alternatives twice, storing the XPath predicate evaluation results, we can assert that OCP evaluates a number of predicates less than or equal to the number of predicates RTC evaluates.

		An interesting future work is the experimental comparison among RTC, OCP and CP on a base of real schema documents. Moreover it is interesting to improve our error condition simplification process. For instance, our simplification rules are not able to rewrite expressions like not(@a = 'v1') and (@a = 'v2') into (@a = 'v2'). There are also error conditions that are clearly unsatisfiable when associated to a particular alternative. For instance, if the alternative predicate is (@a = 'v1') and the error condition is (@a = 'v2'), it is clear that the error condition will never be satisfied. Improving the simplification rule set should increase the number of situations in which OCP is preferable to RTC.
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From here on, we refer to XSD 1.1 just as XSD.

View note in Notes section
This limitation is not enforced by a syntactic limitation on the XPath expression, but rather by the way the XPath Data Model is constructed.

View note in Notes section
In XSD, if a type is set as final, it cannot be derived.

View note in Notes section
To be more precise, as the last predicate of a Type Table is the always true condition, it suffices to evaluate n-1 predicates, where n is the Type Table size.

View note in Notes section
From here on, given a type T, an element E and the context-determined Type Table TT of E in T, by “TT's base Type Table” we mean the context-determined Type Table of E in T's base.

View note in Notes section
Symmetric rules for binary operators are not shown.

View note in Notes section
XSD 1.0 defines the derivation by restriction in terms of ad hoc rules provided by the recommendation itself. XSD 1.1 allows processors to choose the algorithm they like to check whether a content model includes another content model.

				
View note in Notes section

	[1]From here on, we refer to XSD 1.1 just as XSD.


	[2]This limitation is not enforced by a syntactic limitation on the XPath expression, but rather by the way the XPath Data Model is constructed.


	[3]In XSD, if a type is set as final, it cannot be derived.


	[4]To be more precise, as the last predicate of a Type Table is the always true condition, it suffices to evaluate n-1 predicates, where n is the Type Table size.


	[5]From here on, given a type T, an element E and the context-determined Type Table TT of E in T, by “TT's base Type Table” we mean the context-determined Type Table of E in T's base.


	[6]Symmetric rules for binary operators are not shown.


	[7]XSD 1.0 defines the derivation by restriction in terms of ad hoc rules provided by the recommendation itself. XSD 1.1 allows processors to choose the algorithm they like to check whether a content model includes another content model.

				



  
    Linking Page Images to Transcriptions with SVG

  Balisage: The Markup Conference 2008
August 12 - 15, 2008 · Volume 1 (2008)
Canonical Source

      Hugh A. Cayless

      Head of R&D
CDLA, UNC Chapel Hill Library
philomousos@gmail.com

    
        Hugh is head of the Research & Development group at the Carolina Digital
          Library and Archives, UNC Chapel Hill. He holds a Ph.D. in Classics and an M.S. in
          Information Science from UNC. His research interests include the application of
          computational techniques to problems in Classics (and the Humanities in general), and
          Digital Curation.

      

      

    

      Abstract
This paper will present the results of ongoing experimentation with the linking of
        manuscript images to TEI transcriptions. The method being tested involves the automated
        conversion of images containing text to SVG, using Open Source tools. Once the text has been
        converted to SVG paths, these can be grouped in the document to mark the words therein and
        these groups can then be linked using standard methods to tokenized versions of the
        transcriptions. The goal of these experiments is to achieve a much more fine-grained linking
        and annotation mechanism than is so far possible with available tools, e.g. the Image Markup
        Tool and TEI P5 facsimile markup, both of which annotate only rectangular sections of an
        image. The method envisioned here would produce a legible tracing of the word, expressed in
        XML, to which transcripts and annotations might be attached and which can be superimposed
        upon the original image.
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    Introduction

    Mass digitization has become a fact of life at most major University Libraries in recent
      years. In the case of printed books, initiatives like Google’s and the the Internet Archive’s
      produce page images with attached metadata. These are OCR’ed and processed to make them
      searchable and readable via a web browser and (in the case of the IA) in a variety of other
      formats, such as PDF. These processes do not accommodate documents for which OCR is currently
      impossible however. Handwritten documents can, and are, regularly digitized, but human beings
      must produce transcriptions for them (if this is done at all) and the transcriptions are
      typically linked to the images only on the level of the page.

    This project began as an attempt to see what could be done in an automated or
      semi-automated way to allow linkage between transcription and image at a deeper level and also
      annotation of the image at the level of the text on the page. Transcription of the text in a
      page image can be considered a special case of annotation.

    UNC Chapel Hill is contemplating a very large scale manuscript digitization project,
      potentially covering the entire Southern Historical Collection. The Carolina Digital Library
      and Archives (CDLA) also has an ongoing, smaller, manuscript digitization project funded by
      the Watson-Brown foundation and several completed projects published under its Documenting the
      American South program which deal with manuscript images and transcriptions in TEI. 

    There are a number of existing tools that provide for user-controlled image annotation.
      This is typically accomplished by providing the user with drawing tools with which they may
      draw shape overlays on the image. These overlays can in turn be linked to text annotations
      entered by the user. This is the way image annotation works on Flickr, for example, and also
      the IMT. The TEI P5 facsimile markup conceives of text-image linking in this fashion also.

    Drawing rectangular overlays on top of an image is a good compromise between ease-of-use
      and utility, and rectangles fit well with most types of written text. It does prompt the
      questions of whether it is possible to go deeper, however, and what to do with lines of text
      that aren’t able to be captured by rectangles. I noted with interest the proof-of-concept work
      my colleagues Sean Gillies and Tom Elliott did earlier this year using the OpenLayers
      Javascript library as a means of tracing text on a sample inscription[1]. The vector drawings overlaid on the image are serialized as SVG which can then be
      saved and used as a linking mechanism. Inscriptol was the inspiration for the work presented
      in this paper. Some further discussion about tools for text and image linking took place on
      the Stoa site at the same time.[2] The starting point for the experiments described here is a tool for tracing raster
      images and converting them to vector graphics named potrace[3]. Potrace will convert a bitmap to SVG, among other formats. It is licensed under
      the GPL. Tests with the tool on manuscript pages were promising, so I decided to see whether a
      toolchain could be constructed, using only Free, Open Source software, that would start with a
      manuscript image in a standard format such as JPEG and take it into an environment where the
      image could be linked to a transcription.

  
  
    The Toolchain

    The goal of this experiment is to see whether it is possible to go from a page image and a
      TEI-based transcription to a linked presentation of the two, using only Free, Open Source
      tools. In addition the experiment is intended to evaluate the extent to which this process
      might be automated and, conversely, where and how much human intervention will be required in
      the process.

    
      Image preparation

      The process of tracing a raster image to produce a vector analog requires a bitmap
        format as input. The source images in DocSouth are most likely to be either TIFF or JPEG, so
        they must be converted to a source usable by potrace. The convert utility that comes with
        the open source image processing library ImageMagick[4] performs this function with ease using a command such as: 
convert mss01-01-p01.jpg mss01-01-p01.pnm
[image: Papyrus (P. Mich. 1.78)]
            
            
Figure 1.Papyrus (P. Mich. 1.78)


      ImageMagick also supports a wide variety of additional image manipulations, and is
        likely to prove useful in other kinds of image preprocessing. As we work on refining the
        techniques outlined here, it is likely that operations such as image sharpening and
        increasing the contrast will be added to the preprocessing pipeline in order to produce
        sources that potrace can do a better job of converting.

    
    
      Conversion to SVG

      Potrace handles the conversion from bitmap to SVG, as part of the process, it collapses
        the image’s color space to 1 bit (black/white) and then creates vector paths tracing the
        black shapes in the image. Setting the cutoff at which it determines whether a pixel becomes
        black or white is one of the main steps at which human intervention is presently required.
        In experimenting on a number of images, I was able to obtain good results after a period of
        trial and error.

      The image in figure 1 was converted to the image in figure 2 using the following
        command: 
potrace -s -t 4 -k 0.3 -G 2.5 P.Mich.inv.\ 3088.pnm
[image: Figure 1 after conversion to SVG]
            
            
Figure 2.Figure 1 after conversion to SVG

 The black/white cutoff, represented by the -k parameter on the command, is
        considerably different for a papyrus image like the one above than for paper.

      Potrace produces an SVG document with paths that look like 

<path d="M5471 5212 c-1 -13 -5 -20 -11 -17 -5 3 -10 1 -10 -5 0
-14 -25 -40 -39 -40 -6 0 -11 -7 -11 -16 0 -12 -4 -14 -12 -7 -16
13 -67 22 -72 14 -2 -3 -67 -6 -144 -6 l-139 0 -12 -44 c-17 -62 1
-78 37 -34 l27 33 93 -4 c51 -2 95 -6 98 -9 11 -11 6 -91 -6 -95
-6 -2 -27 -17 -45 -33 -18 -16 -37 -29 -43 -29 -12 0 -24 -29 -16
-41 4 -8 58 21 74 41 11 14 100 60 114 60 9 0 16 8 16 20 0 11 -7
20 -15 20 -8 0 -15 6 -15 14 0 15 30 44 30 30 0 -5 4 -2 10 6 5 8
12 11 15 8 4 -4 3 -13 -1 -20 -5 -7 -10 -35 -11 -63 -1 -27 -6 -51
-11 -53 -11 -3 -3 -52 9 -52 5 0 9 7 9 15 0 8 4 15 9 15 4 0 6 -12
4 -27 l-4 -28 16 28 c18 32 23 32 54 11 19 -14 25 -14 31 -3 10
15 4 29 -13 29 -7 0 -21 9 -31 21 -16 19 -16 27 -5 71 6 28 20 59
31 70 30 30 40 65 23 82 -9 8 -19 25 -24 38 l-10 23 0 -23z m-146
-149 c-8 -32 -13 -39 -21 -30 -10 9 5 57 17 57 7 0 9 -10 4 -27z"/>
 They
        use SVG’s moveto (m), cubic bézier curveto (c) and lineto (l) commands in relative mode,
        that is the first moveto command determines the start point of the path, and then subsequent
        coordinates are relative to that point. This mode is obviously a convenient notation for a
        program creating the paths, but it is less convenient for working with the paths, so a
        conversion to the absolute notation is necessary. In addition, the SVG output by potrace is
        marked as version 1.0 (although it is compatible with the current standard, 1.1) and the
        paths need to have ids assigned to them so that they will be able to be referred to
      later.

    
    
      SVG Cleanup

      The SVG editor Inkscape (which in fact uses potrace internally to trace images) may be
        used from the command line to output a version of the SVG with the relative path notation
        converted to absolute. If invoked with the -l parameter, Inkscape will output a ‘plain’ SVG
        file without the additional namespaces the program typically adds. For example:
        
inkscape -l P.Mich.inv.\ 3088.svg P.Mich.inv.\ 3088.svg

        XSLT was used to insert id numbers and do additional small pieces of cleanup, including the
        removal of a duplicate SVG namespace and setting the version number to 1.1. After
        processing, an example a path looks like 

<path d="M 88.96875,276.20312 C 88.96875,276.89375 86.36875,280.42813 85.271875,281.2
C 84.825,281.48438 84.5,281.93125 84.5,282.175 C 84.5,282.37813 84.0125,282.94687
83.44375,283.39375 C 82.753125,283.9625 82.55,284.36875 82.834375,284.65312
C 83.321875,285.14062 86.978125,283.51562 90.065625,281.40312 L 92.178125,279.98125
L 93.4375,280.875 C 95.021875,282.0125 97.90625,282.45938 97.90625,281.60625
C 97.90625,281.28125 97.25625,280.79375 96.403125,280.55 C 95.55,280.30625
94.371875,279.65625 93.7625,279.16875 C 89.171875,275.30937 88.96875,275.1875
88.96875,276.20312 z M 90.390625,279.33125 C 90.146875,279.98125 87.34375,281.6875
86.571875,281.6875 C 86.2875,281.6875 86.9375,280.875 88.034375,279.85938
C 89.821875,278.15312 90.91875,277.90938 90.390625,279.33125 z" id="path13332"/>


    
    
      SVG Analysis

      At this point, we have an SVG document that is ready for analysis. The initial
        experiment uses a Python script that simply attempts to detect lines in the image and to
        organize the paths within those lines into groups within the document. The paths are sorted
        left to right and top to bottom and then merged using a simple algorithm. The process starts
        with the bounding rectangle of the leftmost, topmost path and looks at the next path’s
        bounding rectangle. If they overlap top to bottom more than 45%, then the two are merged
        into a group. This continues until no more overlapping rectangles can be found, and the
        remaining paths that have not been assigned to a group are passed to the function again. The
        process repeats until all paths have been assigned to a group. When analysis is complete,
        the Python script writes the results out to disk in two formats. Initially, the script
        produced an SVG file with grouped paths and with bounding rectangles inserted to make the
        boundaries of the line groups visible. 
[image: SVG with the original image embedded, after line detection.]
            
            
Figure 3.SVG with the original image embedded, after line detection.

 Subsequently a Javascript serialization was added to support the browser-based
        display described below.

    
    
      Display

      I noted above that the proof-of-concept work on tracing inscriptions by Elliott and
        Gillies used an Open Source map display library called OpenLayers as the basis for its
        display and annotation capabilities. OpenLayers allows the insertion of a single image as a
        base layer (though it supports tiled images as well), so it is quite simple to insert a page
        image into it. 
[image: OpenLayers with embedded image and transcription]
            
            
Figure 4.OpenLayers with embedded image and transcription

 OpenLayers also supports simple vector structures, such as points, lines,
        polylines, and polygons. It is therefore possible to represent the line-containing
        rectangles generated by the Python script as a vector layer on top of a JPEG version of the
        page image. 
[image: The layers in the image viewer.]
            
            
Figure 5.The layers in the image viewer.

 In order to display the paths traced over the writing itself, however, some
        additional work had to be done. 

      The experimental system discussed here adds several functions to the OpenLayers library
        in order to support paths and groups of paths. OpenLayers represents vectors in the browser
        using either SVG or VML, depending on the browser’s capabilities. This test only attempted
        to display the traced text in Firefox and Safari, both of which have SVG support, so only
        the SVG serialization code was modified. In theory, the VML generation code should support
        similar functionality, but this has not been attempted. OpenLayers provides a very useful
        platform for display because it has built in functionality like zoom and pan, as well as the
        ability to turn layers on and off and to add event handlers for structures it draws. This
        enables, for example, highlighting to be activated when the mouse hovers over a line.

      After the functions to store path data and serialize it as SVG were added to OpenLayers,
        the Python script was modified to output instructions to OpenLayers in Javascript that draw
        the paths and bounding rectangles as separate layers on top of the image. OpenLayers can, as
        described above, enable the addition of even handlers to polygon features, so in order to
        demonstrate the ability to link the grouped vectors to lines in a transcription, I matched
        path group ids to their corresponding line number using a pair of JSON objects (e.g. fig. #)
        

var img2xml = {
grpath168: ["ln0", "ln1"],
grpath282: ["ln2"],
...
grpath3426: ["ln26"],
grpath3626: ["ln27"]
};


      The event handler for a mouseover on one of the rectangles bounding a line of text calls
        a function that changes the color of the paths within the line and the stroke of the
        bounding rectangle itself. 
[image: Hovering over a line in the image.]
            
            
Figure 6.Hovering over a line in the image.

 It also changes the font-weight of the corresponding line of text to bold. An
        inverted data structure points from lines of text to paths and when a mouseover event is
        bound to the line, enables the highlighting of the path when a user hovers over a line of
        text. 
[image: Hovering over a line of text.]
            
            
Figure 7.Hovering over a line of text.


    
    
      Conclusions

      The experiments outlined above prove that it is feasible to go from a page image with a
        TEI-based transcription to an online display in which the image can be panned and zoomed,
        and the text on the page can be linked to the transcription (and vice-versa). The steps in
        the process that have not yet been fully automated are the selection of a black/white cutoff
        for the page image, the decision of what percentage of vertical overlap to use in
        recognizing that two paths are members of the same line, and the need for line beginning
        (<lb/>) tags to be inserted into the TEI transcription (if it does not already
        contain them). The tools employed to produce the SVG tracing and the interactive display are
        all stable and well-supported (although the path support added to OpenLayers needs
        additional work). It seems clear that additional testing and the attempt to produce a
        working implementation will be well worth the effort.

    
  
  
    Where to go from here

    One question posed by the apparent success of the method is what should link to what. What
      structures in the vector graphics document can be detected (beyond lines) and how should they
      be linked to the transcriptions? There are some very thorny concurrency issues here, since ink
      from one letter may touch another, and thus form a single path consisting of multiple letters,
      making it impossible to isolate letters, or even words if the letters belong to different
      words. A descender on the letter ‘f’ might touch a letter in the line below, making it
      impossible to easily identify the two lines as separate. These difficulties mean that linking
      word for word or letter for letter between documents is not necessarily possible. The streams
      are not parallel. Of course, vector paths can be sliced, and the image and text streams
      therefore could be made parallel, but this kind of operation will almost certainly require a
      human being with an SVG editor such as Inkscape. A second, related issue is that text
      transcriptions in XML may well define document structure in a semantic, rather than a physical
      way. Line, word, and letter segments can be marked in TEI, but they frequently are not. The
      DocSouth example used as a test case here does not have line breaks marked, for example.

    The mechanism used for linking bears further thought and study. The current implementation
      hand waves over the problem, simply mapping an id in one document to one or more ids in the
      other and vice versa using JSON. It would be much better to develop a standard for this kind
      of linking, since there is no guarantee that the id from one document would easily be
      available to the other. TEI P5 envisions the alignment of different document streams of this
      type using a link group [5]. Using TEI for this is a possible solution, but it does involve changing the TEI
      document, which may not be desirable. As the P5 standard remarks: “If it is not feasible to
      add more markup to the original text, some form of stand-off markup will be needed.” Stand-off
      markup seems a better solution in the abstract, but it isn’t immediately clear what is the
      best way to implement this solution.

    The proof-of-concept system illustrated above attempts to detect lines only, and that in a
      very simple way, by looking along the x-axis for overlapping structures. Probabilistic methods
      may well prove the best way to determine whether any given path belongs to the same group as
      another path, or whether a previously constructed group really holds together. The algorithms
      for structure detection therefore need a great deal of refinement and it is not yet clear how
      deep it is possible to go in detecting structure within the SVG image automatically. How much
      human intervention can be asked for, provided, and enabled within this framework is an
      important question too. OpenLayers provides some limited vector editing capabilities, but how
      reasonable is it to ask a user to manually split, for example, two lines that have mistakenly
      been combined into a single group?

    The prospects for further development of this idea seem rich. I hope to proceed by further
      developing and refining the structure detection routines, by refining the display capabilities
      of the web interface and improving and standardizing the linking mechanisms. I plan to seek
      grant funding to work on this in the context of one or more of UNC Library’s digitized
      manuscript collections later this year.
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       Abstract
This paper addresses the issue of
sharing and integrating data across RDF and
        Topic Map representations. The novel
aspect of tackling the RDF - Topic Maps
interoperability
        problem is the attempt to identify the
right balance between the following key aspects:
        (i) semantics-preserving data translation;
(ii) completeness of the translation; (iii)
pragmatics
        and usability of the translation. The
proposed strategy towards achieving this goal is
based on
        exploiting the ontological correspondence
between RDF and Topic Maps.  The design focus is
placed
        on a translation respecting the meaning
and the readability of the RDF - Topic Maps
translation.
        The paper analyzes the feasibility of the
interoperability task, presents some requirements
derived
        from this analysis, and proposes a method
for RDF - Topic Maps translation. The proposed
method is
        implemented as a plug-in of the TM4L topic maps editor.
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      Introduction



       Data availability is no longer a
major problem given the sheer volume of
information on the web
         and the advances in information retrieval
and indexing technology.  The lack of
interoperability at the
         model, metadata, and data levels presents
the major barrier to knowledge and data sharing
[ref33].
         Many-to-many data-interchange media, such
as the web, pose new requirements for sharing and
exchange of
         data. One of the most challenging among
them is the ability to make use of information
outside of its
         structural origin. This requirement
implies data interchange not only on a syntactic,
but also on a
         semantic and structural level.  


      The presented work was motivated by
the idea of creating a tool that allows effective
reuse and
        integration of existing Topic Maps (TM)
and RDF data. Similarly to previous efforts in
this direction
        [ref15], [ref18], [ref21],
[ref3],
        [ref10], [ref28], we aim at enhancing the
interoperability between
        the two models by providing
        translation bridging the two frameworks,
instead of forcing applications “to speak the
same language”.
        The aim is similar but the proposed
approach is different.  In previous works, the
mapping strategies
        are guided by the observed equivalence
between the Topic Maps subject and RDF resource
concepts. Such a
        strategy implies some sort of
subject-centered translation. In contrast, our
approach is based on the
        ontological correspondence between RDF and
Topic Maps.  Diverse and interesting similarities
can be
        captured based on correspondences between
the ways we relate things rather than on the
correspondences
        between things alone. Therefore, our
approach implies identifying similarities not
only between concepts,
        but also between how statements about
those concepts are asserted. Such similarities
make the translation
        between the two models more predictable.
This is a principal point in our translation
approach, which
        proposes to divide the concepts to be
translated into overlapping and non-overlapping
categories and
        then to conquer them by translating, with
a correspondingly focused and general
translation.  


     This type of work is related to
ontology and metadata mapping [ref13],[ref14],
      [ref24],[ref31]. Metadata mapping,
       in particular, involves an identification
of equivalent or nearly equivalent metadata
elements within
       different metadata schemas. In contrast to
metadata mapping, translation between
independently developed
       RDF and Topic Maps data can not be
accomplished by mapping between two vocabularies.
The mapping mechanism
       is more complex because it involves mapping
between frameworks with extensible vocabularies
implying that
       one-to-one correspondence is not generally possible.


     A critical question regarding this type
of translation is whether all concepts of the
source language
       can be appropriately translated to some in
the target language. Assuming that a complete
translation is
       possible, a derived question is whether all
concepts from the source language should be
translated to the
       target language at any price. At first, it
seems that complete and accurate translation from
the source to
       the target language (if possible) should be
preferable to the translation skipping or
transforming the
       meaning of some concepts. However, the
answer, in fact, depends on the purpose of the
translation and on
       the selected criteria. The translation as a
process and objective involves two aspects:
semantic and
       pragmatic [ref35]. They
correspond to the following questions: Is a
concept from the source language expressible
       in the target language? Is a concept
translated from the source language useful in the
target language? 


    The technical and pragmatic aspects of
the translation reflected by the above questions
are equally
       important. They also imply a variable
strategy. Instead of a complete and faithful
translation in some cases
       it might be better to chose a translation
preserving the meaning of some concepts and
modifying (slightly)
       the meaning of some other in order to match
them to predefined concepts in the target
language. The translation
       strategy of the source concepts should not
be independent from their role in the target. For
example, extending
       a language to accommodate a foreign concept
is a challenging task from a usability
perspective. The following
       observations indicate that the set of
concepts satisfying the first question is not
necessarily equivalent to
       the set of concepts satisfying the second one:

     

     	 Translation of conceptual
structures from the source model, even when
preserving their meaning
       (e.g. a TM binary association translated
into seven RDF statements), is not very useful if
translated
       structures are not recognizable to the
agents using the target model.
  

     	 Translating a conceptual
structure from the source language that does not
have a counterpart in
       the target language (e.g. TM variant
names), may result in translated concepts which
are meaningless and
       are disregarded by the agents using the
target language. 
 

     


     In trying to enhance the RDF - Topic
Maps conversion we focus on identifying the right
balance between
       the following key aspects: (i)
semantics-preserving translation; (ii)
completeness of the translation;
       (iii) pragmatics and usability of the
translation. In contrast to the previous works on
RDF - Topic Maps
       mapping, preserving the ontological
vocabulary is not a required property of our
translation approach.
       Instead, the basic requirements are guided
by pragmatic and semantic considerations. As a
result, the focus
       is on a translation respecting the meaning,
the utility and the readability of the translated
data.


     This paper addresses the problem of RDF
- Topic Maps interoperability by analyzing the
feasibility of
       this task and identifying some requirements
derived from that analysis.  Based on the results
of the analysis
       we propose a method for RDF - Topic Maps
(RDF2TM) translation. In contrast to metadata
mapping, a general
       RDF2TM mapping goes beyond the simple data
interoperability, since it involves exchange of
conceptual knowledge
       within and across the corresponding Topic
Maps and RDF models. The paper starts with a
conceptual discussion
       of problems in RDF - Topic Maps
interoperability, which motivated the design
requirements of our translation.
       Section 3 discuses the technical details of
the proposed approach, while the implementation
and examples are
       presented in section 4. We summarize the
related works and tools addressing RDF2TM
translation in section 5
       and conclude in section 6.


     


  

      Semantic and Pragmatic Aspects of RDF
- Topic Maps Interoperability 



  

      Terminology 


     
       	The term  translation  means
changing the representation
          formalism while preserving the semantics.
       


       	The term transformation means
changing the representation
          as well as the semantics.
       


       	Mapping means relating
similar concepts or relations from
         different sources to each other by an
equivalence relation. A mapping results in a
virtual integration.
        


       	The term  interoperability means
ensuring information
        exchanged between two models that is
understandable in the manner intended by the
original creator.
       


      	Semantic interoperability
is the ability of systems to share
       and understand information at the level of
formally defined and mutually accepted domain
concepts, enabling
       machine-processable interpretation.
      


      	The terms model, data model,
language, and
      format are
used interchangeably in combination with the
terms RDF and
       Topic Maps (e.g. RDF model, RDF format).


      	When there is no danger of
confusion, the phrase RDF - Topic Maps
translation/mapping (RDF2TM)
       will be used to mean RDF to Topic Maps and
Topic Maps to RDF
translation/mapping.


      	RDF
Schema (RDFS) extends RDF with
“schema vocabulary”.
       It provides the framework to describe
application-specific classes and properties. The
proposed translation
       uses RDFS for some Topic Maps constructs.
We choose the term “RDF” (in the title) based
on some traditional
       associations and because a document that
uses terms from the RDFS vocabulary is still an
RDF document. In
       the following the acronym RDF(S) will be
used to denote both RDF and
RDFS.


    


  



      RDF and Topic Maps interoperability:
a conceptual viewpoint  


      As with natural languages, translating
RDF constructs into corresponding Topic Maps
constructs and
      structures requires interpretation and may
involve some loss or distortion of meaning. The
interoperability
      between RDF and Topic Maps languages has
been addressed by various authors[ref3],
      [ref10], [ref15],[ref18],[ref21],
      [ref21], with
      a focus primarily of the syntactic and
semantic level; less attention has been paid to
the pragmatic and
      practical aspects of the translation. In
contrast to the previous works on RDF2TM mapping,
vocabulary and
      structure preservation is not the top
priority of our translation.  Our basic
requirements are guided by
      pragmatic and semantic considerations. 


     We distinguish differences between
ontology languages from differences between the
ontologies themselves.
      The latter can further be divided into
differences among the things that are described
and differences in
      the way things are described. The problems
associated with the semantic interoperability
between RDF and
      Topic Maps are mostly due to the differences
in their original assumption of how the world is
modeled.  These
      differences are passed to the corresponding
modeling frameworks, which directly affects the
syntax and the
      descriptive capability of each. It also
affects the mapping between the two models. The
fact that RDF and
      Topic Maps differ in representation,
structure, and vocabulary leads to a great
multiplicity of matching
      alternatives. In general, an RDF2TM mapping
process can not be defined by one-to-one matching
relationships
      between the source and target concepts.
Typically it involves one-to-many, many-to-one,
and one-to-none
      relationships. This type of matching
ambiguity may turn into semantic inconsistency
that is not resolvable
      without specific domain information.  Such
inconsistencies occur because the source model:
(i) differs in
      compositional granularity from the target,
(ii) has extensible vocabulary along with the
target and
      (iii) contains concepts that are irrelevant
according to the target ontological vocabulary.



     These observations are critical in the
context of RDF — Topic Maps interoperability.
We can illustrate
      the key points in comparison with
conventional programming languages. First
consider the translation of the
      FORTRAN loop statements 

      DO 10 I = 1, 100
         STATEMENT1
         …..
         STATEMENTn
     10  CONTINUE 



into the following  C++ statement.



    for(int i = 1; i < 101; i++)
       {
	  statement1
           …..
           statementn

       }


     It is straightforward, because the loop
vocabulary (keywords) is predetermined and it
does not depend
      on the intention of the user.  The FORTRAN
loop statement  DO 10 I = 1,
100
      doesn’t allow variations, e.g.
PERFORM 10 I = 1, 100.
 Similarly, C++ does
      not support extensibility with non standard
control structures and for loop is defined in the
language. Any
      change in the C++ loop vocabulary
 for(int i = 1; i < 101;
i++) e.g.
      into  trough(int i = 1; i
< 101; i++)  will violate
the syntax rules.
      This results into  one-to-one matching
between the two loop statements with fixed
semantics.


     Now consider a similar task in our
original context: translating the following Topic
Maps binary
      association  [1]:


         based-on(lecture7 : adaptation,  Xpointer : source)



     with verbalization:  Lecture7 is based on the topic
Xpointer, where
      Lecture7
plays a role of  adaptation and
      Xpointer
plays a role of source.
      Can we translate this association into a
single RDF property


         ex:lecture7     ext:based-on      ex:Xpointer


     with corresponding verbalization
Lecture 7 is based on
Xpointer?
      The answer is not obvious at a syntactic
level.  Firstly, the naming (vocabulary) in the
TM association
     


         based-on(lecture7:adaptation,  Xpointer : source) 


     is left to the user’s choice, as
opposed to the first example. For instance, it is
possible to
      assert Topic Map association with different name, e.g.
     


         derived-from(lecture7:adaptation,  Xpointer : source)


     but with an equivalent meaning to the
first one.  More interestingly, Topic Map
associations differ
      in compositional granularity from the RDF
properties. Their expression involves concepts
such as association
      type and role types coupled with
role-playing topics. The Role player: Role type
      constructs of the Topic Maps association do
not have a matching counterpart in the RDF
properties (i.e.
      one-to-none matching). In such cases there
are three alternatives: to disregard all role
players in the
      translation, to translate them into a
predefined RDF construct with a similar meaning
or to perform a
      semantic preserving translation into RDF
construct intended to serve as an RDF encoding of
the TM role
      types and role players. Even if we decide to
skip the Topic Maps role types translation, we
still have
      to decide how to relate role players to the
subject and object of the RDF based-on property.
This will
      transform the directionally neutral Topic
Maps association into uni-directional RDF
properties. A closer
      look at Topic Maps association
specifications reveals that both role players
must be topics (they cannot be
      strings) while the object of the RDF
based-on property can be any resource. For
example, in one RDF document
      the object of the ext:based-on property may
refer to a web page describing Xpointer (single
resource)
      while in another RDF document the object of
the ext:based-on property may refer to the
Xpointer concept
      with a reference to book chapter divided
into sections by relevant RDF properties
(structure of resources).
      Thus significant amount of the information
carried by the association 


         based-on(lecture7 : adaptation,   Xpointer : source)


      will be lost if we choose to translate
it directly into the RDF
statement


         ex:lecture7     ext:based-on      ex:Xpointer


     is In fact such a process will be a
transformation
of a Topic Maps
      association into an RDF property, since it
is changing the representation as well as the
semantics.
     


     One point that was left implicit in the
above example is that a complete semantic mapping
is not
      always the best alternative. For example, if
the Superclass-Subclass
      association


         Superclass-Subclass(Person: superclass,
Professor: subclass)




      is mapped directly to the RDF(S)
subClassOf property:


         ex:Professor   rdfs:subClassOf  ex:Person



     where the player of type superclass is mapped to
the object and the player
      of  type subclass is mapped to the
subject of the
      subClassOf
property, then the role types (viz.
      superclass
and subclass)
will be lost.
      If we choose to ignore such a loss, the
compensation  will be a direct use of the RDF
      subClassOf
property with predefined semantics that captures
the
      intended meaning of the Topic Maps Superclass-Subclass
association. Similar
      arguments also apply to user defined
associations/properties such as based-on. However
the Topic Maps and
      RDF extensibility makes finding a user
defined property with equivalent semantics a
challenging task.


     In contrast, a translation of source
content, which includes concepts that do not
exist in the target
      model, may result in a redundant set of
data, a set that remains unused by the agents
using the target
      representation. Indeed, we can translate a
Topic Maps binary association with role types and
role players
      into RDF by mapping it into a composition of
RDF properties that preserve the role concept.
Thus, it is
      possible to define a translation that
captures the semantics of a TM association.
However, the interpretation
      of the corresponding RDF composition
embodying the role concept is conveyed by an
external agreement for RDF.
      More importantly, semantic consistency does
not imply intentional consistency. An agent
reading the target
      may be unable to grasp the role concepts as
intended in the source. As a result, the original
intention
      assigned to association roles may be lost
despite their faithful translation. To make this
example more
      specific, consider a user-defined Topic Maps
association, employment,
      involving two roles, employer and  employee.
      The two roles can be translated into
matching RDF constructs participating in the
translated
      employment
association.  For example, for each role in the
       employment
association we can include a statement
      whose property corresponds to the role type
(viz. employer
and
      employee);
its value is a property with predicate
      member that
references the role player, where referencing is
done
      through an additional (e.g. referencedBy ) property.
      Obviously, this will increase the complexity
of the resulted translation while
      decreasing its readability.  More
importantly, despite their presence in the
resulting RDF encoding, the
      constructs corresponding to the employer and
employee roles may remain unused because they
correspond to
      concepts defined outside of RDF - the
existing RDF applications are designed with no
assumptions relating
      to query, search, display, etc., association roles. 


     It is even more challenging to
pragmatically integrate the TM contextual roles
(e.g. when a
      person playing a role of husband in one context is
playing a role of
       father in
another context) in an RDF setting, ensuring
their practical
      utilization. When a topic map user applies a
scope to a particular statement, he does that
with certain
      intent. The scope concept with meaning
provided by the Topic Maps data model is
designated to capture this
      intention. Since there is no corresponding
term (and meaning) in the RDF vocabulary, this
intention can not
      be passed to the target. A possible approach
for overcoming such problems is to extend the RDF
vocabulary
      with terms for naming given RDF compositions
that correspond to particular Topic Maps concepts
      (e.g. rdf:scope).  However, we
believe that we should not target a translation
      that enforces or assumes that RDF users and
applications should “speak Topic Maps”.



     Translating in the opposite direction,
from RDF to Topic Maps, demonstrates slightly
different problems
     [ref10].
      Consider, for example, a general RDF
property, relating two resources identified by
their URIs. It can be
      mapped to either a TM binary association or
a TM occurrence. The correct mapping of the RDF
property to a
      Topic Maps format depends on the intended
meaning of the property (e.g. employment
      vs. seeAlso). On the  other
hand, properties such as
      rdf:type or
rdfs:label allow
us to map
      them unambiguously  to Topic Maps
expressions. The mapping in this particular case
is enabled by the existing
      rdf:type
and rdfs:label
semantics
      in the source language. However,
non-standard properties, such as rdf:is-described-by,
      rdf:plays
or, rdf:exists,
      do not carry predefined semantics and thus
can not be mapped based on any logical ground.
RDF does not make
      any assumption about their meaning except
that they relate two resources - one playing a
role of subject and
      the other a role of object. In this case a
semantic mapping to Topic Maps terms would
require a significant
      human involvement. If the property rdf:is-described-by
denotes a relationship
      with an information resource that is
pertinent to and enlightens a given subject, then
this property should be
      translated to a TM occurrence, otherwise it
should be translated to a TM binary association.
Note that a
      complete and accurate mapping will
      require additional decisions to be made
about the occurrence type and the role types of
the association in
      each of the corresponding decision steps. In
a situation like that, human involvement can not
be eliminated
      because a correct property translation will
require an understanding of the context of the
property, so its
      intended meaning and the resources it
involves can be captured. These distinctive
features of the two models
      and the differences in the compositional
granularity result in a mapping ambiguity and the
need of an
      additional vocabulary, such as RTM [ref10], [ref23],
for explicitly
      defining external meaning and intentions. 

  




    Design Requirements


     Based on the above observations, we
focus on a translation that respects the meaning
while maximizing
      the usability of the translation result. To
achieve this we exploit the ontological
similarities between the
      models, which also allow natural integration
of the translated expressions into the target
formalism. As an
      additional requirement, we chose not to
support guided translation [ref10],
      [ref29], [ref30].  Thus, we assume that the
      source model is not annotated with specific
information for the purpose of guiding the
translation. This kind
      of annotation presumes familiarity with both
models. It is typically done manually and is a
costly exercise.
      A further assumption is that sharing
vocabularies across the two models is not
required. Our opinion is that
      the purpose of any translation is to make
translated concepts interpretable in terms of the
native vocabulary
      and to allow users not knowing a foreign
vocabulary to utilize it. In fact, the primary
role of the translation
      is to make users independent of a foreign
vocabulary. The above assumptions served as a
starting point for
      identifying the key requirements of the translation.  




Origins of the requirements


     The basic idea driving the proposed
translation requirements is that RDF and Topic
Maps represent two models
      that overlap to a certain extent in their
modeling capabilities. This overlapping is at an
ontological level.
      It refers to similarities in the way things
are organized, e.g. similarities in the way
things are grouped into
      classes and the way things are related to
each other, to properties or to pertinent
information resources in
      both models. Any strategy for dealing with
overlapping concepts implies a decision about
what to do with
      non-overlapping concepts. However, the
intuition is that of the total amount of
available RDF and Topic Maps
      data the portion that
is represented with non-overlapping conceptual
structures is
      insignificant compared to the potentially
sharable information.  


     The examples discussed in section 2.2
illustrate some translation problems inherent for
extensible
      frameworks such as RDF and Topic Maps.  In
such data models the vocabulary is not fixed, but
is open for
      defining new terms for particular
application domains. A further complication is
that when the data models
      differ in compositional granularity, the
recognition of coarser from finer structures in
general can not
      be done at a syntax level.  


     On the other hand, there are a number
of initiatives, such as Dublin Core [ref1],
      [ref7], FOAF, etc., that
      provide fixed vocabularies with well defined
meanings.  Another trend in the Semantic Web is
the rise of data
      that commits to simple ontologies, like SKOS
[ref16], OBO and BIO. There are
also a number
      of predefined properties
      and classes in RDF, as well as associations
in Topic Maps. The predefined constructs provide
necessary
      information for accurate mapping.  Since a
full automatic translation between RDF and Topic
Maps is not
      feasible in general, one possibility is to
provide specialized translations among common
ontologies/schemas.
      Here we can draw an analogy with natural
languages, where there is a variety of
specialized language
      translations, such as in the technical,
medical, legal, and financial areas.  This
analogy suggests that
      a certain accuracy of the translation can be
achieved with a specialized translation. Such
domain-specific
      RDF2TM translations could cover a
significant portion of the RDF and Topic Maps
data on the Web. The
      remaining (smaller) portion will be the
subject of generic translation. 


     A set of overlapping concepts in RDF
and Topic Maps is given in Table 1. Another
example is the RDF
      dialect for the Dublin Core Metadata
Initiative (DCMI) and the corresponding dialect
under development from
      the Topic Maps community [ref9],[ref17],
[ref25].
      A useful set of overlapping concepts can be identified between the TM4L
      Topic Maps dialect [ref8],
[ref9] and SKOS. Obviously,
such overlaps
      with one-to-one correspondence enable a
      straightforward semantics-preserving
translation and allow round tripping. Since the
overlapping concepts
      allow translation with features matching the
requirements, they are made the subject of a
special (focused)
      translation.


	
	Table 1A set of overlapping concepts from the RDF and Topic Maps predefined vocabularies


		RDF	Topic Maps

	
	
		resource 	Topic

		type  	Class-Instance association

		subClassOf 	Superclass-Subclass association

		seeAlso 	Occurrence

		label 	Name

	
	





     We extend the set of overlapping
concepts to include TM binary associations and
RDF properties.
      To be consistent with the description of
overlapping concepts, we restrict the Topic Maps
binary associations
      to associations with all-scopes.  As for
RDF, we assume that the properties relating the
subjects to the
      relevant information resources
(corresponding to Topic Maps occurrences), are
identifiable from the general
      properties. These restrictions may seem too
limiting for potential applications. However, our
analysis
      indicates that in most applications, RDF is
used as metadata infrastructure. When the RDF
properties are
      used to relate resources analogous to Topic
Maps occurrences, they use Dublin Core
      (e.g. dc:Relation or dc:Source) or, for
      educational applications, the LOM
vocabulary, which makes them identifiable. The
part of non identifiable
      cases, then, is not so significant.





  
     Requirements


     The following is a list of requirements
guiding the proposed translation between RDF and
Topic Maps.

  

     	The data translated from the
source language must allow merging without
syntactic
     inconsistencies with the data in the target language.
  

   	The translation must cover the
overlapping concepts of the two models,
minimizing the
      use of concepts beyond the shared
ontological boundaries.  
 

   	The translation must not change
the original meaning of the overlapping concepts.



   	The translation must respect
pragmatic requirements, meaning that the
translated data
    is understood as intended by the agents using
the target.  
 

  	The translation must be faithful
to the existing RDF(S) core classes and
properties, to the
   TM core types and to the metadata standards
that have pre-existing RDF representation.

 

  	For non overlapping concepts
preference should be given to transformation into
similar
   predefined concepts when possible.  
 

  	Queries written against one
model must be usable with data translated from
the other.


  	The translation between the two
models is supposed to be unguided, that is,
   no annotation for guiding the translation is assumed. 
 

  	Round-tripping should be possible. 
 

     


     The rationale behind the second and
sixth requirements is based on our intent to
support the co-existence
      of RDF and Topic Maps by enabling them to
interoperate without the need of a centralized
agreement on new
      vocabulary terms or how to interpret a
translation of a particular construct. The
adopted strategy aims to make
      the two models interoperate without
introducing concepts with external meaning (if
not necessary) to any of the
      models. This eliminates any need of
pre-existing agreement (between the two
communities) on the interpretation
      of the translated data. Such a strategy
favors exchange via data translation carrying no
external meaning and
      which is faithful to the basic vocabularies of both models. 


     As we aim for a translation process
providing a reversible translation between the
overlapping concepts
      of the two models, we need to define the
formal meaning of reversible translation.


     By reversible translation we mean that
a translation of an RDF (TM) dataset to a TM
(RDF) dataset
      followed by a reverse translation of the
resulting dataset to an RDF (TM) data will yield
the original
      RDF (TM) dataset.


     Definition. Let T1
      be translation of an RDF
      dataset ARDF
to a Topic Maps dataset
      ATM.
      Let T2
be a reverse
      translation of ATM
to a dataset
      ARDF.
The translations
      T1 and
      T2
are said to be reversible iff  for any
      dataset translated by T1
(T2)
      the translation by T2
(T1)
      of the output from T1
(T2)
      generates the original  dataset. That is,
     T2(T1(ARDF))

     ≡ ARDF
      and T1(T2(ATM))

     ≡ ATM.









       Integrating Generic with Focused Translation


     The purpose of defining overlapping
concepts is to enable an RDF2TM translation that
integrates generic
      with focused translation in a single system.
The focused component of the translation is
intended to deal
      with the constructs identified as
“overlapping concepts”. This also includes
metadata vocabularies expressed
      in both RDF and Topic Maps in accordance
with recognized standards.  For such constructs
the translation is
      supposed to yield a semantics-preserving and
reversible translation (also referred sometimes
as “overlapping
      translation”). The remaining constructs
are subject to generic translation. We claim that
such an approach
      will result in a translation with an increased pragmatic value.

     A significant portion of the
information in the Semantic Web comes in three
forms: metadata, taxonomies,
      and lightweight ontologies. (Some authors
argue that most of the Semantic Web is metadata
      [ref35].) This means
      that Superclass-Subclass,
Class-Instance, and Dublin Core
metadata
      form a vocabulary with a key role in the
Semantic Web. If we enable a lossless and
      faithful-to-the-original-intention
translation even only for the data expressed by
this “core vocabulary”,
      that will already be a contribution to the RDF-TM interoperability.





     Focused (overlapping) translation


     Since the separation between
overlapping and non-overlapping concepts is based
on syntactic distinctions,
      the differentiation of their translation
does not significantly increase the level of
complexity. The following
      strategy for translating RDF properties into
Topic Maps associations can be used as an
illustration of this
      approach. 


     The RDF type property is converted
to
      Class-Instance
association, where the subjects of the property
aremapped to the
      instance
members of the association and the objects of the
      type
property are mapped to the corresponding typing
topics. The RDF(S)
      subClassOf property is converted to
      Superclass-Subclass
association, where the subjects of the property
are mapped
      to the subclass association
members and the objects of the
      subClassOf
property are mapped to the superclass
      association members. RDFS label
 properties are converted to Topic names (baseName). 
The predefined RDF(S) properties seeAlso are converted to
      Topic Maps occurrences, where the subject of
the property is converted to a topic and the
object of the property
      to the topic occurrence. More  specifically,
the object of the seeAlso property
      is converted to an external occurrence of
type Information
Resource. The remaining
      RDF properties (describing user defined
structures) are  subject to generic translation.
They are converted
      into a Topic Maps binary association with
two role types: subject and
      object,
mirroring the subject and the object of the
corresponding RDF property.
      The type of the association corresponds to
the predicate of the property.


     Going in the reverse direction is
similar. All TM Class-Instance associations
      are converted to an RDF type property, where the
topic instances are mapped to the
      subjects and the typing topics of the
associations are mapped to the objects of the
      type
property. Superclass-Subclass
      associations are converted to a subClassOf property, where
the players of
      type superclass are mapped to
the objects and the players of type
      subclass
are mapped to the subjects of the
      subClassOf property. 


     The remaining binary associations are also
subject to focused  translation. The association
      assoc(player1:Role1,
player2:Role2) is translated to RDF(S)
by creating a property
      assoc with
domain Role1
(Role2) and range
      Role2
(Role1).  Note that the choice of
which association role types to
      map to the domain and which one to the range
of the property is arbitrary. The lack of
predetermined mapping
      reflects the fact that, the TM role types
play a neutral role in the associations and any
decision of how to
      map them to the domain and range will have
equal effect on the translation. For example, one
possible
      translation of the association employment(Christo:employee,
WSSU:employer)
      into an RDF property may result in an RDF
property employment with domain
      employee
and range employer.
      This translation generates the property
employment that
applies to instances of
      the class employee and the values of
the employment
      property are instances of the class employer.
The other alternative
      will generate an RDF property employment with domain
      employer
and range employee, which
      means that the property employment now applies to
instances of the
      class employment and the values
of the property are instances of the class
      employee.
Since the Topic Maps associations are
directionally neutral,
      there is no danger of reversing the
directionality  of the origin. Instead, we are
fixing it. As Topic Maps
      do not assume any directionality, the names
of the associations are typically articulated by
a direction-neutral
      terms (e.g. employment).  Thus, the
selection of the directionality does not
      affect the readability of the translation result.


     Topic Maps external occurrences are
converted to a seeAlso property
      with an object of the occurrence URI.
Internal occurrences are also converted to a
      seeAlso
property with an object of the internal resource
(string). Finally topic
      names are
converted to an RDFS label property.





     Translating between RDF and Topic Maps metadata formats



     As stated earlier, the goal of this
work is to foster the interchange of resources
between RDF and Topic Maps.
      However, resource semantics is a broad term,
which includes ontologies, metadata and
instance-data. From the
      perspective of a librarian, cataloger or
publisher, the Semantic Web is a metadata
initiative. Therefore,
      successful interoperation requires an
efficient strategy of how the standard categories
of metadata relate to
      each other across RDF and Topic Maps
formats.  The current web includes ontologies and
metadata developed by
      different communities, such as Dublin Core
metadata, FOAF etc. FOAF data currently makes the
bulk of the
      Semantic Web information. Another trend is
the rise of data that commits to simple
ontologies like SKOS.
      The proposed approach combining translation
of overlapping concepts with generic translation
also incorporates
      methods specializing in specific metadata
formats and dialect vocabularies. The inclusion
of metadata into
      “overlapping concepts” is a reflection
of the existence of both RDF and Topic Maps
standards for encoding the
      included metadata. The standardization is an
important component that integrates them in both
languages and
      makes them overlapping concepts. For example
DCMI currently has a Recommendation for
expressing Dublin Core
      in RDF/XML [ref1],
[ref20] and a new work item was
recently approved
      by ISO for a Type 3 Technical Report on Expressing
      Dublin Core Metadata Using Topic Maps [ref25], [ref26].
      Assuming a two-format representation, the translation turns
      into a simple mapping between two standard
encodings of the same metadata concepts.


     Table 2 shows the proposed translation
between RDF and Topic Maps representation of
Dublin Core Metadata.
      Based on the recommended encoding of the
Simple Dublin Core Metadata Element Set [ref7]
      and following Pepper [ref25], elements  contributor, coverage,
      creator, type, format, language,
      publisher, relation, source and
subject are
translated into an
      association of  the corresponding type (see
Table 2). The resource to which metadata is being
assigned
      is represented as an association role of
type resource,
while
      the other  role of the association is of
type value. The
elements
      date, description,
identifier and rights
      are represented as occurrences, while the
element title is
represented
      as a topic name.


     The reverse direction is obvious. Topic
Map associations of type contributor, coverage,
      creator format, language, publisher,
relation, source, subject, and
type
      are translated to dc:contributor, dc:coverage,
dc:creator, dc:format, dc:language,
      dc:publisher, dc:relation, dc:source,
dc:subject, and dc:type, where the
      players of type resource are translated to
the subject and the player of type
      value to
the object of the corresponding property. The
occurrences of type
      date, description,
identifier and rights are
      translated to properties dc:date, dc:description,
dc:identifier and
      dc:rights.
Finally, the topic name
      is translated to dc:title.



Table 2Translation between Dublin Core
Metadata Element Set and Topic Maps


	DC Term Name	TM Representation



	contributor 	association
contributor(object: resource, subject:
value)

	coverage  	association
coverage(object: resource, subject:
value)

	creator 	association
creator(object: resource, subject:
value)

	date 	occurrence of type date

	description 	occurrence of type description

	format 	association
format(object: resource, subject: value)

	identifier 	occurrence of type identifier

	language 	association
language(object: resource, subject:
value)

	publisher 	association
publisher(object: resource, subject:
value)

	relation 	association
relation(object: resource, subject:
value)

	rights 	occurrence of type rights

	source 	association
source(object: resource, subject: value)

	subject 	association
subject(object: resource, subject:
value)

	title 	name of type title








     As for RDF dialects, such as FOAF and
SKOS, there are no corresponding recommendations
from the
      Topic Maps ISO side. As an illustration of a
translation between SKOS and Topic Maps, we
present
      sketchy translations between associations
from the TM4L Dialect of Topic Maps and SKOS
properties.
      The association Related(player1:Relation,
player2:Relation) is translated
      to RDFS by creating a symmetric property
rdfs:related by defining 
a symmetric property rdfs:related 
which entails the inverse relation of subject and object.  





Generic Translation


     Semantics preserving translation is
just one of the criteria guiding our translation
strategy.
      As we mentioned earlier, the translation is
intended to facilitate interoperability. The
interoperability
      is measured by the ability of the two models
to share common concepts. Concepts that have no
match in the
      other model are among the ones that make the
translation task difficult. For such concepts it
is possible
      to provide translation generating
semantically equivalent results such that even a
user familiar with RDF
      and Topic Maps will hardly recognize and
understand. Therefore, for non overlapping concepts
we combine
      our criteria with pragmatic
interoperability. Pragmatic
interoperability
      is used to measure the utilization of the
translation result for achieving the agent’s
goals.  It is in
      line with the intentional consistency as a
measure of the occurrences when the intended
meaning of the
      translation is in agreement with its actual
interpretation from agents operating on the
source. The proposed
      generic translation is intended to generate
syntactically correct encoding in terms of the
target model
      with minimal intentional inconsistency with
respect to the original. All Topic Maps and RDF
concepts that
      do not have corresponding counterparts in
the other model (i.e. with no matching target
concepts) are
      subject to generic translation.  Strictly
speaking, the term “generic translation”
refers to a combination
      of translations and transformations. The
semantics of particular source concept may change
its meaning
      when translated into the target model in
order to make use of existing concepts with
similar meaning
      instead of introducing new ones.
Syntactically correct RDF (Topic Maps) output
generated by the proposed
      approach does not always imply a compete
translation. It is possible that part of the
input changes both
      the representation and semantics during the translation. 


     The Topic Maps N-ary associations are
dealt with generic translation. The concept of an
n-ary
      relationship can be represented in multiple
ways in RDF. We propose a translation where an
association
      n-assoc(player1:Role1,
player2:Role2, .., playern:Rolen) is
translated
      to RDF by creating blank nodes as  shown in Figure 1.
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Figure 1.Figure 1. N-ary Relationship




     The other Topic Map concept that is a
subject to a generic translation is scope. We
translate scope by
      defining an RDF class Scope. The intention is
for all scopes to be defined as
      a subclass of the class Scope. Thus each scoped
item (e.g. name or occurrence)
      becomes a member of a particular “scope”
subclass in addition to its preexisting class
memberships. Such
      scope-based classifications allow additional
grouping of the corresponding items based on
their scopes.



     The variant names are translated into a
new RDFS property altLabel
      defined as a sub-property of the property
rdfs:label. The
use of the term
      altLabel
was motivated by its inclusion in the SKOS
vocabulary.


    The non-overlapping concepts from the
RDF side include containers and
     collections.
The three types of containers:
     bag,
sequence and alternative are intended
     for a different type of resource grouping. We
transform RDF containers into compositions of the
predefined
     Topic Maps InstanceOf and Whole-Part binary
     associations. For each container, a topic of
type Bag, Seq or
     Alt is
generated. This topic container is also a role
payer of type
     whole. The
contained items, called members, are translated
as role players
     of type part
and linked by the Whole-Part
     association to the container topic.


     For example, the statement “Group1
consists of the students Elva, James and Paul”
with the following
      RDF representation.


   <rdf:Bag>
      <rdf:li rdf:resource="#Elva"/>
      <rdf:li rdf:resource="#James"/>t;
      <rdf:li rdf:resource="#Paul"/>
   </rdf:Bag>


     is translated into the following
sequence of Topic Maps
assertions


    InstanceOf(Group1:instance, Bag:class)
    Whole-Part(Group1: whole, Elva: part)
    Whole-Part(Group1: whole, James: part)
    Whole-Part(Group1: whole, Paul: part)


    The remaining type of containers
rdf:Seq  or
    rdf:Alt are
translated in a similar fashion. The difference
is that the
    container topic is now of type Seq  or Alt
    instead of Bag. Thus each container
is composed from multiple
    Whole-Part
associations applied to the container topic of
type
    Bag/Seq/Alt. 


     The translation of the RDF built-in
structure List
is similar with some
      abuse of the Whole-Part association. To
avoid defining new non-standard
      associations we (inaccurately) treat list
members as part of a particular container of type
      List. Thus
RDF list members are represented as parts of a
topic
      of type List .









  Implementation and Examples


     The tool providing the translation
between RDF and Topic Maps has been designed as a
plug-in to the Topic Maps
      editing environment, TM4L
(http://compsci.wssu.edu/iis/nsdl/
download.html). TM4L [ref9]
      development was driven
      by two competing considerations: to provide
a general purpose Topic Map editor and to create
an e-learning
      environment providing authoring and browsing
support for creating ontology-based learning
content and for
      structuring digital repositories. To be
consistent with the intended support and
functionality, TM4L has
      extended the basic Topic Map vocabulary with
predefined associations that are of specific
importance to
      organizing digital collections. The
vocabulary supported by TM4L can be viewed as a
light Topic Map dialect.
      The translation tool being a plug-in to TM4L
interprets the TM4L (extended) vocabulary as a
basic Topic Maps
      vocabulary.  That explains why the
associations of type Whole-Part and
      Related are
dealt with focused translation. The first version
of the plug-in was
      released for public use and testing in
October 2007. The next version is planed for
August 2008. 


     The following are examples intended to
demonstrate the work of the translation plug-in.
The examples
      are presented based on RDF/XML format (for
RDF) and XTM (for Topic Maps). The reason to use
the verbose
      XTM format is because (i) the Topic Map
input/output from TM4L is in XTM format; (ii)
there is no official
      standard for a compact Topic Maps syntax. 


     The first one demonstrates translations
of RDF to Topic Maps. The RDF statement asserting
that the
      resource with rdf:label property value
      Spinach
Lasagna is an instance of the resource
with
      rdf:label
property value Lasagna is
      translated into an equivalent Topic Maps set
of assertions: namely, the topic with basename
      Spinach Lasagna is an instance
      of the topic with basename Lasagna.



        <rdf:Description rdf:ID="Spinach-Lasagna-Id">
          <rdf:type rdf:resource="#Lasagna-Id"/>
          <rdfs:label>Spinach Lasagna</rdfs:label>
        </rdf:Description>

        <rdf:Description rdf:ID="Lasagna-Id">
          <rdfs:label>Lasagna</rdfs:label>
        </rdf:Description>




	<topic id="Spinach-Lasagna-Id">
   	  <baseName>
     	    <baseNameString>Spinach Lasagna</baseNameString>
   	  </baseName>
   	  <instanceOf>
     	    <topicRef xlink:href="#Lasagna-Id"/>
   	  </instanceOf>
	</topic>
	<topic id="Lasagna-Id">
   	  <baseName>
     	    <baseNameString>Lasagna</baseNameString>
   	  </baseName>
	</topic>


     In the following examples we use
obvious short expressions, e.g. “resource
      Lasagna”
instead of “resource with rdf:label
      property value Lasagna” and “topic
Lasagna”
      instead of “topic with base name Lasagna” in order to
simplify the readability
      of the description.


     The next example illustrates
translation of the Topic Maps Superclass-Subclass
      association into rdf:subClassOf property.
The Topic Maps expressions asserting that
      the topic Lasagna plays a role of
subclass and
      Pasta
Dishes plays a role of superclass in the
      association of type Superclass-Subclass is
translated into a set of
      RDF  statements asserting that the resources
Lasagna and
      Pasta
Dishes are instances of rdfs:Class and
      Lasagna is
subClassOf Pasta
Dishes.
     


        <topic id="x1oajte2sn-1e5c">
           <baseName>
              <baseNameString>Pasta Dishes</baseNameString>
           </baseName>
        </topic>
        <topic id="x1oajte2sn-1e5e">
           <baseName>
              <baseNameString>Lasagna</baseNameString>
           </baseName>
        </topic>
        <topic id="x1oajte2sn-1e3c">
           <baseName>
              <baseNameString>Superclass-Subclass</baseNameString>
           </baseName>
           <baseName>
               <scope>
                  <topicRef xlink:href="#x1oajte2sn-1e3e" />
                </scope>
                <baseNameString>is superclass of</baseNameString>
           </baseName>
           <baseName>
               <scope>
                  <topicRef xlink:href="#x1oajte2sn-1e41" />
               </scope>
           <baseNameString>is subclass of</baseNameString>
           </baseName>
        </topic>
        <topic id="x1oajte2sn-1e3e">
            <baseName>
               <baseNameString>Superclass</baseNameString>
            </baseName>
        </topic>
        <topic id="x1oajte2sn-1e41">
            <baseName>
               <baseNameString>Subclass</baseNameString>
            </baseName>
        </topic>
        <association>
           <instanceOf>
              <topicRef xlink:href="#x1oajte2sn-1e3c" />
           </instanceOf>
           <member>
               <roleSpec>
                   <topicRef xlink:href="#x1oajte2sn-1e3e" />
               </roleSpec>
               <topicRef xlink:href="#x1oajte2sn-1e5c" />
           </member>
           <member>
               <roleSpec>
                   <topicRef xlink:href="#x1oajte2sn-1e41" />
                </roleSpec>
                <topicRef xlink:href="#x1oajte2sn-1e5e" />
           </member>
        </association>


  

        <rdf:Description rdf:ID="Pasta Dishes-Id">
        <rdfs:label> Pasta Dishes </rdfs:label>
           <rdf:type
             rdf:resource="http://www.w3.org/2000/01/rdf-schema#Class"/>
        </rdf:Description>

        <rdf:Description rdf:ID=" Lasagna-Id">
          <rdfs:label> Lasagna </rdfs:label>
          <rdf:type
            rdf:resource="http://www.w3.org/2000/01/rdf-schema#Class"/>
          <rdfs:subClassOf
            rdf:resource="http://compsci.wssu.edu/iis/tm4l/#PastaDishes"/>
        </rdf:Description>


     The next example illustrates a generic
translation using the user-defined binary
association
      Recommended. The Topic
Maps statements asserting that
      Turkey Dish
playing a role of Dish and
      Thanksgiving playing a
role of Event in
      the Recommended association
are translated into a set of RDF statements
      asserting that Recommended is a property
with
      rdfs:domain
Dish and rdfs:range Event. Turkey
      Dish is an instance of Dish and is Recommended
      for Thanksgiving, which is an
instance of Event.
      To simplify the illustration, the topic
definition Dish, Turkey
Dish, Event
      and Thanksgiving have been
omitted from the xtm verbose encoding in the
      following example.


        <topic id="x1oajte2sn-280d">
            <baseName>
               <baseNameString>Recommended</baseNameString>
            </baseName>
           <baseName>
        <scope>
                <topicRef xlink:href="#x1oajte2sn-280f" />
             </scope>
                    <baseNameString>Dish</baseNameString>
             </baseName>
             <baseName>
                <scope>
                        <topicRef xlink:href="#x1oajte2sn-2812" />
             </scope>
                 <baseNameString>Event</baseNameString>
             </baseName>
         </topic>
         <association>
             <instanceOf>
                <topicRef xlink:href="#x1oajte2sn-280d" />
             </instanceOf>
             <member>
                <roleSpec>
                    <topicRef xlink:href="#x1oajte2sn-280f" />
                 </roleSpec>
                 <topicRef xlink:href="#x1oajte2sn-2809" />
              </member>
              <member>
                 <roleSpec>
                     <topicRef xlink:href="#x1oajte2sn-2812" />
                 </roleSpec>
                 <topicRef xlink:href="#x1oajte2sn-280b" />
               </member>
            </association>




        <rdf:Property rdf:ID="Recommended">
          <rdfs:domain rdf:resource="#"Dish"/>
          <rdfs:range rdf:resource="#Event"/>
        </rdf:Property>

        <rdf:Description
          rdf:about="http://compsci.wssu.edu/iis/tm4l/#TurkeyDish">
           <rdfs:label> Turkey Dish </rdfs:label>
           <rdf:type
             rdf:resource="http://www.w3.org/2000/01/rdf-schema#Dish"/>
           <ex:Recommended
             rdf:about="http://compsci.wssu.edu/iis/tm4l/#Thanksgiving">
        </rdf:Description>

        <rdf:Description
          rdf:about="http://compsci.wssu.edu/iis/tm4l/#Thanksgiving">
           <rdfs:label> Thanksgiving </rdfs:label>
           <rdf:type
             rdf:resource="http://www.w3.org/2000/01/rdf-schema#Event"/>
        </rdf:Description>


     The final example illustrates
translation of Dublin Core meta-data represented
in RDF/XML format
      into Topic Maps. The RDF statements
asserting that Dave
Beckett is a
      creator of
Dublin Core Metadata
Initiative - Home Page
      with creation
date of 2001-01-16
      is translated into Topic Maps statements asserting that the topic
      Dublin Core Metadata
Initiative - Home Page topic with
occurrence
      2001-01-16
of type Date
plays a role of
      Resource,
while the topic  Dave
Beckett
      plays a role of  Value in the  Creator
      association.


        <rdf:Description rdf:about="http://dublincore.org/">
           <dc:title>Dublin Core Metadata Initiative - Home Page</dc:title>
           <dc:creator>Dave Beckett</dc:creator>
           <dc:date>2001-01-16</dc:date>
        </rdf:Description>


  

        <topic id="x1osden5er-38">
            <subjectIdentity>
                 <subjectIndicatorRef xlink:href="http://dublincore.org/" />
            </subjectIdentity>
            <baseName>
                  <baseNameString>Dublin Core Metadata Initiative - Home
                    Page</baseNameString>
            </baseName>
            <occurrence>
                 <instanceOf>
                     <topicRef xlink:href="#x1osden5er-3b" />
                 </instanceOf>
                 <resourceData>2001-01-16</resourceData>
             </occurrence>
        </topic>
        <topic id="x1osden5er-46">
           <baseName>
               <baseNameString>Dave Beckett</baseNameString>
           </baseName>
        </topic>
        <topic id="x1osden5er-3e">
          <baseName>
              <baseNameString> Creator </baseNameString>
          </baseName>
          <baseName>
              <scope>
                   <topicRef xlink:href="#x1osden5er-40" />
              </scope>
              <baseNameString>Resource</baseNameString>
           </baseName>
           <baseName>
             <scope>
                 <topicRef xlink:href="#x1osden5er-43" />
             </scope>
             <baseNameString>Value</baseNameString>
          </baseName>
        </topic>
        <association>
           <instanceOf>
               <topicRef xlink:href="#x1osden5er-3e" />
           </instanceOf>
            <member>
                <roleSpec>
                     <topicRef xlink:href="#x1osden5er-40" />
                 </roleSpec>
                 <topicRef xlink:href="#x1osden5er-38" />
            </member>
            <member>
                 <roleSpec>
                     <topicRef xlink:href="#x1osden5er-43" />
                 </roleSpec>
                 <topicRef xlink:href="#x1osden5er-46" />
            </member>
        </association>
        <topic id="x1osden5er-3b">
          <baseName>
              <baseNameString>Date</baseNameString>
          </baseName>
        </topic>






 Related Work  


     The Web and Semantic Web visions are to
share and reuse as much information as possible.
       A significant amount of work is being done
to match different vocabularies.  In this area
there have
       been considerable studies of approaches for
ontology mapping where the concept of sharing and
reusability
       has been interlinked to merging, alignment,
articulation and fusion of ontologies [ref13],
       [ref14, [ref31].
       In parallel, a number of different
languages for ontology modeling have been
proposed [ref5],
       [ref12], [ref34], [ref37],
[ref38],
       [ref39].
       The problem of interoperation of
heterogeneous data, based on different data
models and modeling languages
       like RDF, Topic Maps, UML, etc. implies
model-based methods aiming at model-level
interoperability.
       As a result, a number of informal
model-to-model mappings have been defined,
including several proposals
       for mapping between Topic Maps and RDF
[ref2], [ref5], [ref6],
       [ref7], [ref8], [ref9].
Despite the emerging
       interest in the problem
       and the availability of some mapping tools,
the reports on integration and reuse of data
across the two
       models are scarce.


     Moore [ref18] was
perhaps the first to propose a general strategy
towards
       integration between Topic Maps
      and RDF. Lacher and Decker [ref15] presented a model for mapping
between the two
      standards by exploiting the
      “Topicmaps.net’s Processing Model for
XTM 1.0” [ref19].
Technically, the conversion
      from Topic Maps to RDF is
      achieved by mapping the Topic Map graph
model to an RDF graph. Another work in the area
of TM2RDF mapping
      has been presented by Ogievetski. His
starting point is also [ref19]
but he uses
      XSLT-based technology to
      translate any topic map document expressed
in XTM into RDF abbreviated syntax. The relation
between Topic Maps
      and RDF are discussed in detail by Garshol
[ref10], [ref11]. The
      proposal in [ref5] is the most mature work in the field,
      which describes how to convert information
back and forth between the two technologies, how
to convert schema
      information, and how to do queries across
both information representations.  Some
strategies and algorithms
      to achieve these goals are also presented
along with a discussion of the problems of
conversion between
      Topic Maps and RDF. A practical result of
this work is the extension of the Ontopia’s
Topic Map browser
      Omnigator (http://www.ontopia.net) with
functionality allowing export/import between
Topic Maps and RDF data.


     An interesting work on integration
between the Topic Maps and RDF technologies has
been done as part
      of the META project, resulting in a set of
tools for converting, editing and navigating
metadata expressed
      in either language [ref3].
In this work the authors present their approach
to the
      bidirectional conversion of RDF
      and Topic Maps and show how the use of
schemas and standard predicates in RDF can lead
to a flexible integration
      of the two languages. This integration is in
the heart of the effort aimed at incorporating
separate modules into
      a single editing and navigation tool that
can be used for metadata collections expressed in
both languages.


     An analysis of the relationship between
Topic Maps and RDF and a complete review and
comparison of the
      RDF/Topic Maps interoperability proposals
can be found in [ref28].
Despite the efforts
      and the proposed Guidelines
      for RDF/Topic Maps Interoperability [ref29], however, there is no fully
worked out and
      widely agreed upon solution
      to achieving data interoperability between RDF and Topic Maps yet.


     Among the relevant works there are also
the efforts for translating between Topic Maps
and ontology
      models such as OWL and UML [ref4], [ref6].


     While our work might seem close to the
previous proposals on the surface, there are
principal differences
      stemming from the different perception of
the commonalities in both models. For example,
the key correspondences
      between RDF and Topic Maps according to
Garshol and Pepper [ref10],
[ref29]
      are “subject (TM) — resource (RDF)” and
      “topic (TM) — node (RDF)”, which is
reflected in their mapping strategy. In contrast,
our approach builds on
      ontological correspondence.  Commonalities
are better explicated in correspondences between
how the things are
      related than in correspondences between the
things alone. Thus, the “overlapping
approach” reflects our
      understanding of the role of a shared
ontological ground for meaning preserving
translation. This sets the
      starting point in our translation strategy
on overlapping concepts with reliance on existing
and established
      vocabularies (e.g. RDF/RDFS, Dublin Core,
and SKOS). The key factors of this strategy
include minimizing the
      need of (i) a centralized agreement on new
vocabulary terms emerging from the translation
and (ii) an agreement
      of how to guide the translation process. 


     In contrast to previous work,
considering the completeness of translation as a
key requirement, our
      starting point here was the question: Which
Topic Maps constructs can be represented
naturally in RDF (i.e.
      as RDF graphs) without RDF vocabulary
extension? We also asked the reverse question:
Which are the RDF
      constructs naturally expressible in Topic
Maps? Since, generally, full automatic
translation between RDF and
      Topic Maps is not possible, one possibility
is to focus on semantic-preserving translation of
the
      ontologies/schemas with common conceptual
space. Translation satisfying such requirements
can be achieved by
      identifying the overlapping conceptual
domains of both models. Another difference is
that our approach does
      not assume any annotation for guiding the
translation. As a result, pre-translating human
involvement is
      eliminated.


     Among the most challenging tasks in the
area of Topic Maps/RDF interoperability is the
problem of
      translating the Topic Maps concept of scope.
Except for Garshol [ref10] no
other
      works handle scope in satisfactory
      manner. The list of challenging problems
also includes mapping variant names and RDF types
such as containers
      and collections. None of the existing tools
which provide translation between RDF and Topic
Maps are able to
      handle containers and collections. The only
approach for dealing with variant names is that
of Ciancarini et
      al [ref3], [ref30].  They suggest translating
variant names
      as compound concepts, which is quite unintuitive. Our
      strategy with non-overlapping concepts is
similar to the way terms are traditionally
translated from one
      language to another with a more limited
vocabulary, namely, with a maximal reuse of the
source vocabulary that
      is able to convey the intended meaning of the original. 



  

     Conclusion


     Taking the information from one
representation scheme (such as Topic Maps) and
extracting some
      or all of it for use in another scheme (such
as RDF) is a difficult task [ref2].
      In fact, few working tools
      exist to perform such transformations. One
reason such conversions are difficult is that
representation
      schemes differ in the basic structural
constructs, granularity and schema constraints
they provide for
      organizing information. As a consequence, straightforward, one-to-one
mappings between schemes rarely exist.


     In this context, the presented work is
a contribution to the efforts aimed at improving
the
      interoperability between Topic Maps and RDF.
It has been carried on as a part of the TM4L
project. The driving
      insight was to allow TM4L users to use RDF
data and also enable RDF applications to use
Topic Maps data produced
      with TM4L. During the implementation stage,
the initial objective was broadened to create a
general tool for
      RDF - Topic Maps translation. In the
proposed approach, the balance between
translation and transformation is
      in agreement with the target model. The type
of translation applied to a particular construct
depends on the
      level of overlapping between the
corresponding concepts in the two models.  The
idea is to provide a translation,
      from which the reader in the target is able
to grasp the intended meaning of the original
author. This implies
      a translation with acceptable loss of
information when complete translation is
impractical.


     The proposed Topic Maps/RDF translation
approach is implemented as a plug-in for TM4L.
Although the
      illustrative examples mostly cover Topic
Maps to RDF mapping, the actual implementation
enables round tripping
      translation for a significant class of
RDF/Topic Maps concepts. The idea is to enable
Topic Maps users not
      only to merge existing Topic Maps data with
RDF data but also to exploit some inference
capability and then
      translate the results back into Topic Maps.
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      Abstract
A new topic map module for the Drupal open-source content management system now supports the publication of collaboratively written topic maps in near-real time, using a plug-in architecture that can be extended to support specific information sets.

    
    Copyright © 2008 by Sam Hunting

  
  
  Introduction

    
    Why did you adopt a Q&A format?

    Writer’s block. When I found myself making a process flow diagram figure, I felt there are a lot of people here who can do that better than I can. So why do it? Ditto for topic map theory, where I’m sure I’ve committed at least one major howler. What I do claim to have is an topic map application, complete with a colorable disclosure, that can deliver unique value to users on a widely used platform, whose development has been informed by all the work we’ve done together on topic maps over the years.

    
    Why did you write a topic map application?

    I believe that the news, like food, should be good, clean, fair--and local: This toxic waste dump, this voting machine debacle, this housing authority scandal, this corrupt official. Contemporary journalism is neither good, clean, fair, nor local (see Bob Somerby). However, local news gatherers must also be able to connect their narratives to other, similar narratives that contain subject matter of interest to them. (Toxic Waste, Inc., knows all about Localities A and B, but unless Localities A and B know about each other, any narrative they create about Toxic Waste, Inc. will necessarily remain partial, and any local action based on that narrative could well lack critical information.) Hence, there is a requirement for a distributed information system that would enables localities to discover subjects of mutual interest, perhaps serendipitously, intrinsic to content that they themselves have created.

    Hence topic maps.


    Why did you write your topic map application in Drupal?

    Subjects are a function of content:

    Equation (a)
S = f(c)


    and Drupal is the content management system par excellence. Drupal is open source (GPL 2.0); Drupal has a vibrant community; Drupal is hot, being blessed by Google ("Summer of Code"); Drupal has superior community building and categorization tools; and I am intimately familiar with the platform, having built, administered, and moderated a Technorati 5000 community site for several years. Drupal also adds functionality by adding modules, so I determined to write a topic map module for Drupal.


  
  
  Proxy disclosure

    
    Can you disclose your proxies?

    Yes.

    
    What are your proxies?

    Here is the "proxy spider" diagram for my proxy; it works, at least, like the BigAssert assertion model devised by Steve Newcomb. Keys that are not "map," "association caption," or "association type" are roles. Values with role keys are players.

    [image: Hunting01-001]
        
      
Figure 1.
  Player properties may be related to a notation processor. The presence of a processor may, or may not, affect the subject identity of the proxy that contains the property.

    [image: Hunting01-002]
        
      
Figure 2.
    When are two proxies the same?

    Two proxies are the same when they are in the same map, their type properties are the sam, and their role/player combinations are the same, and if a player has a notation that can impact subject identity, both notations are the same.

    Where are the individual topics?

    There are no individual topics, because no topic can exist in isolation. So, in my disclosure, they’re properties. And I have to admit, that when I looked at Barta's handy guide to the TMRM, I couldn’t make my diagram work any other way. And this may be the howler to which my introduction alludes!


    
    How can users navigate using your proxies?

    As if properties were holes in a punch card:

    [image: Hunting01-003]
        
      
Figure 3.

  

  
  Implementation

    
    What were the main challenges you encountered during development?

    Different layers of the LAMP stack needed different representations.
    User input required a representation that would work in a text box (since JavaScript editors are not ready, and would be WYSIWYG if they were, and XML editors are not available either). However,
user input is not appropriate for processing proxies than processing anglebrackets instead of the using the DOM would be. Finally, a relational representation is needed for storage.


    What markup did you devise for user input?

    A  wiki-like markup language:

    [image: Hunting01-004]
        
      
Figure 4.
The wporkflow envisaged is user integrating associations into actual text.
The markup is reasonably easy for the user to enter, and reasonably easy for the application to parse.

As can be seen from the sample, [[ and ]] delimit the proxy. : delimits the properties of the proxy. Only the value of the player property is visible.
(However, hiding a player is such a ubiquitous use case there's a  special syntax for it: A hat before property delimiter hides the player (^:Bart hides "Bart"). = adds a notation to a player property, a la  [[ ... text:Federalist 51=federalist ...]]] (Later, we will see how the plugin for the federalist notation would process the player.)

Implementation uses Drupal’s nodeapi hook; when content is being processed, any function of the form [drupal_module]_nodeapi is invoked, with the content as input and output for the function. So, topicmap_nodeapi takes content marked up as proxies and transforms it to the data structure used for processing the proxy, to which we now turn.

What data structure did you use for processing?

A tuple-like representation. Here is a sample:

    [image: Hunting01-005]
        
      
Figure 5.
Proxies need to be transformed from user input in are processed in several ways: for TOCs, for legends, for validation, for plugins, etc.
Because the wiki syntax isn’t suitable for PHP processing, we adopt the PHP mindset and represent proxies as arrays, so we get to use PHP’s rich variety of array functions. 

After a false start using a keyed array (a proxy can have duplicate keys), I adopted the tuple representation shown. (Jack Park and I did a tuple representation of topic maps long ago, on the theory, which I still believe to be correct, that a Linda-like tuple space implementation would be  great way to federate topic maps, and this idea was inspired by that work.

This representation is efficient since the map value is always at position three, roles are every fourth array element starting at 12, roles are every fourth array element starting at 16, and so on.
It will also map cleanly to XTM and JSON output formats.

Implementation (still in topicmap_nodeapi) takes post content with wiki-like markup embedded, parses it, rips out the properties for each proxy, validates each tuple either generically or by type, and associates the tuple with an offset ("8090","8096") back into the content. The tuple is then transformed into HTML by adding generic span, div, and class markup, and notation processing (for example, the federalist notation processor might transform its player data into an HTML A tag linking to an online version of the Federalist Papers).

What relational structure did you use for storage?

A table that permits result sets like this, which you will shortly see is convenient for generation navigation tables, or TOCs:

    [image: Hunting01-006]
        
      
Figure 6.
(I apologize for not having a diagram; I couldn’t find a diagrammer that works with Postgres on OS X.) Here is the basic idea.

In the text box, users enter text values ("Bart","Alberto Gonzales"); it wouldn’t be sensible to have users do anything else. However, all processing on the database side takes place through manipulating integers called (adopting Drupal jargon), "nids," or node IDs. Therefore:

	There is a table of values


	There is a mapping table of value to nid


	There is a table of nids (All logging data (creator, date created) goes on the nid table)


	There is a "big table" with columns for each property. The columns are: A[ssociation],[t]type,[r]ole,[p]layer,[c]casting,[n]otation, and ac (association caption). Alas, ac ("association caption") and notation are optional, and so these columns can contain ugly NULLs.


	The data in each column is a foreign key into the table of nids.


	There are ancillary mapping tables of association to source (the Drupal post), nid to its autogenerated Drupal page, and so on.




The implementation is almost certainly naïve; I never did figure out a way to cram an association into a single row, because the role and player combinations vary in number. In practice, that means that to grab a single association, you need to grab all the rows that have the same values for a, t, r, and p (and are in the same map, and have notations that either do not affect  subject identity, or are the same) and no others. Relational purists also take the view that auto-generating nids as relational keys is pernicious; however, that’s how Drupal does things. However, the implementation is operating fast enough to deliver value to users at the required scale.

  
  
  Plugin Architecture

    What are the advantages of notation plugins?

     Notation plugins allow the administration add data-driven functionality to a Drupal site that uses the topic map module. For example, entering the following proxy:

    [[test:test_type_7[role_7_2_1:player_7_2_1] and [role_7_2_2:364 U.S. 507=caselaw]]

    Uses the caselaw plugin, and generates a sidebar with metadata about the case:

    [image: Hunting01-007]
        
      
Figure 7.
    What notation plugins did you include?

    There are notation plugins for aircraft tail numbers, email addresses, citations to the Bible, the U.S. Constitution, and the Federalist Papers, and geocoded maps. 

    The geocding/mapping plugin takes a physical address as input, geocodes it, and returns a map, which illustrates the distinction between this topic map implementation, and most other approaches to the semantic web: The plugins operate at the data level, not the resource level, and integrate into content at a point of the author’s own choosing. This is quite distinct from the model where resources are vertically organized by site, and then "mashed up" into a new resource that is still not integrated into content.

    What are the advantages of association type plugins?

    In a word, validation.

Validation parameters can be set by the user:
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Figure 8.
And enforced by the application:

    [image: Hunting01-009]
        
      
Figure 9.
The interface is crude, being CSS-driven and therefore not dynamic, but usable.


    What type plugins did you include?

    Plugins for the types required by ISO 13250 (class/instance and supertype subtype), as well as types for asserting that two properties are the same, and an "org" type, for analyzing who reports to whom inside an organization (like, in the sample topic map, the Bush administration).


    What are the advantages of search plugins?

    What search plugins did you include?

    The topic map paradigm is extremely rich, and provides an almost unlimited number of ways to "connect the dots." However, since we can’t know method appropriate to navigating a corpus before actually knowing the corpus, it makes sense to enable developers to create plugins, rather than decide in advance that I know better than they do.

        For example, the "degrees" plugin:

    [image: Hunting01-010]
        
      
Figure 10.
    This example shows that indeed the head bone is connected to the neck bone, the neck bone is connected to the back bone, the back bone is connected to the hip bone, the hip bone is connected to the thigh bone, and the thigh bone is connected to the knee bone. Which may seem trivial, unless you want to know how many degrees separate Alberto Gonzales from Monica Lewinsky, say. (Note that the implementation does not depend on the type of association in which the player participates, but solely on building a linked list associations with player overlap. And sometimes, indeed, "you can't get there from here.")

  
  
  Interlude: The TOC

    Why is your presentation of the topic map so resolutely un-Flashy?

    Here is what the questioner means by "resolutely un-Flashy." 
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Figure 11.
    How the TOC works, from top left: Each numbered "stripe" is a single proxy, and each column is a property of the proxy. The downward pointing blue triangles link down into the occurrence of the proxy in the content. Further, each type plugin annotates its proxies by adding a footnote to a proxy’s property, where appropriate. The footnote shows metadata for the proxy via a "hover," and links to the TOC legend, also generated by the plugin. For example, all instances of "cat" are footnoted with "2," in blue, color-coding the note as applying to a supertype/subtype type of proxy. Clicking on footnote "2" takes the user to note "2" in the legend, where the user may click on the "cat" to go to a (dynamically created) page that shows all the proxies that use the "cat" property, or the user may click on the outline icon in parenthesis, and go to the "cat" node on the type page, which shows the type hierarchy. (Different type plugins, as you see, have different colors, icons, and also organize their pages differently.) Naturally, if a new plugin in were added, it to would add its own notes, legend, and have is own page, assuming it used the plugin API.

    This is not sexy; most designers prefer a graph style presentation, with nodes and arcs, but I think that’s "Visualization That Doesn’t Help You Vizualize." Such an approach has a number of disadvantages: The graphs are generally a Flash presentation or equivalent and so are not searchable via search engines, are static, and can’t evolve with the community, and are not integrated into any content. In addition, they take up an awful lot of space on the page, and consume a lot of bandwidth. (There’s no reason to assume that net neutrality will continue, and so low bandwidth applications may assume increasing importance.) The un-Flashy TOC presented here has none of those disadvantages, and all of the functionality listed, none of which the Flash approach offers.

  
  
  Example

    Do you have an example of a topic map that uses your application?

    Yes: The Criminal Bush Regime. Based on stories from the Washington Post and Slate, it contrasts the prose and parallel Flash-y approach to a topic map. Although it is not "local" (except inside the Beltway), I like to think it's good, clean, and fair, and a community could add value to it.

  
  
  Conclusion

    What would you say to anyone thinking about using topic maps?

    Great paradigm, great people, great software.

    Can I download your module?

    Great paradigm, great people, great software.

    Is the latest version of the topi map module for Drupal available for download?

    Yes, at The Universal Pantograph

    Anything else?

    Humongous thanks to the conference organizers for their patience, and for Balisage, too.
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Abstract
When a product cannot be tested as a finished unit, its warranty,
as it were, depends on extensive testing of its component parts and
assemblies. The record for products of the Y-12 National Security
Complex has for many years been in the form of lengthy paper documents.
Recently we have begun a process to capture some of this information
in XML documents. However, this is not simply another XML publishing
project. Because our products have a potentially very long shelf life
and we cannot foresee the computing environment in their distant future
existence, we must take extraordinary measures to document not only
the products themselves but also the environment in which the documentation
has been prepared. Adding complexity to this documentation challenge
is a parallel effort to capture the output data of test equipment
and wrap it in XML. While this project is very much a work in progress,
we can see that one major component of its possible success will be
the coordination of complex metadata.
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Building the Untestable—and Documenting It

For more than sixty years, the Y-12 National Security Complex
(Y-12) has made components for the nuclear arsenal of the United States.
Unlike other industrial products, such as automobiles and computers,
Y-12's finished work cannot be tested in use. Instead, we must assure
our customers that the products we send them are made precisely according
to specifications, using approved procedures. Not only can the products
not be tested in use, they typically remain in the stockpile inventory
for some decades, so assurance of what went into an individual unit
and how all the components were assembled is important for continued
customer assurance (no mere 5 years/50,000 mile warranty here). And
when an individual unit comes back to us, either to be refurbished
for life extension or to be dismantled at the end of its life, we
need to know exactly what was in it and how the components were assembled.

Because we think in long product lifetimes for these products
that are not easily opened for inspection (you can't just lift the
hood and check the oil), each individual product is accompanied by
extensive documentation. A typical component will undergo numerous
certifications, including tests of the chemical and physical properties
of its materials and inspections of the part itself for dimensions,
surface finish, and contaminants. Each step in the assembly process
is accompanied by more tests and X-rays for alignment of components,
finished dimensions, and other properties. All the test results, checklists,
instrument printouts, and other materials gradually accumulate into
a bulky record that is kept until the individual device is dismantled,
when it will be compared with a report of what is found in the dismantlement
process.

Dealing with potentially long product life expectancy and  therefore
also archival retention of product documentation has made the Nuclear
Weapons Complex (NWC) extremely conservative about introduction of
new technology to documentation. The devices that Y-12 has recently
refurbished were first built before the development of the personal
computer, and their documentation is entirely in paper. It is only
in the past decade that the NWC has begun to require that the measurement
data from certification tests be captured in electronic form. In this
same period, the NWC has also begun to look at formal standards for
capturing metadata about the documents, if not the actual documents
themselves, in electronic format [mason97]. The actual process of certifying parts has for more than sixty
years continued to be driven by paper procedures and checklists used
on the shop floor. 

As part of a project to move to an electronic process for product
construction records, we have undertaken to develop an XML-based workflow
for the Dimensional Certification Report (DCR) and the Nondestructive
Test Report (NDT). Dimensional certification typically employs templates
and instruments such as coordinate measuring machines (CMMs). The
CMMs can perform exceedingly precise tracings of surface contours
and generate electronic data. At some future phase of this project
we hope to merge CMM data directly into the DCR, but for the present
it will be entered into the report by the inspector at a terminal
beside the machine. (Our CMMs are massive instruments: to achieve
the necessary precision, their work tables and supporting beams are
massive blocks of granite because steel I-beams are too flexible,
Fig. 1.) Typical NDT tests include visual inspection and treatment
with fluorescent dyes that can help make visible minute cracks in
welds or metal parts. Figure 1
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Figure 1.Fig. 1. Coordinate Measuring Machine


The DCR is not simply the report of results of a certification
process; it is also a procedure for carrying out the process, with
the results captured in forms in the body of the procedure. Thus,
a potential reader some years in the future can see not only that
a product has been certified but the steps that were taken in the
process to certify it. As an XML document, the DCR is not particularly
exceptional; it has the typical components of technical documents:
sections, titles, paragraphs, lists, tables, figures. Its most unusual
feature is the tabular presentation of the steps in the procedure,
intermixed with spaces to capture user input as the steps are carried
out. The NDT is simpler than the DCR, but it, too, captures data on
a form. The procedure for the NDT is a separate document, and the
form is for data capture only. (Each DCR procedure is unique to an
individual component, but NDT procedures are generic to many components.)

What is more interesting than the forms as examples of XML documents
is the workflow associated with the creation and use of the these
procedures/reports and its implications for configuration management.
In their paper format, DCRs in particular have always been under many
layers of configuration control. A typical DCR contains one or more
“Picture Pages” that contain drawings of the component being certified,
followed by the testing procedure. Both the Picture Page and the procedure
require sign-offs by a Product Engineer and an Inspection Engineer,
who are responsible for the manufacture and testing of the component,
and a configuration control officer, who releases the procedure to
the certification laboratory under a Product Engineering Transmittal
(PET). The process of developing, approving, and releasing an individual
DCR procedure is well established and governed by its own controlled
procedures. 

In developing an electronic workflow, we are constrained by
the PET process. However, behind it we must develop additional layers
of configuration control on the components of the XML processing.
Even though SGML, XML, and related software have been evolving in
the industrial documentation sector for more than a quarter of a century,
they are still young in the eyes of those in the NWC. Our configuration
control must not only account for the requirements of software development,
they must also meet the requirements of our customers, most of whom
are not computing specialists, much less XML experts. One consequence
of the PET process is that we must closely mirror the process for
paper documents, and the electronic document must capture the metadata
associated with the paper one that has been accepted by the user community. 

Behind that, however, we must also maintain a high level of
configuration control for the XML and processing components. Because
the potential lifetime of certification data for a product is longer
than the past history of structured markup, we must attempt to anticipate
what will be needed to recall certification data when an individual
product returns for refurbishment or dismantlement some day in the
future, when everyone who is working either on the current XML project
or who participated in the certification on the shop floor has retired.
Thus the files that record results of certifications must record audit
trails not only of the certification process but also of the XML and
its processing behind the creation of the files. Only when we are
able to integrate all of these processes and data flows into an integrated
archive will we be able to say that we have implemented an Electronic
Build History (EBH).

The life cycle that we are incorporating into this project is
only one of the possibilities we examined. We also looked at a system
for scanning user input on paper forms and a manufacturing execution
system that would place the entire process under electronic control.
Scanning, we decided, was actually too difficult: intelligent character
recognition systems, it seems, place too many constraints on their
input forms. They fit best in environments where there are large volumes
of a very few forms, which is the opposite of our situation. A manufacturing
execution system (MES), we know from our own tests, could be programmed
for our workflow. Because our current MES is very old and does not
have good data collection capabilities, Y-12 is looking at replacing
it. Although the replacement MES will take time to implement, it may
have appropriate data collection capabilities. Thus a workflow built
around an XML publishing system with extensive scripting and an attached
Web server represents a middle path for capability and costs.



The DCR Life Cycle

The certification process captured by the DCR is a late step
in an overall manufacturing workflow that begins with a product specification
issued by a Design Agency (DA, typically Los Alamos National Laboratory
or Lawrence Livermore National Laboratory). At Y-12, that specification
becomes the responsibility of a Product Engineer (PE), who oversees
its interpretation into manufacturing processes on the shop floor
and then certification procedures for validating the results of manufacturing.
The manufacturing process for an individual component may be complex,
involving many steps, each with its own associated tests. A casting,
for example, may be turned to a rough shape, then gradually machined
to a final shape before being submitted for final certification. At
every step there are additional tests. Certification itself is often
iterative: a part that is slightly off-tolerance will be returned
to manufacturing for further refinement, perhaps several times, until
it is able to meet all requirements of the certification. As each
test is completed, the results and the reports are audited before
the manufacturing step is certified. The various test reports, such
as the DCR and NDT, will accumulate with each part and assembly, being
accumulated into a build history that forms part of the certification
documentation of a product.

The certification process is overseen by an Inspection Engineer
(IE), who works with the PE to ensure that the tests are adequate
to capture the specification of the component. Development of an inspection
procedure is also iterative; when it is complete, the document must
be signed by both the PE and the IE, as well as an engineer responsible
for configuration control. The typical DCR, having both a part drawing
and a testing procedure, has separate signature records for both.



Constructing a DCR in XML

Our current practice is for a DCR to be generated in Microsoft
Word and for the results to be printed. The testing procedure consists
of steps, each of which describes a test process and lists the tools
and instruments needed to carry it out. Each step, which appears as
a row in tabular form, also provides a space to record the results,
which may include pass/fail indicators, direct observations or measurements
from test equipment, and comments or even sketches from the inspector.
Fig. 2 shows sample pages from a typical DCR: a “Picture Page,” a
page of instructions, and a page from the combined certification procedure
and data-recording form.
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Figure 2.Fig. 2a. Picture Page from a DCR

Fig. 2b. Instruction Page from a DCR

Fig. 2c. Procedure Page from a DCR


The workflow we envision for a DCR is based on our understanding
of the workflow already used in Word. In Fig. 3, the development of
a new procedure and its reporting form begins with the IE, guided
by the PE, producing an XML document rather than a Word file. The
resulting document goes through the conventional review process, ending
with approval and the addition of appropriate signatures and other
metadata to the XML file. Each dimensional inspection process for
a given part requires such an XML template file that will guide the
inspection, record the data collected in the inspection, and become
the basis for the certification report that accompanies each part.

[image: Fig. 3. DCR Workflow]

Figure 3.Fig. 3. DCR Workflow


Once the base document is approved, the workflow diverges from
past practice, because the information flow forks: The XML document
is converted to an HTML (actually JSP) procedure and form for online
delivery to the inspector, while a copy of the file is reserved for
population with data later in the process. The inspector on the shop
floor uses a Web browser to enter data into a new instance of the
online form. At the end of the inspection, the data is collected in
another XML file that is then merged with the empty copy of the procedure
to produce the actual certification report. At that point the completed
procedure is audited. If the part is not approved, it is returned
to manufacturing for further work, followed by more inspections, until
the part is either finally approved for this stage or it is “killed”
and its materials perhaps recycled. If the part is approved, based
on the data collected, the completed XML report is archived. Our current
view is that there will actually be at least three objects archived:
the first is the XML data file collected from the online process,
the second a merged XML file containing the DCR in the form of the
template populated with the collected data, and the third a PDF file
of the completed DCR report created by merging the data file with
the form. Moreover, until the EBH has been certified as a valid process,
the DCR report must be produced in paper. For this reason, as well
as for the comfort of our customers, we have taken special care to
produce the DCR in a format that closely approximates that of the
current Word documents. Using a form that looks like their current
form also makes it easier to meet Y-12's conduct-of-operations requirements.

This workflow contains most of the expected components associated
with XML-based publishing. Behind the XML documents there are, of
course, DTDs. (We use DTDs and not some other form of schema largely
for consistency with other local applications.) Conversion to HTML
forms and merging data collected online back into the XML record is
handled by XSLT. Because we use the Arbortext publishing system, both
screen presentation and formatting for PDF are handled by Arbortext's
proprietary stylesheets, which are, at least, also XML documents.

When we started on the project, our early goal was to find out
whether we could recreate the DCR document in an XML publishing system.
Having done the document analysis, written a DTD, and created a stylesheet,
we concluded that the basic document was within our capabilities.
Then the process expanded into the scripts that create the HTML form
pages, collect the data from the forms, and populate a completed XML
document. That being done, and a parallel process for the NDT form
likewise undertaken, we could have considered our project complete.
However, these reporting forms do not exist in a vacuum. The data
recorded on a DCR, in particular, does not all come from human observation;
it may come from test equipment, though it currently must be entered
manually. In many cases the component being tested may also be undergoing
a surface contour trace on a CMM, and the CMM is producing a data
file. For some years, DOE has been requiring that such data become
part of an “Electronic Data Capture” (EDC) record. Heretofore, the
EDC file has probably been in a proprietary format or in a record
format that does not involve XML. CMM measurements and reports are
not entered in or handled as DCRs, and current CMM reports have their
own defined paper and electronic formats. CMM paper reports are placed
in the build history and electronic versions are saved in the plant
EDC system. Now, however, we are beginning to look at the potential
for merging data entered by the inspector with EDC data from test
gear and creating a complete XML record of the certification process.
DCRs are used for many kinds of measurements not performed using CMMs
and for which EDC is not currently performed. Future development of
an EBH may cause rethinking of the kinds of reports generated, the
formats of the data, and the relationship between the reports and
the results of EDC.

Building the XML environment for EDC is in only the very earliest
investigatory stages. We know that some data, such as series of coordinates
from CMMs, could be recorded as simple XML records. Other data, such
as signal output from a vibration analyzer, will probably need to
remain in binary format. Our challenge, then, will be to create a
layered data/metadata environment that will accommodate a variety
of test equipment as well as a variety of users and uses for the data
over the long life span of the product. We are investigating this
environment with other users of such test equipment, most of them
outside the NWC. At the innermost layers of the metadata onion, next
to the core of data from the test gear, will need to be metadata about
the equipment in use, such as the identification of the device and
its calibration record. Around that will be layers that describe the
specific test environment, such as the time, date, and environmental
conditions in the test shop. Another layer will include the identification
of the component under test and link the specific test to the record
being created in the DCR.



Tracking the Workflow

Much of the problem of assembling an EBH is a result of the
need to track both the actual certification data and the metadata
about the data-collection process and to keep all of this information
in synchronization. Furthermore, the process must continue to support
the workflow that has been built up—and certified—around the paper-based
process. The layers of configuration management that have accumulated
around the PET process are concerned with tracking paper documents.
Now we need to embed configuration management into the documents themselves
and make them as self-documenting as possible. This seems to suggest
that at each stage of processing the document should accumulate additional
metadata, so that when the report, which represents the procedure
completely populated with certification data, is finished, it is also
fully populated with an audit trail of the processes that allowed
it to be completed. Thus the metadata will accumulate in layers, one
of which captures the traditional PET and audit processes and the
others which track the XML environment.


Files, Locations, and Management

In a conventional XML document-management environment, the goal
is frequently to get to a final document. In that case, it is the
document instance that will be archived. It may be of interest to
archive the DTD or other schema if that will help in further interpretation
of the document, but for many applications a well-formed document
may, as some have argued, be sufficient. If a document, such as a
maintenance manual, is revised iteratively, then continued maintenance
of its DTD and other supporting structures like stylesheets becomes
more significant than in cases where the document is a final product.
In our case, however, the entire processing stack becomes a structure
subject to audit and thus to archiving. When we face the possibility
that a generation from now it will be necessary to verify that an
electronic document is what was intended originally, we need not only
the document and its graphics but many of the process files that supported
them.

The document-management system for our process is not yet established
because it will have to be coordinated with other systems outside
our current scope. Currently a DCR template is created on a local
PC. For the interim, document processing and storage are on a Web
server (see below, Table 1). Even after primary storage systems are
established, copies of the files will continue to appear on that system.
Processing of a new DCR form begins with loading the DTD, template,
composition stylesheet, and XSLT stylesheets to the server. The server
then establishes links for starting certifications using that template.
The inspector can call forth an online form, enter metadata about
the part being tested, and walk through the procedure, entering data
as required. When the procedure is completed, the results can be saved.
The individual certification run can be reopened for further editing,
or the results can be composed as a report and sent for auditing and
approval.

At the current stage in the development of the process, we are
not completely certain of all the items that will be tracked, but
our current analysis suggests that we have a complex of items in the
stack. Since our analysis is more advanced for the DCR than for the
NDT, this list reflects the components required for it.


	End-user objects

	Blank Procedures/Forms
Each DCR procedure/form,
which represents an individual certification step for a particular
component, is represented by this single configuration control item:
 


	Form XML file, the template for constructing reports
on individual components






	Form Graphics and Supplemental Material
The graphics and supplemental material can be specific to a single
form or shared among forms.

The “Picture Page” of a DCR procedure contains at least one
reference drawing for the certification process. Such graphics are
under configuration control with the related forms:


	Part graphics and supplemental material



	Common part graphics and supplemental material 



	Common process graphics and supplemental material 



	Form graphics used to improve form appearance and
operation






	In-Process Form Data
In-process form data
represent forms that have data entered but have not yet been assigned
a disposition.  These data must be managed using an iterative model
with all iterations saved:


	XML data file, collected from Web form


	PDF file showing data entered in original form, displayed
for review, auditing, and certification






	Record Data
Forms that are complete become
record data and must be stored in a system that complies with records
management requirements:


	XML data file


	Completed XML DCR with data merged into template



	PDF file rendering the XML DCR with entered data in
original blank form









	XML control structures

	DCR Procedure and Report Form Template
Each type of form is represented by a DTD that controls its structure
and data content:


	DCR XML DTD, which represents all the components of
a generic procedure, along with the framework for data collection
to create a report and the frameworks for metadata


	Data-collection DTD, which defines the structure of
the data collected online during the execution of the certification
process









	Supporting software

	Form Web Page
The Web artifacts are displayed
to the end users during the execution of the procedure and the collecting
of certification data. Because they are secondary documents generated
by software, they may be stored and managed separately from their
original sources. End users may interact with pages on the Web server,
but they have no interaction with the files as files, any more than
they interact with the XSLT or Java source code.


	Java Server Pages: Web page form displayed on the
inspector's browser in the certification shop or laboratory 



	Web page graphics and supplemental material, generally
drawn from the graphics associated with the XML form template







	Form Transforms and Style Sheets
These
form transforms can be specific to a single form or shared by several
forms; in general, they are specific to a single DTD, such as the
DCR:


	XSLT from form XML to JSP


	XSLT for merging data XML and form XML into a completed
report


	Arbortext style sheet for rendering XML into PDF







	Form Web Page Software
The Web server
software can be specific to a single form but more likely will be
shared among forms generated from a single DTD:


	Java Server Faces backing bean that transfers data
between the Web page and the data model






	Data File
Data file configuration control
items consist of:


	Data File Model, a software representation of the
data file that maps form entries to data file entries  












Another way of looking at the complex of files and programs
is to consider what roles the components play and where they appear
both during processing and in storage (Table 1).
Table 1. DCR form system file types and locations
Table 1DCR form system file types
and locations

Component file role	File Type	Component file role
		Form Creation Template	Form Package	Data Package
	Form DTD 	X	X	X
	Form XML instance		X	X
	Form graphics instances		X	X
	Form PDF stylesheet 	X	X	X
	Form PDF 		X	
	Form-to-JSP XSL transform 	X	X	
	Form JSP instance		X	
	Data-collection DTD 	X	X	X
	Data-collection XML instance			X
	Form-and-data merge XSL transformation	X	X	X
	Form XML with merged data 			X
	Completed report with data merged and rendered to
PDF			X


Table 1 (continued)DCR form system file types
and locations

File storage locations	File Type	File storage locations
		Content-management System	Web Server	Arbortext Publishing Engine Server	Data Repository
	Form DTD 	X	X		
	Form XML instance	X	X		
	Form graphics instances	X	X		
	Form PDF stylesheet 	X		X	
	Form PDF 		X		
	Form-to-JSP XSL transform 	X	X		
	Form JSP instance		X		
	Data-collection DTD 	X	X		
	Data-collection XML instance		X		X
	Form-and-data merge XSL transformation	X	X		
	Form XML with merged data 		X		X
	Completed report with data merged and rendered to
PDF		X		X



What Table 1 shows is that, just looking at files and not at
the software behind them, we start with a small number of control
files, build a form package, and then collect a data package. Source
files are to be archived in a content-management system and final
results will be passed to a data repository. Almost all the files
pass through the Web server, where source XML is rendered into HTML/JSP
forms, data is collected through the forms, and results are assembled
in XML and PDF. One auxiliary server hosting composition software
is called in to manage PDF rendition of XML files. Software source
code, such as the backing bean module and DOM-based interpreter of
JSP output, will also be managed, probably on a content-management
system.

Some files in the system are, in effect, transient and so do
not require archiving. The JSP version of a procedure and form is
created when an IE creates a new or revised procedure and loads it
to the Web server. It is displayed to guide the inspector through
the certification process and collect input from the process, but
it is not saved with data in place. Creation of a new XML data file
from what is entered in the online form is hidden from the user until
that data is merged with the XML form template and displayed as a
PDF rendition. 



Metadata Flow

Because the EBH project builds on legacy processes and incorporates
metadata from both the legacy and the new processes, it incorporates
a dual flow of metadata.

The XML component of the EBH study began with a pilot project
to capture a DCR as an XML document rather than as a Word file. One
of the first decisions in the document design was to create specific
elements to capture metadata already in the paper-based workflow.
So there are individual elements to both information about the component
being certified and the engineers involved in developing and approving
the certification and reporting procedure. The component itself is
identified on the template form by its part number and name. When
the certification procedure is executed, the inspector will add to
these the lot number and serial number of the part. The Picture Page
also includes the governing drawing number. The approvals include
elements for the PE, IE, and configuration engineer, along with the
dates of their approvals and the PET governing the procedure. There
are separate approvals for the Picture Page and the body of the procedure.
These elements of the template are simply passed through the entire
process to the final certification report unchanged. They are rendered
in both HTML and PDF, but appear in the XML version of the report
just as they appeared in the template XML created by the IE.

The IE will recognize that the new workflow calls out this legacy
metadata as explicit items for input, rather than finding it simply
as locations in a Word table to fill in. (We are still developing
the user interface to be used in the Arbortext editor.) But beyond
that, these items will not be recognized as metadata by users of the
process. The information will, for all practical purposes, continue
to look as it did in the paper-based process. Because the information
is wrapped in XML, however, it will be available to future processes
that for the most part have not yet been created.

 <DCRbody>
  <DCRInformation>
   <DCRHeader>
    <DCRPET>47691</DCRPET>
    <DCRArea>9201-1</DCRArea>
    <DCRtitleblock>
     <DCRPartName>Eyelet</DCRPartName>
     <DCRPartNumber>B-K-23189</DCRPartNumber>
     <DCRDrawingNumber>B-K-23189</DCRDrawingNumber>
     <DCRDrawingRev>L</DCRDrawingRev>
     <DCRProductID>PP1200-19</DCRProductID>
     <DCRLotNumber>120019xxxx</DCRLotNumber>
    </DCRtitleblock>
   </DCRHeader>
   <DCRFooter1>
    <DCRdisposition>
     <Disposition>pending</Disposition>
     <DispositionedBy>mxm</DispositionedBy>
     <InspectionDate>
      <date>200801281628</date>
     </InspectionDate>
    </DCRdisposition>
   </DCRFooter1>
   <DCRFooter2>
    <DCRApproval>
     <DCRPEapproval>
      <ProductEngineer>David B. Engineer</ProductEngineer>
      <date>10/2/03</date>
     </DCRPEapproval>
     <DCRIEapproval>
      <InspectionEngineer>Eric E. Inspectionguru </InspectionEngineer>
      <date>10/1/03</date>
     </DCRIEapproval>
     <DCRCCapproval>
      <CCReview>I. M. Incontrol</CCReview>
      <date>10/2/03</date>
     </DCRCCapproval>
     <DCRDocumentNumber>OO-CG-007</DCRDocumentNumber>
     <DCRRevision>B</DCRRevision>
    </DCRApproval>
   </DCRFooter2>

There is a similar block of data for the Picture Page. The information
collected in this metadata appears in the PDF rendition of the DCR
in the blocks at the top and bottom of the Picture Page and the first
page of the DCR body (Figs. 2a and 2b).

As we have created a workflow that processes the DCR template,
we have added the other metadata in ways that are transparent to the
user. It is not necessary even to display this information, since
it is not expected on the paper forms we are emulating. Nonetheless,
we are currently appending it to the merged DCR and rendering it in
the PDF output, largely as a convenience to ourselves in testing.
This metadata falls into two categories: information about the version
of the process and information tracking the application of the process. 

Information about the process begins with the versions of the
DTDs and XSLT stylesheets employed. 

In the case of the DTDs, version information begins as a parameter
entity and is carried by an attribute of the document element. As
a result, the DCR procedure created by an IE carries its version data,
and this is in turn recorded in the merged DCRs that result from execution
of the procedure.

<DCR doc_class_level="U" DTD_version="0.9" status="draft">

 The corresponding version data about the data-collection DTD
similarly appears in the XML data generated by the online process.
In the merged DCR, this latter version data can be copied by the XSLT
into the metadata section appended to the original DCR.

Version information about the XSLT begins as variables in the
stylesheets, and this is written by the transforms into “meta” elements
in the HTML/JSP files and attributes on the metadata appendix of the
merged XML DCR. Because the HTML/JSP files are transient generated
objects and not archival artifacts, their metadata is less important
than that of the XML files. Nonetheless, we have the information available
in case we need it. We do write the name of the Web form into the
data-collection file and copy that into the DCR.

In addition to version information, we also capture data about
each “inspection event.” In traditional processing, each inspection
of a part is a unique event. If the part passes the inspection (or
is granted a “deviation” waiver from some portion of the specification
being tested), a report is completed and sent to auditing. If the
part fails, it is either “killed” or sent for rework, and the form
being completed is discarded without becoming a report. Because the
overall process for electronic histories is still in early phases
of investigation, we have not constrained ourselves to this model.
Instead, our process allows for checkpointing a version of the collected
data and reopening the form for revision, starting with the saved
inspection data. Even if the future workflow continues the current
model of each inspection being unique, the ability to reopen a file
allows the inspector or auditor to correct errors in data entry. In
any event, we record data from each time the file is opened, including
the person opening the file, a timestamp, and the disposition of the
inspection (whether the part has been accepted or has failed). This
data, together with other metadata from the process flow, is accumulated
in the “Inspection Record” appended to the DCR.

 <LotInspection>
    <InspectionData>
     <FormID formNumber="OO-CG-007" formRevision="A" formType="DCR"/>
     <InspectionID iteration="1" lotNumber="1200-19-0000"
         number="4" time="2008-01-10 07:17:24.015-0500" user="george"/>
     <FormPage>pp1200-19.jspx</FormPage>
    </InspectionData>
    <InspectionHistory>
     <InspectionEvent iteration="1" lotNumber="1200-19-0000"
         number="1" time="2008-01-10 07:17:24.015-0500" user="george"/>
     <InspectionEvent iteration="1" lotNumber="1200-19-0000"
         number="2" time="2008-01-10 07:17:24.015-0500" user="george"/>
     <InspectionEvent iteration="1" lotNumber="1200-19-0000"
         number="3" time="2008-01-10 07:17:24.015-0500" user="george"/>
     <InspectionEvent iteration="1" lotNumber="1200-19-0000"
         number="4" time="2008-01-10 07:17:24.015-0500" user="george"/>
    </InspectionHistory>
    <LotNumber>1200-19-0000</LotNumber>
    <InspectionDisposition state="pending" time="200801281628" user="jake"/>
   </LotInspection>

The result of this metadata flow is flexible: a completed DCR
contains a history of its creation, and all the metadata, whether
from the old or new workflows, can be printed and is accessible to
further XML processing. Information flows from both the traditional
approval system and all the steps in online processing, being accumulated
in a merged XML file and rendered in PDF for paper records (Fig. 4).
[image: Fig. 4. Information Flow in document processing.]

Figure 4.Fig. 4. Information Flow in document processing.

A certified part is thus wrapped in many layers of data and
metadata, all of which has the potential for electronic retrieval
and further processing (Fig. 5).
[image: Fig. 5. An Onion of Documents and Metadata: a part certified]
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The NDT Report is a much simpler document than the DCR. It is
usually a single page with form metadata at the top and bottom. Onto
this form several different kinds of body can be put for a variety
of tests, such as visual inspection of welds, tests with fluorescent
dyes to reveal cracks, and X-rays. The body information is generally
simple, to capture the identifiers of the parts being tested and whether
the parts pass or fail the test. The general workflow mirrors that
for the DCR, though there is less collecting of approval metadata.
The flow of metadata through the processing system is nonetheless
similar to that for the DCR.




Workflows to Come

The DCR and NDT are only two of many tests done in the overall
certification process for Y-12's products. Materials may be sent for
chemical, isotopic, and metallographic tests. Large assemblies undergo
extensive X-ray analysis. (We have just installed a 9–MeV linear accelerator
for examination of large structures.) DOE has mandated that many tests
perform “electronic data capture” (EDC), though what that means is
in some cases still evolving. In the case of radiography, we are being
pushed to new electronic technology simply because of the dwindling
supply of suitable X-ray film. Early EDC was done in stand-alone processes,
with data captured in conventional databases. Essentially all machine-measured
data is now collected in a central plant electronic data collection
system. The proposed data packaging project will look at storing these
data in XML-based packages. After years of hesitancy, there is a growing
awareness that XML will probably turn out to be a way of binding together
all the disparate processes and collections of data in the certification
of our processes.

We are just now beginning to look at the problems of aligning
the metadata about XML documents and processes with actual metadata
about test conditions and pointers to test data from instruments.
We are looking at HDF (Hierarchical Data Format, http://www.hdfgroup.org/why_hdf/index.html)
as a means for managing instrument data, and we are looking at extracting
HDF metadata into XML.

This project is still in an early state. We have created XML
applications for both DCR and NDT, but the planning for the metadata
is incomplete, particularly metadata about test results. We are just
beginning to move the applications into the hands of the end users.
By the time of the Balisage conference, however, we expect to have
moved our environment from the test system to one that will be available
in a few actual production areas. At that point, we shall begin working
with IEs to create pilot inspection forms to be used in parallel with
paper processing early in the coming fiscal year. If this project
is successful, we shall expand it to more certification and report
types, and we hope to move towards fully electronic records of Y-12's
products.
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		Abstract
We establish a necessary and sufficient condition for a graph to
		  correspond to the structure of an overlapping markup document, such as a
		  well-formed TexMECS document (not using interrupted or virtual elements). This
		  provides a test for determining if any given graph can be serialized into a
		  TexMECS document—or any other similar language—using only
		  overlapping markup. Such a test may prove useful in DOM-based applications, to
		  determine if an attempted modification operation would preserve the
		  overlap-only serializability of the document. For example, in a document editor
		  using a graph-oriented interface, the user could be warned when a requested
		  operation would prevent the document from being serializable with overlapping
		  elements only. To our knowledge, no such characterization has been given
		  before.

	 
	 Copyright © 2008 by the author.  Used with
permission.

  
  
	 Introduction and motivation

	 
		Overlapping markup

		Overlapping structures are generally recognized as a reality with
		  which structured documents have to deal with. For example, if we want to encode
		  in a single document both the paragraph and page structures of a text, we have
		  to deal with overlapping structures in one way or another. Numerous approaches
		  to tackle the problem have been proposed in the literature or used in practical
		  encoding projects. An excellent survey of such approaches can be found in the
		  introduction of a 2006 EML article by Sperberg-McQueen
		  S2006. Examples include TEI
		  milestones
		  TEI, LMNL (Layered Markup and
		  Annotation Language) of Jennison et al.
		  LMNL, and multi-colored trees of
		  Jagadish et al.
		  J2004.

		A number of those solutions involve overlapping markup, i.e., markup in which elements must
		  have matching start- and end-tags, but need not nest properly as in XML. For
		  example, the following document is not well-formed XML, because the elements do
		  not nest properly:

		
		  <A>Hello <B>small</A> world!</B>

		

		Yet, it could be considered well-formed in some hypothetical markup
		  language allowing overlap.

	 
	 
		Overlap in graphs

		Structured documents are often drawn as graphs. Some would say it
		  is one of the best ways to clearly bring out the structure of a document. For
		  authors, it might be one of the most usable representations of a document, in
		  which the nature and meaning of the various manipulations that can be performed
		  on the edited document are most obvious and clear. In fact, most extant
		  structured editors offer a view of the document that can be regarded as a graph
		  representation.

		When overlapping markup is allowed in documents, a graph
		  representation becomes even more useful, because arrows can then be used to represent the overlap
		  relationships, which the relative geometric positioning of elements could only
		  awkwardly convey. So, a graph-based user-interface for editing documents with
		  overlapping markup is a sensible idea.

		Suppose you have developed a graph-based editor for structured
		  documents with overlapping markup. One day, a minimalist poet composes a
		  document with the following structure:

		
			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-001.png]
			 
		  

		TexMECS (Huitfeldt and Sperberg-McQueen
		  HS2003) is a markup language that
		  allows overlapping elements. It will be discussed in more detail in
		  the section on TexMECS, but we can say right now that start-tags are of the
		  form <a| and end-tags of the form |a>. In
		  TexMECS, the above structure is thus representable as follows:

		<book|
  <prelude|
    autumn
  <poem|
  <afterthought|
    leaves
  |prelude>
    fall
  |poem>
    down
  |afterthought>
|book>

		Leaving out any unmatched tag, the contents of, for example,
		  afterthought is indeed " leaves fall down ", as the
		  graph structure says it should; and so on, for all elements.

		Feeling particularly Zen that day, the poet decides to thin down
		  the poem even more by removing " leaves " from the
		  poem:

		
			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-002.png]
			 
		  

		Would your editor allow that arrow removal? Actually, it follows
		  from our Theorem 1 that the resulting structure is not
		  representable at all with overlapping elements in TexMECS.[1]

		As the reader may want to verify, any trial-and-error attempt to
		  write a TexMECS document corresponding to the new structure fails, either by
		  aborting, or by producing the following document:

		<book|
  <prelude|
    autumn
  <afterthought|
    leaves
  |prelude>
  <poem|
    fall
  |poem>
    down
  |afterthought>
|book>

		which corresponds to this structure:

		
			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-003.png]
			 
		  

		Intuitively, the problem is that we have to start
		  afterthought before poem starts, and end it after
		  poem ends, making it impossible not to embed poem
		  within afterthought. The problem is obvious in this example,
		  however, the general conditions under which a given graph is serializable with
		  overlapping elements turn out to be not so simple, as the statement of Theorem
		  1 shows.

		A good editor should at least warn the author when an attempted
		  operation would jeopardize the serializability of the document. For this, a
		  characterization of exactly which graphs are
		  serializable is needed. Without such a characterization, an editor does not
		  know how to determine if the graph is serializable or not.

	 
	 
		Overview of this paper

		We give here an exact characterization of graphs that are
		  serializable with overlapping markup. As far as we know, it is the first time
		  such a characterization is given. We state a criterion (Theorem 1) which
		  guarantees a graph to be serializable, and which is satisfied by
		  all serializable graphs. By testing this
		  criterion, an editor can verify at all times whether the edited graph is
		  serializable or not.

		We also give the inverse characterization (Theorem 2): we show that
		  all well-formed overlapping-markup documents
		  can be obtained by serializing some graph (necessarily satisfying the
		  criterion). Thus, an editor offering only a
		  graph-based interface (and no plain-text view), and allowing only the creation
		  of serializable graphs, would still be complete, in that it would permit the
		  creation of any document representable by
		  overlapping markup.

		Our results are formulated in terms of the TexMECS markup language,
		  however, they apply to any markup language (or subset of markup language)
		  allowing overlapping elements.

	 
	 
		Related work

		Sperberg-McQueen and Huitfeldt
		  SH2004 define a graph model for
		  essentially the same subset of TexMECS as the one we deal with here: the
		  general ordered-descendant directed acyclic
		  graph (GODDAG). They study certain restrictions of the model but do
		  not give an exact characterization of serializable graphs.

	 
	 
		Node ordering

		It is clear that, in graphs corresponding to documents, at least
		  some ordering of the nodes is important. In
		  the above example, the prelude is "autumn leaves" and not "leaves autumn". In a
		  book, we expect the author to be able to specify the order of the chapters,
		  etc. To account for this, we use node-ordered
		  graphs, in which the children of a node are ordered relative to each
		  other.

		One part of our main result (Theorem 1) states it is actually
		  useless, for overlap-only documents, to allow specifying the order of
		  appearance of the nodes over and above that of siblings. In other words, an
		  overlap-only marked-up document is entirely and uniquely determined by the
		  combination of parent-child relationships and sibling ordering. So, for
		  example, an editor for overlap-only documents would offer no extra expressivity
		  by allowing authors to arbitrarily specify the order of appearance of the
		  nodes, over and above specifying the parent-child relationships and ordering
		  siblings.

	 
  
  
	 Basic definitions and notation

	 
		Digraphs, DAGs

		A directed graph (or
		  digraph) G = (NG,
		  AG) is made up of a set of nodes, NG, and of a set of
		  arcs, AG. The set
		  AG is a subset of (NG ×
		  NG) and, thus, determines a binary
		  relation on NG.

		Let G = (NG, AG) be a
		  digraph, and b, c, and d, nodes in NG.

		Iff (b, c) ∈ AG, we say that c is a
		  child (or direct
		  child) of b, and that b is a
		  parent of c. The fact that c is a child of b
		  is noted b →G c.

		Iff both b →G c and b
		  →G d, and c ≠ d, we say that c and d are
		  siblings.

		We define the reachability (or
		  dominance) relation of G, noted
		  ⇒G, as the transitive closure of
		  AG. Node c is said to be reachable from, or a descendant of, or dominated
		  by, node b iff b ⇒G c. Node b is said
		  to be an ancestor of node c iff c is a
		  descendant of b.

		When G is clear from the context or irrelevant, we may use the
		  notations → and ⇒ instead of, respectively,
		  →G and ⇒G.

		Iff b → c, we say that c is directly
		  reachable from b. Iff there exists some d ∈
		  NG such that b ⇒ d and d ⇒ c, we say that
		  c is indirectly reachable from (or an
		  indirect descendant of) b.

		The internal nodes of a digraph
		  are the nodes that have at least one child; its leaves are the nodes without any child; its
		  roots are the nodes that are not a child of
		  any other node.

		A cycle-free or
		  acyclic digraph is one in which no node is its
		  own descendant. An acyclic digraph is also called a directed acyclic graph (DAG).

	 
	 
		Strict partial orders

		Note that, when G is a DAG, ⇒G is a
		  transitive, antireflexive (and hence antisymmetric) binary relation on
		  NG. Such relations are called strict (or antireflexive, or sometimes irreflexive) partial orders on
		  NG. Thus, for all DAG G,
		  ⇒G is a strict partial order on
		  NG.

		When R is a strict partial order on NG, we
		  say that b and c are R-ordered (or R-comparable) iff either (b, c) ∈ R or (c, b)
		  ∈ R. Otherwise, we say that they are R-unordered (or R-incomparable). We say R is total (or a strict total
		  order) on NG iff for all b, c ∈
		  NG, b and c are R-comparable, unless b = c.

		For any binary relation R, the fact that (b, c) ∈ R is noted
		  b R c.

	 
  
  
	 Graphs and TexMECS documents

	 
		General strategy

		To define a correspondence between graphs and TexMECS documents,
		  one option would have been to assign textual labels to the nodes of a graph,
		  and define a serialization algorithm to collect the labels and produce a
		  well-formed TexMECS document. However, we preferred the (essentially
		  equivalent) avenue of requiring an isomorphic mapping between the nodes of a
		  graph and the set of ranges (defined below)
		  that correspond to the various parts of a well-formed TexMECS document. We
		  chose that approach for the following reasons:


		

		  	

			 While a serialization algorithm can be defined in such a way
				that it always yield a well-formed TexMECS document from a DAG, there exist
				DAGs for which the element-containment structure of the serialized document
				does not reproduce the parent-child relationships of the graph. This is in fact
				a direct corollary of our Theorem 1. Thus, the very notion of correspondence
				based on a serialization algorithm would be contingent on the structural
				constraints of Theorem 1.

		  


		  	

			 The approach better shields our proofs from the superficial
				details of the serialization algorithm, and thus, from the “lexical
				sugar” of the markup language.

		  

		

	 
	 
		Node-ordered DAGs (noDAGs)

		We now define a type of graph that allows ordering siblings.
		  Intuitively, this ordering specifies the desired order of appearance of the
		  corresponding elements in the serialized document.

		The definition also makes it possible to specify an order among
		  nodes that are not siblings. As noted earlier, one of our results (Theorem 1)
		  entails that, for overlap-only documents, the order among siblings entirely and
		  uniquely determines the order of appearance of all the elements in the document, and that, thus, the
		  extra ordering capability of the graph model does not increase its
		  expressivity. In future work, we plan to investigate other markup formalisms
		  for which the extra ordering capability might increase expressivity.

		Definition: Let G be a DAG, and
		  RG a strict partial order on NG.
		  We say that (G, RG) is a node-ordered DAG (noDAG) iff RG
		  is such that, for all b and c ∈ NG, the following
		  holds:

		
		   if ((b and c are siblings) or (b and c are distinct roots)),
			 then (b RG c or c RG b)

		

		that is, siblings are totally RG-ordered
		  relative to each other, and so are distinct roots. Some other pairs of nodes
		  may be RG-ordered, but it is not necessary.

		Definition: Let
		  (G, RG) be a noDAG. We define the minimal ordering of (G, RG),
		  noted <G, as follows:

		
		   <G = {(b, c) ∈
			 RG | (b and c are siblings) or (b and c are distinct
			 roots)}

		

		Note that <G is a (not necessarily
		  proper) subset of RG. It is also a strict partial order,
		  and it contains exactly those pairs from RG necessary to
		  totally order siblings and distinct roots.

		All the examples of noDAGs in this paper have
		  RG = <G. The graphs given as
		  examples earlier in the paper are all noDAGs, with the (minimal) ordering of
		  siblings represented by left-to-right disposition of the arrows going out of
		  the parent node. Unless otherwise stated, the (minimal) ordering of siblings is
		  always represented in that way in our examples.

		Notation: In the remainder of this
		  paper, if (G, RG) is a noDAG, the notation G may be used
		  as a shorthand standing for (G, RG), unless it would
		  cause ambiguity.

		Definitions: Let G be a noDAG, and
		  b, c, d, and e stand for nodes in NG. Node c is called
		  the first (or leftmost) child of b iff b → c and for no other
		  child d of b is it the case that d <G c. Conversely,
		  c is called the last (or rightmost) child of b iff b → c and for no other
		  node child d of b is it the case that c <G d. We say
		  c and d are consecutive siblings iff there
		  exists b such that b → c, b → d, and for no other node child e of
		  b is it the case that c <G e
		  <G d.

	 
	 
		Ranges

		A range corresponds intuitively to a stretch of consecutive
		  character positions within some document or character string. Ranges and the
		  associated relations can be defined in various ways; the following definitions
		  suffice for our purposes.

		A range is a pair of integers (x,
		  y), where 1 ≤ x ≤ y.

		The start-point of a range r = (x,
		  y) is x, and is noted start(r); its end-point
		  is y, and it is noted end(r).

		Intuitively, start(r) is the character position in the document
		  where r starts, and end(r) is one more than
		  the position where it ends. So, for all integers x ≥ 1, (x, x) is what
		  we call an empty range.

		Range r is said to properly
		  contain range s iff start(r) < start(s) and end(s) <
		  end(r).

		Range r is said to precede range s
		  iff start(r) < start(s).

		Note that both the proper containment and the precedence relations
		  among ranges are strict partial orders.

		Let S be a set of ranges, and r, s ∈ S. We say that r
		  directly contains s with
		  respect to (wrt) S iff the two following statements hold:

		
		  1. r properly contains s

		  2. no t ∈ S is such that r properly contains t and t
			 properly contains s

		

		When the set S is clear from context, we may drop the “with
		  respect to S” part.

		We say S has distinct boundaries
		  iff no two distinct ranges in S have the same end-point; that is, iff for all
		  r, s ∈ S, unless (r = s), end(r) ≠ end(s).

	 
	 
		Correspondence between a noDAG and a set of ranges

		Definition: Let S be a set of
		  ranges. We say that S corresponds to some
		  noDAG G (or, conversely, that G corresponds to S) iff there exists a bijective
		  mapping g between NG and S, such that all of the
		  following conditions hold:

		
		  1. (for all b, c ∈ NG) [(b
			 →G c) iff g(b) directly contains g(c) wrt
			 S]

		  2. (for all b, c ∈ NG) [if (b
			 RG c), then start(g(b)) < start(g(c))]

		

		We then say that G and S correspond to each other
		  through g.

		Condition (1) means that the direct containment relationships among
		  the ranges in S correspond exactly to the direct dominance relationships among
		  nodes in G. Condition (2) means that whenever RG
		  specifies an order between two nodes, that order corresponds to the precedence
		  relation on ranges.

		Notation: For any b ∈
		  NG, b' will denote g(b). Conversely, for any r ∈
		  S, r' will denote g-1(r).

		Observation: It is not too
		  difficult to show that if a noDAG and a set of ranges correspond to each other,
		  then they do so through a unique
		  bijection.

	 
	 
		TexMECS

		Huitfeldt and Sperberg-McQueen introduce TexMECS as “a
		  markup language (or, more precisely, a markup meta-language or family of markup
		  languages) intended for experimental work in dealing with complex
		  documents”
		  HS2003, p. 1. The main
		  differentiating characteristic of TexMECS, relative to XML, is that it allows
		  elements to overlap, rather than requiring them to nest in a strictly
		  hierarchical way.

		We present below a small portion of TexMECS, called
		  overlap-only TexMECS, which includes just
		  enough of the full language to allow overlapping elements. Of interest to
		  readers familiar with the complete language, here are the features of TexMECS
		  excluded from overlap-only TexMECS:

		

		  	

			 virtual elements;

		  


		  	

			  interrupted elements;

		  


		  	

			 empty elements;

		  


		  	

			 attribute specifications;

		  


		  	

			 entity references;

		  


		  	

			 generic identifier co-indexing (for handling
				self-overlap);

		  


		  	

			 unordered contents;

		  


		  	

			 comments.

		  

		

		Please bear in mind that TexMECS is an experimental language, and
		  may evolve in the future.

		All our results are stated—and proved—relative to
		  overlap-only TexMECS, but clearly, they would hold mutatis mutandis for any equivalent formalism. At least
		  at first glance, there is no reason to believe that throwing in all but the two
		  first features from the above list would cause any major problem (aside from
		  adding nitty-gritty details to the proofs). Our proofs do not apply—and,
		  in fact, we strongly suspect the results do not hold (although we propose no
		  formal proof of this)—if we add interrupted elements and/or virtual
		  elements.

		
		  Overlap-only TexMECS

		  The following are adapted or taken from Huitfeldt and
			 Sperberg-McQueen
			 HS2003.

		  Start-tags are of the form <a| and end-tags of
			 the form |a>, where a stands for any acceptable
			 XML generic identifier. Two tags (start- or end-) are said to
			 match iff they bear the same generic
			 identifier.

		  The depth of any tag T in a
			 document is defined as the difference:

		  
			 (number of start-tags matching T and occurring at or before T
				in the document)

			   − (number of end-tags matching T and occurring before
				T in the document)

		  

		  A character string is said to be a well-formed overlap-only TexMECS document iff all of the
			 following conditions hold:


		  

			 	

				There are equal numbers of start- and end-tags.

			 


			 	

				No tag has depth 0.

			 


			 	

				The document starts with a tag and ends with a tag.

			 

		  

		  Note that, under those definitions, the following are
			 well-formed:

		  

			 	

				<A|a<B|b|A>c|B>

			 


			 	

				<A|a|A>abc<B|b|B>

			 


			 	

				<A||A><B||B>

			 

		  

		  but not the following:

		  

			 	

				abc

			 


			 	

				a<A||A>

			 


			 	

				<A||A>a

			 

		  

		  A start-tag S and another tag E are said to correspond (or be paired) to each other iff E is the tag closest to S
			 among those that both (1) occur after S in the document; (2) match S; and (3)
			 have the same depth as S. It can be shown that, in well-formed documents, every
			 tag corresponds to exactly one other tag, and that corresponding tags have
			 opposite polarities (one is a start-tag and the other is an end-tag).

		
	 
	 
		Correspondence between a noDAG and a TexMECS document

		Definition: Let D be a well-formed
		  overlap-only TexMECS document. We define the set of
		  ranges associated to D, noted ranges(D), as the set containing
		  exactly the following ranges:

		
		  1. For each start-tag in D, a range going from the first
			 character of the start-tag up to (and including) the last character of the
			 matching end-tag.

		  2. For each start-tag in D not followed immediately by another
			 start-tag, a range going from the character immediately following the start-tag
			 up to (and excluding) the first character of the next upcoming tag (start- or
			 end-).

		  3. For each end-tag in D not followed immediately by another tag,
			 a range going from the character immediately following the end-tag up to (and
			 excluding) the first character of the next upcoming tag (start- or
			 end-).

		

		Note that (2) will introduce an empty range for each start-tag
		  immediately followed by an end-tag, and that no other configuration of tags
		  will introduce an empty range.

		Definition: We say that a
		  well-formed overlap-only TexMECS document D corresponds to some noDAG G (or, conversely, that G
		  corresponds to D) through some mapping g iff ranges(D) corresponds to G through
		  g.

		Example: Let D be the following
		  well-formed TexMECS document (character positions given underneath, for ease of
		  reference):

		
		  <A|<B|x<C||B>y|C>|A>
000000000111111111122
123456789012345678901

		

		Then, ranges(D) will contain six ranges:


		

		  	

			 (1,21) corresponding to element A;

		  


		  	

			 (4,14) corresponding to element B;

		  


		  	

			 (8,18) corresponding to element C;

		  


		  	

			 (7,8) corresponding to character x;

		  


		  	

			 (11,11) corresponding to the empty string between
				<C| and |B>;

		  


		  	

			 (14,15) corresponding to character y.

		  

		

		The reader can readily verify that the set ranges(D) corresponds to
		  the following noDAG (through the bijection implicitly defined
		  above):

		   [image: ../../../vol1/graphics/Marcoux01/Marcoux01-004.png]

		  
		

		Observation 1: For all well-formed
		  overlap-only TexMECS document D, the set ranges(D) has distinct boundaries.
		  This follows simply from our definition of ranges(D) and the fact that TexMECS
		  end-tags have positive length. Note that no two ranges in ranges(D) have the
		  same start-point either, but, because of the way our various definitions are
		  set up, we do not need this in our proofs.

	 
	 
		Empty strings and spurious overlap

		Intuitively, the ranges we associate with a document are the
		  various “locations” in the document where its contents are
		  situated. We have chosen to consider that the empty string is
		  “content” only when located between a start-tag and an adjacent
		  following end-tag. This seems to us the most natural point of view.

		However, one can view things differently; for example, it could be
		  considered that the empty string between any
		  two adjacent tags is content. Looking at things this way, the document in the
		  above example would have two more ranges: (4,4) and (18,18), and accordingly,
		  the corresponding noDAG would have two more nodes.

		Why would one want to do that? One answer is that it allows
		  discussing spurious overlap in terms of
		  graphs. Sperberg-McQueen and Huitfeldt
		  SH2004 define spurious overlap as
		  the use of overlapping elements in places where properly-nesting elements would
		  have adequately represented an “equivalent” structure. For
		  example, the above document contains spurious overlap, because flipping the
		  <C| and |B> tags would eliminate the overlap,
		  yet only change the hierarchical positioning of an empty string. Another tag
		  configuration considered spurious overlap is illustrated in the following
		  document:

		
		  <A|<B|xyz|A>|B>

		

		Here, flipping either the start- or end-tags would result in
		  properly-nesting elements, while preserving the fact that all three data
		  characters are within both an A element and a B
		  element.

		In order to define precisely spurious overlap in terms of graphs,
		  Sperberg-McQueen and Huitfeldt naturally take the approach that there is empty
		  content between any two adjacent tags, then define appropriate conditions on
		  graphs that correspond to spurious overlap.

		We are convinced that, in general, spurious overlap can have
		  distinctive meaningful semantics, and thus, should not be forbidden.
		  Nevertheless, we recognize it can be useful to detect it, for example, as a
		  helper function for authors, or when it is known to be unintentional
		  SH2004. With our current
		  definition of ranges(D) and the ensuing graph representation of a document, the
		  discussion of spurious overlap found in
		  SH2004 cannot be held directly.
		  To change this, we would simply need to define ranges(D) so that an empty range
		  is introduced for any two adjacent tags. Our results would still hold, except
		  that the statement of Theorem 1 would need to include the additional condition
		  that the first and last child of any internal node are both leaves (they could
		  be the same leaf).[2]

	 
  
  
	 Results

	 
		Completion-acyclic noDAGs

		We now introduce a class of noDAGs that is central in our
		  characterization.

		Let G be a noDAG, and b, c, and d, nodes in
		  NG.

		We define two relations, derived from G, which we call collectively
		  the completions of G. One is the
		  starts-before- (or SB-) completion of G, and is noted SB(G); the other is the
		  ends-after- (or EA-) completion of G, and is noted EA(G). The rationale for
		  those names will become clear later.

		Definition: Relation SB(G) is the
		  transitive closure of the union of the following sets:

		
		  1. AG

		  2. <G

		  3. {(b, c) | (∃d)[(d ⇒ b) & (d
			 <G c)] & c ⇏ b}

		

		Notation: For convenience, the
		  third set above will be noted CSB(G).

		Definition: Relation EA(G) is the
		  transitive closure of the union of the following sets, where
		  >G denotes the inverse relation of <G:


		
		  1. AG

		  2. >G

		  3. {(b, c) | (∃d)[(d ⇒ b) & (d
			 >G c)] & c ⇏ b}

		

		Notation: For convenience, the
		  third set above will be noted CEA(G).

		Note that the only difference between the two preceding definitions
		  is that, for EA(G), >G is used instead of
		  <G.

		As will be shown in the examples below, the completions of a noDAG
		  are not necessarily cycle-free, when seen as arcs linking the nodes of G. The
		  case where they are is, however, of particular interest, so we define the
		  following.

		Definition: A noDAG G is said to
		  be completion-acyclic iff both digraphs
		  (NG, SB(G)) and (NG, EA(G)) are
		  acyclic.

	 
	 
		Examples

		In the upcoming examples (as in the earlier ones), the ordering of
		  siblings is represented by left-to-right disposition of the arrows going out of
		  the parent node. In the completions, this ordering (or its inverse) appears
		  explicitly as added arcs.

		The arcs added to form the completions are shown in red, but
		  most added arcs obtainable by transitivity are not
		  shown, to increase readability. For each example, we first show the
		  original graph, then the starts-before completion, then the ends-after
		  completion.

		The first two examples use the same graph structures as earlier
		  examples.

		
			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-005.png]
			 
			 
				Example 1: Original graph EX1
			 
		  

			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-006.png]
			 
			 
				Example 1: SB(EX1)
			 
		  

			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-007.png]
			 
			 
				Example 1: EA(EX1)
			 
		  

		Notice how, for example, in SB(EX1), arc EC has been added because
		  (B <G C) & (B ⇒ E) & (C ⇏ E),
		  and in EA(EX1), arc GB has been added because (C >G
		  B) & (C ⇒ G) & (B ⇏ G).

		
			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-008.png]
			 
			 
				Example 2: Original graph EX2
			 
		  

			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-009.png]
			 
			 
				Example 2: SB(EX2)
			 
		  

			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-010.png]
			 
			 
				Example 2: EA(EX2)
			 
		  

		Notice how, in SB(EX2), the added arcs CD and FC form the cycle
		  CDFC.

		The third example shows a noDAG for which the SB-completion has no
		  cycle, but the EA-completion has one.

		
			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-011.png]
			 
			 
				Example 3: Original graph EX3
			 
		  

			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-012.png]
			 
			 
				Example 3: SB(EX3)
			 
		  

			 
				[image: ../../../vol1/graphics/Marcoux01/Marcoux01-013.png]
			 
			 
				Example 3: EA(EX3)
			 
		  

		Notice how, in EA(EX3), the added arcs ED and DB form the cycle
		  BEDB.

		Since both completions of EX1 are cycle-free, EX1 is
		  completion-acyclic. Because at least one completion of EX2 and EX3 has a cycle,
		  neither EX2 nor EX3 is completion-acyclic.

	 
	 
		Main results

		Before we get to our main results, we need to establish preliminary
		  results.

		Lemma 1: Let G be a noDAG to which
		  some set of ranges corresponds. Then, no node in G is both directly and
		  indirectly dominated by some other node.

		Proof. Immediate by the
		  definitions of correspondence and of direct containment.

		 QED (Lemma 1) 

		Corollary 1 to Lemma 1: Let G be a
		  noDAG to which some set of ranges S corresponds. Then, for all b, c ∈
		  NG, if (b <G c), then b
		  ⇏G c.

		Proof. By the definition of
		  <G, if (b <G c), then
		  either b and c are both roots, or they are siblings. If c is a root, then,
		  clearly b ⇏G c. If b and c are siblings, then (b
		  ⇒G c) would contradict the lemma.

		 QED (Corollary 1 to Lemma 1)
		  

		Corollary 2 to Lemma 1: Let G be a
		  noDAG to which corresponds some set of ranges with distinct boundaries S
		  through g. Then, for all b, c ∈ NG, if (b
		  <G c), then end(b') < end(c').

		Proof. By Corollary 1, b
		  ⇏G c. By the definitions of a noDAG and of
		  correspondence, we know that start(b') < start(c'). But end(c') < end(b')
		  would imply b ⇒G c. So, we must conclude that
		  end(b') ≤ end(c'). Since S has distinct boundaries, we conclude that
		  end(b') < end(c').

		 QED (Corollary 2 to Lemma 1)
		  

		Lemma 2: Let G be a noDAG to which
		  corresponds some set of ranges with distinct boundaries S through g. Then, for
		  all r, s ∈ NG, the following two conditions
		  hold:

		
		  1- if (r, s) ∈ SB(G), then start(r') < start(s')


		  2- if (r, s) ∈ EA(G), then end(r') > end(s')

		

		Proof. We will prove the lemma
		  only for SB(G); the proof for EA(G) is entirely similar (but makes use of
		  Corollary 2 to Lemma 1).

		By the definition of starts-before-completion, we know that:


		 SB(G) = transitive-closure(AG ∪
		  <G ∪ CSB(G)).

		We will prove that (1) above holds for each arc in
		  (AG ∪ <G ∪
		  CSB(G)). Then, by transitivity of < on integers, the lemma will
		  follow.

		For all arcs (r, s) ∈ (AG ∪
		  <G), then clearly, by the appropriate definitions,
		  start(r') < start(s'). There remains to treat the case where (r, s) ∈
		  CSB(G). We prove this by contradiction.

		Suppose that (r, s) ∈ CSB(G) and start(s') ≤
		  start(r'). By the definition of CSB(G), there must exist d such that
		  (d ⇒ r) & (d <G s) & s ⇏
		  r.

		From (d <G s), by Corollary 1 to Lemma 1,
		  we conclude that d ⇏ s.

		Since, by hypothesis, s start(s') ≤ start(r'), and because s
		  ⇏ r, we conclude that end(s') ≤ end(r'). Because d ⇒ r, we
		  know that end(r') ≤ end(d'). Thus, end(s') ≤ end(d'). But d
		  <G s implies that start(d') < start(s'). Thus, we
		  conclude that d ⇒ s, a contradiction.

		We must thus reject the hypothesis that start(s') ≤
		  start(r'), and conclude that, for all arcs (r, s) ∈ CSB(G), start(r')
		  < start(s').

		 QED (Lemma 2)

		Lemma 3: Let G be a finite noDAG.
		  Then, for all distinct b, c ∈ NG, both of the
		  following hold:

		a) At least one of the pairs (b, c) and (c, b) is in SB(G).

		b) At least one of the pairs (b, c) and (c, b) is in EA(G).

		Proof. Here again, we will prove
		  the lemma only for SB(G), the proof for EA(G) being entirely similar.

		Let G be a noDAG, and S = SB(G). The proof is simpler if G has only
		  one root, and it generalizes easily (though somewhat tediously) to the cases
		  where G has more than one root. So, we will treat only the case where G has a
		  unique root.

		Let distinct b, c ∈ NG. If either b
		  ⇒G c or c ⇒G b,
		  then, by definition, one of (b, c) and (c, b) ∈ S. There remains to
		  treat the case where b and c are
		  (⇒G)-incomparable. Suppose they are, and let m be
		  a (⇒G)-minimal-upper-bound (mub) of b and
		  c.[3]

		Suppose, without loss of generality, that neither b nor c is a
		  child of m (if either is, similar—and actually simpler—arguments
		  lead to the same conclusions). Then, by the definition of mub, and because b
		  and c are (⇒G)-incomparable, there must exist e,
		  f ∈ NG such that (m → e ⇒ b) &
		  (m → f ⇒ c) & (f ⇏ b) & (e ⇏ c). Since e
		  and f are siblings, they are <G-comparable. If, on
		  the one hand, e <G f, then, we have:

		
		   (e ⇒ b) & (e <G f) & (f
			 ⇏ b)

		

		and, thus, by construction of S, (b, f) ∈ S, and, by
		  transitivity, (b, c) ∈ S. If, on the other hand, f
		  <G e, then, we have:

		
		   (f ⇒ c) & (f <G e) & (e
			 ⇏ c)

		

		and, thus, by construction of S, (c, e) ∈ S, and, by
		  transitivity, (c, b) ∈ S.

		QED (Lemma 3)

		Corollary to Lemma 3: Both
		  completions of a finite completion-acyclic noDAG G are strict total orders on
		  NG.

		Proof. By the definition, both
		  completions of a completion-acyclic noDAG are cycle-free. Thus, it is immediate
		  that they are antireflexive and antisymmetric. Since they are obtained by
		  transitive closure, they are transitive. It follows from the lemma that they
		  are total.

		 QED (Corollary to Lemma 3)


		Lemma 4: For all
		  completion-acyclic noDAG G, SB(G) ∩ EA(G) =
		  (⇒G).

		Proof. Let G be a
		  completion-acyclic noDAG. By the definitions of the respective completions, it
		  suffices to show that no pair (b, c) can be both in CSB(G) and CEA(G).

		We prove this by contradiction: suppose there exists a pair (b, c)
		  that is a member of both sets. Since (b, c) is in CSB(G), then it is also in
		  SB(G), by definition. Because it is in CEA(G), we know that c ⇏ b, and
		  that there exists d such that c <G d and d
		  ⇒G b. From this and the definition of SB(G), we
		  conclude that the pair (c, b) is in SB(G). So, both (b, c) and (c, b) are in
		  SB(G). Hence, SB(G) contains a cycle, which contradicts the hypothesis that G
		  is completion-acyclic.

		 QED (Lemma 4)

		Lemma 5: Let G be a finite
		  completion-acyclic noDAG. For all (b, c) ∈ NG, if
		  (b, c) ∈ SB(G) but b ⇏ c, then any node dominated by b and not by
		  c precedes, in SB(G)-order, c and any node dominated by c. Conversely, if (b,
		  c) ∈ EA(G) but b ⇏ c, then any node dominated by b and not by c
		  precedes, in EA(G)-order, c and any node dominated by c.

		Proof. Let G be a finite
		  completion-acyclic noDAG. First observe that, by Corollary to Lemma 3 and
		  Lemma 4, for all distinct, ⇒-incomparable b, c ∈
		  NG, if (b, c) ∈ SB(G), then (c, b) ∈
		  EA(G), and vice-versa.

		 Again, we prove the lemma only for SB, the proof for EA being
		  entirely similar. Let b and c be as in the statement of the lemma, and suppose
		  d and e are such that b ⇒ d, c ⇏ d, c ⇒ e. Note that d
		  ⇏ c. Suppose, for the sake of contradiction, that (c, d) ∈ SB(G).
		  Then, by the preceding observation, we have (d, c) ∈ EA(G), (c, b)
		  ∈ EA(G), and, because b ⇒ d, (b, d) ∈ EA(G). Thus, there
		  is a cycle in EA(G), contradicting the fact that G is completion-acyclic. So,
		  by Corollary to Lemma 3, we must conclude that (d, c) ∈ SB(G), and thus,
		  by transitivity, that (d, e) ∈ SB(G).

		 QED (Lemma 5)

		Theorem 1: Let (G,
		  RG) be a noDAG. Then, there exists a well-formed
		  overlap-only TexMECS document corresponding to G iff all of the following
		  hold:

		
		  1- NG is finite and non-empty.

		  2- No node of G is both directly and indirectly reachable from
			 some other node.

		  3- G is completion-acyclic.

		  4- RG is a subset of SB(G).

		  5- No two leaves are consecutive in both SB(G)-order and reverse
			 EA(G)-order.

		  6- Neither the first nor the last root of G (in
			 <G order) is a leaf.

		

		Note that point (4) asserts that the ordering among nodes specified
		  by RG − (<G) can only
		  confirm what is already implicit in <G. Points (5)
		  and (6) may seem mysterious at first, but simply translate idiosyncratic
		  morphological contingencies of well-formed overlap-only TexMECS. An alternate
		  formulation of point (5) is that no two consecutive siblings are leaves with
		  the same set of parents.

		Proof.

		(⇒) Let (G, RG) be a noDAG to which
		  corresponds a well-formed overlap-only TexMECS document D. We show in
		  succession that G satisfies conditions (1) to (6) in the statement of the
		  theorem.

		(1): Follows immediately from the various definitions.

		(2): Follows immediately from Lemma 1.

		(3): Follows from Lemma 2 (which, by Observation 1, we know is
		  applicable) because, if either SB(G) or EA(G) had a cycle, it would imply that,
		  for some r ∈ ranges(D), start(r) < start(r) or end(r) <
		  end(r).

		(4): By (1) and (3), G is finite and completion-acyclic. Thus,
		  Corollary to Lemma 3 applies, and we conclude that SB(G) is a strict total
		  order on NG. Since SB(G) is total, any pair (r, s) that
		  is not in it can only contradict it. Suppose,
		  then, there exists a pair (r, s) ∈ RG −
		  SB(G). By the preceding argument, we conclude that (s, r) ∈ SB(G). So,
		  by Lemma 2, start(s') < start(r'). However, by the definition of
		  correspondence, (r, s) ∈ RG implies that
		  start(r') < start(s'), a contradiction.

		(5): Proof sketch. Suppose, for
		  the sake of contradiction, that there exist two leaves v and w in G consecutive
		  in both SB(G)-order and reverse EA(G)-order. Suppose, without loss of
		  generality, that v and w are not roots. Then, it is not hard to see that v' and
		  w' must be both directly contained (wrt ranges(D)) in some other range, without
		  any range starting and/or ending between them. But, by construction of
		  ranges(D), this is impossible.

		(6): We treat only the case of the first root; the proof for the
		  last root is entirely similar. It is easy to show that, in a completion-acyclic
		  noDAG, the first node in SB-order is always the first root. So, if r is the
		  first root of G, in <G order, then r is the first
		  node in SB(G)-order. By Lemma 2 and the construction of ranges(D), then,
		  start(r') = 1. Because D is well-formed, it must start with a tag; thus, r is
		  not a leaf.

		(⇐) Proof sketch. Let (G,
		  RG) be a noDAG satisfying conditions (1) to (6) in the
		  statement of the theorem. We construct a well-formed overlap-only TexMECS
		  document D and show it corresponds to G.

		We sketch informally the construction of D.

		We start by assigning an arbitrary, distinct, generic identifier to
		  each internal node of G. Then, on each side (left and right) of the node, we
		  stick TexMECS tags derived from the generic identifier: a start-tag on the
		  left, and an end-tag on the right; for example “<QC|” on the
		  left and “|QC>” on the right.

		Then, we let those tags slide down from their node, following the
		  arrow linking the node to its first child (for a start-tag) and to its last
		  child (for an end-tag). When a tag arrives to a new internal node, it continues
		  sliding down, using the same arrow position (first or last) as initially, all
		  the way down, until it ends up on a leaf. When it does, it goes to the left of
		  the leaf (if it is a start-tag), or to its right (if it is an end-tag), and
		  stays there.

		After both tags of all internal nodes have slid down to a leaf, we
		  order the start-tags on the left of each leaf in SB(G) order
		  of the node they come from. Then, we order the
		  end-tags on the right of each leaf in reversed
		  EA(G) order of the node they come from.

		Then, for each leaf, we create a character string consisting of the
		  concatenation of all the start-tags to its left, in order, then, the character
		  “A”, then all the end-tags to its right, again in order.

		Finally, we pick-up and concatenate the strings created for the
		  leaves, in SB(G) order. That is our document D.

		The mapping g between ranges(D) and NG is
		  the one that maps to each internal node the range stretching from one to the
		  other of (and including) the two tags that originate from it, and to each leaf
		  the character “A” that it contributed to D.

		To see that D is a well-formed overlap-only TexMECS document,
		  observe that: (1) there are equal numbers of start- and end-tags; (2) all
		  generic identifiers are distinct, and thus, the fact (following from Lemma 5)
		  that any start-tag occurs to the left of the matching end-tag suffices to
		  guarantee that no tag has depth 0; and (3) the document starts and ends with a
		  tag.

		We now sketch a proof that the set ranges(D) corresponds to G
		  through g, i.e., that the following statements both hold:

		
		  i. (for all b, c ∈ NG) [(b
			 →G c) iff (b' directly contains c') wrt
			 ranges(D)]

		  ii. (for all b, c ∈ NG) [if (b
			 RG c), then start(b') < start(c')]

		

		To prove (i), we will show that proper containment on ranges(D)
		  corresponds to reachability on G. Since, by hypothesis, G contains only direct
		  reachability relationships, (i) will follow.

		Suppose first that b ⇒G c. Then, by
		  construction of D, Lemma 5, and the fact that b precedes c in SB(G)-order,
		  start(b') < start(c'). Likewise, end(c') < end(b'). Thus, b' properly
		  contains c'.

		Now suppose for some r and s in ranges(D), r properly contains s.
		  By construction of D, and Lemma 5, it can be show that
		  r' ⇒G s'.

		To prove (ii), we will show that for all (b, c) ∈ SB(G),
		  start(b') < start(c'). Since, by hypothesis, RG is a
		  subset of SB(G), (ii) will follow. By transitivity of < on integers, it
		  suffices to show that for all (b, c) ∈ (AG
		  ∪ <G ∪ CSB(G)), start(b') <
		  start(c'). For each of the three sets constituent of the union, the desired
		  result follows from Lemma 5.

		 QED (Theorem 1) 

		Theorem 2: Every well-formed
		  overlap-only TexMECS document corresponds to some noDAG satisfying all the
		  conditions in the statement of Theorem 1.

		Proof sketch. From D, any
		  well-formed overlap-only TexMECS document, first compute ranges(D), then the
		  direct containment relationships between the members of ranges(D). Construct a
		  noDAG (G, RG) as follows:

		
		  1. NG = ranges(D)

		  2. For all r, s ∈ N, r → s iff r directly contains
			 s

		  3. For all r, s ∈ N, r RG s iff
			 start(r) < start(s)

		

		It is easily seen that (G, RG) corresponds
		  to D through the identity function. Note that (G, RG)
		  necessarily satisfies all the conditions in the statement of Theorem 1, since
		  it corresponds to a well-formed, overlap-only TexMECS document.

		 QED (Theorem 2) 

	 
	 
		Serializability and leaves

		Defining restrictions on DAGs by requiring the existence of some
		  special ordering of the leaves, or by restricting which nodes dominate which
		  leaves, or both, is quite natural. For example, with a slightly different data
		  structure than noDAGs (GODDAGs), Sperberg-McQueen and Huitfeldt
		  SH2004 define interesting restrictions through criteria
		  involving the sets of leaves dominated by internal nodes.

		The following example, however, shows that no criteria involving
		  only the leaves can guarantee serializability for noDAGs in general. We exhibit
		  (Figure one-leaf) a noDAG with only one leaf, which is not
		  completion-acyclic and, thus, by Theorem 1, not serializable. As can be seen on
		  Figure one-leaf-SB, its SB-completion has the cycle CDFC
		  (here again, added arcs obtainable by transitivity are not shown).

		[image: ../../../vol1/graphics/Marcoux01/Marcoux01-014.png]
			 
				Figure 9. Non-completion-acyclic noDAG with only one
				  leaf.
			 

		[image: ../../../vol1/graphics/Marcoux01/Marcoux01-015.png]
			 
				Figure 10. SB-completion of the noDAG on Figure
				  one-leaf.
			 

	 
  
  
	 Applications

	 Perhaps the most important application of this characterization is to
		allow the precise definition of a DOM (document object model) for overlapping
		markup documents, and the inclusion of serializability verification functions
		in software products (editors, etc.) based on a DOM representation of
		documents.

	 Among other things, it would allow a graph-interface document editor
		to determine whether or not some node-oriented operation attempted by an author
		(node creation or displacement) preserves the serializability of the
		graph.

	 Another application area is the validation of documents. Validation is usually defined
		on the serialized form of documents. However, in some cases, validation on the
		graph (or DOM) structure is preferable. To be able to define validation
		mechanisms on the graphs of documents, it is
		important to know precisely the structural properties of exactly those graphs
		that the validation mechanism must be able to handle. The kind of
		characterization we provide here is a useful and precise description of the
		exact class of graphs that all validation mechanisms must be able to deal
		with.

  
  
	 Conclusion and future work

	 In this article, we established a necessary and sufficient condition
		for a node-ordered graph (noDAG) to correspond to the structure of an
		overlapping markup document, such as a well-formed TexMECS document that uses
		only overlapping markup (and no interrupted or virtual elements). That
		characterization provides a criterion which graph-based (e.g., DOM-based)
		applications can test to determine if a graph can be serialized into a document
		using only overlapping markup. Future work includes establishing the complexity
		of testing the criterion and finding optimal algorithms to do so.

	 A consequence of that characterization is that, for overlap-only
		markup, no expressivity is to be gained by allowing authors to arbitrarily
		order the nodes, over and above specifying the parent-child relationships and
		ordering siblings, as those two combined determine entirely and uniquely the
		serialized document.

	 We also showed that all well-formed
		overlapping-markup documents can be obtained by serializing some graph that
		satisfies the criterion. Thus, an editor offering only a graph-based interface
		(and no plain-text view), and allowing only the creation of graphs that satisfy
		the criterion, would still be complete, in that it would permit the creation of
		any well-formed overlapping-markup
		document.

	 A corollary to our proofs is that round-tripping between noDAGs and
		TexMECS documents is possible. This means that algorithms can be given to
		transform any TexMECS document into a (labelled) noDAG, and any serializable
		(labelled) noDAG into a TexMECS document, in such a way that applying the two
		transformations one after the other will give essentially the original object.
		Developing efficient algorithms to do this, and appropriate definitions of
		canonical forms is something we want to investigate in the future.

	 We also believe that relaxing somewhat the conditions in Theorem 1
		could characterize variants of overlap-only TexMECS, for example, a variant in
		which overlapping markup is prohibited, but interrupted elements are allowed.
		This is also on the future work agenda.

	 Finally (and this is actually what brought us to overlapping markup
		in the first place), we would like to investigate what sort of
		“natural” intertextual semantics might be defined for overlapping
		markup.
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Notes
It is representable in TexMECS, but only with features more
				powerful than overlapping markup; see the section on TexMECS.

		  
View note in Notes section
The proofs, however, would need to be slightly more complex,
				because the set ranges(D) would not necessarily have distinct boundaries any
				more.

View note in Notes section
A (⇒G)-minimal-upper-bound (mub)
				of b and c is any node m such that (m ⇒G b) and
				(m ⇒G c), and such that, for all descendants e of
				m, (e ⇏ b) or (e ⇏ c). Since we assumed G is finite and has a
				single root, a simple argument shows that at least one
				(⇒G)-mub exists for all b and
				c.

View note in Notes section

	[1]It is representable in TexMECS, but only with features more
				powerful than overlapping markup; see the section on TexMECS.

		  

	[2]The proofs, however, would need to be slightly more complex,
				because the set ranges(D) would not necessarily have distinct boundaries any
				more.


	[3]A (⇒G)-minimal-upper-bound (mub)
				of b and c is any node m such that (m ⇒G b) and
				(m ⇒G c), and such that, for all descendants e of
				m, (e ⇏ b) or (e ⇏ c). Since we assumed G is finite and has a
				single root, a simple argument shows that at least one
				(⇒G)-mub exists for all b and
				c.
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        Introduction

        Ten years after its endorsement by the World Wide Web Consortium, XML has achieved a high degree of adoption within numerous, disparate communities and in a vast range of application domains, from standards for electronic filing of federal income tax  (mcdo02) to user interface design (mcdo01).   The digital library community has been an active and early adopter of XML, for use in structuring both content and  metadata.  The reasons for this rapid uptake of XML within the digital library community are familiar to anyone with experience in the world of markup languages:
            

                	XML helps ensure platform (and perhaps more critically vendor) independence;


                	XML provides the multilingual character support critical to the handling of library materials;


                	XML's extensibility and modularity allow libraries to customize its application within their own operating environments;


                	XML helps minimize software development costs by allowing libraries to leverage existing, open source development tools;


                	XML, through virtue of being an open standard which enables descriptive markup, may assist in the long-term preservation of electronic materials; and perhaps most importantly


                	XML provides a technological basis for interoperability of both content and metadata across library systems.


            

            For all of these reasons, XML-based content standards such as the Text Encoding Initiative (TEI) have seen wide adoption within the library community, and librarians have been actively engaged in the development of a number of XML-based metadata standards, including Encoded Archival Description (EAD), Metadata Object Description Schema (MODS), Metadata Authority Description Schema (MADS), Metadata Encoding and Transmission Standard (METS), Metadata for Images in XML (MIX), MPEG-21 Digital Item Declaration Language (DIDL), Open Archives Initiative Object Reuse and Exchange (OAI-ORE), Preservation Metadata Implementation Strategies (PREMIS) and many others.  XML is now widely used throughout the research library world, and is a fundamental part of the infrastructure developed within the digital library community over the past decade. 

        Despite its success, however, XML has not lived up to many librarians' expectations within one area, that of interoperability.  Efforts to exchange information employing XML incarnations of descriptive metadata standards such as Dublin Core have fallen prey to a number of encoding and semantic inconsistencies (mcdo05).  Perhaps more surprising is the failure of XML to ensure interoperability at a syntactic level.  Digital library developers have expected that shared use of an XML standard for structuring of content and metadata (what is commonly called "structural metadata" within the digital library community) would ensure content interoperability and provide a clean division between content and higher level tools and services designed to work with standardized encodings of that content (mcdo09).  In practice, this goal has proved extraordinarily elusive. Experiments conducted by participants in the Library of Congress National Digital Infrastructure for Preservation Program (NDIIPP)[1] to test the exchange of digital objects between repositories failed even when participants were using the same XML-based encoding format and producing valid XML instances to exchange (mcdo03, mcdo04).

        While some of the failures experienced by the Library of Congress NDIIPP tests were the result of incompatible repository infrastructure, others resulted from mismatched expectations regarding the appropriate use of METS, the XML format employed for the test.  DiLauro et al., discussing Johns Hopkins University's experience in the NDIIPP tests, state:
            
Stanford commented after their ingest of the JHU archive that they had expected one METS object for the entire archive. Because our approach resulted in many METS files — on the order of the number of items in the archive — the Stanford ingest programs experienced out-of-memory conditions. This situation may have been ameliorated had they used the reference code provided by JHU; however, this will be an area that we will look into for future archive ingest projects.

                This matter points to a broader issue observed during the various import processes of this phase. Though three of the four non-LC participants (including JHU) used METS as part of their dissemination packages, each of our approaches was different. Clearly there would be some advantage to working toward at least some common elements for these processes (mcdo03).


        As DiLauro et al. allude, a critical difficulty for achieving interoperability using structural metadata standards such as METS is the level of flexibility they enable in structuring a description of an object.  As (mcdo06) note in their discussion of using the MPEG-21 Digital Item Declaration Language during the NDIIPP test, it is possible to map a single object into multiple different encodings using MPEG-21, depending on the level of granularity you wish to employ in the description.  The same is true of METS and other, similar information packaging standards.  They each provide a structural grammar for the encoding of complex digital objects, and document authors can and do find a variety of different ways to talk about the structure of a single object using one of those grammars.

        To date, the digital library community has treated these interoperability issues surrounding structural metadata standards as a technical problem demanding a technical solution.  Most efforts to solve the interoperability problems around structural metadata have focused on the use of a profiling mechanism to further constrain the creation of instance documents conforming with the XML schema, sometimes in conjunction with a validation mechanism (such as Schematron) to test instance documents conformance with the additional requirements established in the profile (mcdo07, mcdo08).  However, while these mechanisms may be successful in insuring interoperability within a narrowly defined local context, they are not in themselves any guarantee of interoperability at the scale envisioned by digital library projects such as Aquifer (mcdo10), which hope to promote the ready exchange and interoperability of digital library content among a multitude of institutions.  The official METS profile registry already contains a variety of mutually incompatible profiles for similar types of objects.[2] Allowing the specification of local profiles may formalize the problem, but it does not solve it.

        If we are to deal with the issues of interoperability that continually manifest themselves in the realm of structural metadata standards for digital libraries, I believe we need to cease viewing this purely as a technical problem, and acknowledge that it is the result of the interplay of a variety of technical and social factors.  The XML standards for structural metadata employed by the digital library community represent cases of sociotechnical systems, and only when we have analyzed the social, as well as the technical, components of these systems will we be in a position to suggest how they may be optimized to achieve the goals of their users.

    
    
        A Sociotechnical View of XML

        All of the existing and developing standards for structural metadata[3] within the digital library community are XML-based.  Any sociotechnical examination of these standards therefore must start with at least some consideration of XML itself.  (mcdo11) argues that
            
...when technologists define the characteristics of their objects, they necessarily make hypotheses about the entities that make up the world into which the object is to be inserted.  Designers thus define actors with specific tastes, competences, motives, aspirations, political prejudices, and the rest, and they assume that morality, technology, science, and economy will evolve in particular ways.  A large part of the work of innovators is "inscribing" [emph. original] this vision of (or prediction about) the work in the technical content of the new object (mcdo11, pp. 207-208).


            Our question with respect to XML, then, is what worldview have XML's authors inscribed within it and what influence has that had on XML's uptake and use within the digital library community.

        We can learn a great deal about the viewpoints of a particular technology's designers from the documents they author which either help define and implement the goals for the technology (e.g., use cases, user needs analysis, specification documents), or which attempt to explain or promote new technology to potential users.  If we look at the original XML Recommendation, we can find a relatively clear set of goals for the technology in the "Origin and Goals" section:
        

            
                    	XML shall be straightforwardly usable over the Internet.


                    	XML shall support a wide variety of applications.


                    	XML shall be compatible with SGML.


                    	It shall be easy to write programs which process XML documents.


                    	The number of optional features in XML is to be kept to the absolute minimum, ideally zero.


                    	XML documents should be human-legible and reasonably clear.


                    	The XML design should be prepared quickly.


                    	The design of XML shall be formal and concise.


                    	XML documents shall be easy to create.


                    	Terseness in XML markup is of minimal importance (mcdo12).


                

        

        These goals convey some of the world view that XML's designer brought to bear in creating the technology.  It is clear that they saw XML as a transmission format for communications (hence the requirement that it be usable over the Internet).  They believed that XML's success was contingent upon it being flexible enough to "support a wide variety of applications."  They also clearly believed that for XML to succeed it must be easy to use, but they also recognized that the meaning of 'ease of use' is contingent upon the use one might make of the technology.  Ease of use for a document author ("XML documents shall be easy to create," "XML documents should be human-legible and reasonably clear") is a good deal different from ease of use for a software developer ("It shall be easy to write programs which process XML Documents," "The design of XML shall be formal and concise").

    This relatively small set of goals for the XML language was further elaborated upon by members of the original W3C XML Working Group in a variety of papers they authored to introduce and clarify XML to its potential user community.  (mcdo13) further defines the goals of XML as supporting the user needs of "extensibility, to define new tags as needed," "structure, to model data to any level of complexity," "validation, to check data for structural correctness," "media independence, to publish content in multiple formats," and "vendor and platform independence, to process any conforming document using standard commercial software or even simple text tools."  The benefits adhering to XML's providing a standardized format include "complete interoperability of both content and style across applications and platforms; freedom of content creators from vendor control of production tools; freedom of users to choose their own views into content; easy construction of powerful tools for manipulating content on a large scale; a level playing field for independent software developers; and true international publishing across all media."  Emancipatory language is invoked repeatedly here through the use of the terms 'freedom' and 'independence,' particularly  affording users the freedom "to define new tags" and in so doing "choose their own views into content."  A key benefit to XML in this world view is the freedom it provides users to define their own structure for documents and data, using their own semantics, and to escape restrictions that software vendors (through their own inscriptions in their own products) might wish to impose on their users.  Other articles by members of the XML Working Group (see, for example, mcdo14 and mcdo15) reiterate a vision of XML as a technology allowing users to define their own structures while simultaneously supporting interoperability of documents and data on a global scale.

        The XML 1.0 Recommendation can be seen as bearing the inscription of its designers' ideological stance towards appropriate mechanisms for data and document structuring as well as appropriate relationships between document creators and software and platform vendors.  The effort to promote a meta-language over any specific markup language, the adoption of Unicode as a basic character set, and the elimination of SGML features such as CONCUR, OMITTAG and SUBDOC are some of the technological means through which XML's designers sought to normalize and reify a particular set of social and technological relationships.  Nor did this process stop with the release of the XML 1.0 recommendation in 1998.  The period between February 1998 and October 2001 saw the development and release of a plethora of additional XML specifications, including XML Namespaces, XSLT, XPath, XML Schema, XLink/XBase, XML Information Set and XSL-FO, as well as a variety of XML software tools including parsers, editors and stylesheet engines.  All of these various technological objects presented their own opportunities for their designers to further refine the ideological inscription carried within the XML 1.0 Recommendation.  One of these objects in particular, the Namespaces in XML Recommendation, deserves further examination due to its significant impact on structural metadata standards developed by the digital library community.

        (mcdo16) provides the following justification for the introduction of a formal namespace mechanism into XML:
        

            We envision applications of Extensible Markup Language (XML) where a single XML document may contain elements and attributes (here referred to as a "markup vocabulary") that are defined for and used by multiple software modules. One motivation for this is modularity; if such a markup vocabulary exists which is well understood and for which there is useful software available, it is better to re-use this markup rather than re-invent it.

                Such documents, containing multiple markup vocabularies, pose problems of recognition and collision. Software modules need to be able to recognize the tags and attributes which they are designed to process, even in the face of "collisions" occurring when markup intended for some other software package uses the same element type or attribute name.

        

            A strong motivating force for the Namespaces in XML recommendation, then, was a desire to promote modularity in the design and implementation of markup languages.  Interoperability was also cited by the World Wide Web Consortium in the introduction of Namespaces in XML (mcdo17).  Fundamentally, the authors of the Namespaces in XML recommendation wanted to simplify XML document authors' lives by insuring that they did not need to reinvent markup languages which already existed, and that they could readily mix elements and attributes conforming to disparate schemas within a single document instance without worrying about collisions between element and attribute names.

        While it was not widely recognized at the time, the combination  of the XML namespaces and the XML Schema recommendations provided the digital library community with the precise combination of tools that it had been seeking for some two years, since the publishing of the Warwick Framework document (mcdo18).  The Warwick Framework described a container architecture that would allow a digital library practitioner to bind together and encapsulate different forms of metadata describing a particular object, utilizing a modular system in which different forms of metadata could be plugged in as needed into the larger framework.  The description of the Warwick Framework in the original proposal document bears at least some similarity to the list of benefits for XML itself included above:
        

            
                	It allows the designers of individual metadata sets to focus on their specific requirements and to work within their specific areas of expertise, without concerns for generalization to ultimately
                unbounded scope.


                	It allows the syntax of metadata sets to vary in conformance with semantic requirements, community practices, and functional (processing) requirements for the kind of metadata in question.


                	It distributes management of and responsibility for specific metadata sets among their respective "communities of expertise".


                	It promotes interoperability and extensibility by allowing tools and agents to selectively access and manipulate individual packages and ignore others.


                	It permits access to different metadata sets related to the same object to be separately controlled.


                	It flexibly accommodates future metadata sets by not requiring changes to existing sets or the programs that make use of them.


            

        

        While initial discussion of specific implementations of the Warwick Framework focused on RDF (see mcdo19), the release of the XML Namespace and Schema recommendations seemed to provide the exact combination of flexibility, modularity, extensibility and interoperability that the digital library community needed for such a framework.

        
    
    
        Structural Metadata Standards & the Digital Library Community

        In the same year that the XML 1.0 Recommendation was released, a research project undertaken by U.C. Berkeley Library, Cornell University Library, New York Public Library, Penn State University Library and Stanford University Library sought "to develop best practices for the encoding of intellectual, structural and administrative data about primary resources housed in research libraries" (mcdo20). The project, known as the Making of America II (MOA2), sought to test its notions of "best practices" by developing a test bed repository of digital library materials that would be created by the participating institutions; the content and metadata for these digital library objects were to be transmitted to the central repository, housed at the U.C. Berkeley Library, using a transmission format to be developed by the project.

        Given the participants' prior experience using SGML standards such as TEI and EAD, and the recent release of the XML 1.0 Recommendation, it was decided that the transmission format should be developed using XML.  This format, known as the MOA2 DTD[4], was intended to convey descriptive metadata and administrative metadata about a digital library object, as well as providing a structural metadata framework which allowed MOA2 document authors to describe the logical or physical structure of a work (e.g., 'this is a book with chapters' or 'this is a bound volume with pages'), to associate portions of that structure with digital files representing the content of each portion, and to associate descriptive and administrative metadata with either segments of the work, or with the digital content files themselves.  As the transmission format needed to support a variety of work genres (including still photographs, journals, ledgers and diaries), the elements for describing the structure of the object were highly abstract.  Drawing upon previous work done by the Text Encoding Initiative, the MOA2 DTD represented the structure of any digital library object as a series of nested <div> elements.  Child <fptr> elements underneath a <div> associated the <div> with digital content files, and a variety of XML ID/IDREF attributes were used to link <div> elements and content files with descriptive and administrative metadata.

        While the MOA2 DTD was reasonably successful, experiments with the use of the format outside the original research project revealed several deficiencies, including a lack of support for time-based media, and what was seen by members of the digital library community as an excessively restrictive model with respect to the descriptive and administrative metadata allowed within a MOA2 document.  In this latter regard, the MOA2 DTD was viewed as not living up to the promise of modular design and flexibility that should be upheld in XML schema design.  A successor effort, METS, was launched in 2001 to try to improve on the MOA2 DTD.  The METS format retained a very similar model for structuring a digital library object (with a few extensions to support time based media), but implemented a far more permissive structure with respect to descriptive and administrative metadata and was created using an XML Schema, rather than a DTD, in order to exploit XML namespaces and their further promise of modularity and schema reuse. The general structure for an object such as a digitized book in METS might look like this:
        

<?xml version="1.0" encoding="UTF-8"?>
<mets xmlns="http://www.loc.gov/METS/"
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xmlns:xlink="http://www.w3.org/1999/xlink"
xsi:schemaLocation="http://www.loc.gov/METS/ http://www.loc.gov/standards/mets/mets.xsd">
    <dmdSec ID="DM1" >
        <mdWrap MDTYPE="OTHER">
            <xmlData><meta>Descriptive Metadata for Book</meta>
            </xmlData>
        </mdWrap>
    </dmdSec>
    <amdSec>
        <techMD ID="AM1">
            <mdWrap MDTYPE="OTHER">
                <xmlData><meta>Administrative metadata applicable
                to TIFF files</meta></xmlData>
            </mdWrap></techMD>
    </amdSec>
    <fileSec>
        <fileGrp>
            <file ID="F1" ADMID="AM1"><FLocat LOCTYPE="URN"
            xlink:href="urn:x-mets:Location_of_Page_One_TIFF_Image"/></file>
            <file ID="F2" ADMID="AM1"><FLocat LOCTYPE="URN"
            xlink:href="urn:x-mets:Location_of_Page_Two_TIFF_Image"/></file>
            <file ID="F3" ADMID="AM1"><FLocat LOCTYPE="URN"
            xlink:href="urn:x-mets:Location_of_Page_Three_TIFF_Image"/></file>
        </fileGrp>
    </fileSec>
    <structMap>
        <div TYPE="book" DMDID="DM1">
            <div TYPE="chapter">
                <fptr FILEID="F1" />
                <fptr FILEID="F2" />
                <fptr FILEID="F3" />
            </div>
        </div>
    </structMap>
</mets>
        

        The goal of representing the structure of a work as a hierarchy of nested <div> elements with TYPE attributes was to have a relatively simple, abstract hierarchical structure that could be readily applied to a variety of materials.  This was intended to promote the adoption of the standard (a single, simple standard is more likely to be adopted than a variety of complex ones), which in turn was seen as promoting interoperability.  Having all of the digital library community using a single standard for structuring content and metadata would certainly be preferable to the community adopting a variety of disparate standards.

        It should be noted that this move towards abstraction was a relatively significant break from the SGML design practices that many research libraries had been using to date.  While it is true that the notion of using nested <div> elements was derived from the TEI text apparatus, TEI does not rely on pure abstraction; one does not expect to encounter encoding such as <div type="figure"> in a TEI document, when a <figure> element is available to use.  Just as XML itself, the METS schema carries an inscription of its designers' worldview, that it was preferable to develop a single, simple, generalizable, highly abstract model and encoding mechanisms to structure content and metadata for digital library objects, rather than to pursue the development of a variety of highly specific schemas (one for photographs, one for journals, etc.), or a grand encompassing schema that contained elements appropriate to different genres that could be combined as needed (e.g., the TEI model).  Despite its use of the abstract <div> element with a TYPE attribute to represent the structural components of a digital library object, however, the METS schema insisted on the use of more specific concrete elements to identify different forms of metadata, with the <dmdSec> element used for descriptive metadata and the <amdSec> element used for administrative metadata, along with a series of subelements for different forms of administrative metadata (technical, rights, provenance and source).  This typification of different forms of metadata was itself an effort to promote modularity in further metadata schema development.  By identifying specific subclasses of metadata within the METS schema, METS' designers hoped to encourage XML developers in the digital library world to create discrete, specialized metadata standards that would align with those subclasses, and that those encoding digital library objects could then select from a set of such modular XML metadata standards in composing a particular object.  Through METS' design, its implementers consciously sought to encourage the adoption of modular schema design practices within the digital library community.

        The digital library community was obviously not the only community in the late 1990s that recognized the potential benefits of XML, nor was it the only community to develop standards for structural metadata based on this notion of a highly abstract structure.  In October of 2000, the Moving Picture Experts Group (MPEG) issued a call for proposals for "digital item declaration."  This work culminated in the release of the MPEG-21 Digital Item Declaration (ISO/IEC 21000-2) standard in 2003.  While MPEG-21 is similar to the METS standard in employing a rather abstract hierarchical structural mechanism for ordering content and metadata, it differs inasmuch as non-structural metadata (<Descriptor> elements in MPEG-21 parlance) are not typed, and structural metadata elements, while still rather abstract, are of three different types: <Container>, <Item> and <Component>.  Our METS example above, if translated into MPEG-21 DIDL format, might take the following format:
        

<DIDL xmlns="urn:mpeg:mpeg21:2002:01-DIDL-NS"
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:schemaLocation="urn:mpeg:mpeg21:2002:01-DIDL-NS
file:/Users/jeromemcdonough/Documents/GSLIS/Research/OAIORE/MPEG21.DIDL.OFFICIAL.xsd">
    <Container>
        <Item>
            <Descriptor id="DM1">
                <Statement mimeType="text/xml"><meta>Descriptive
                Metadata for Book</meta></Statement>
            </Descriptor>
            <Descriptor id="AM1">
                <Statement mimeType="text/xml"><meta>Administrative
                Metadata Applicable to TIFF Files</meta></Statement>
            </Descriptor>
            <Item>
                <Component>
                    <Descriptor><Reference target="#AM1" /></Descriptor>
                    <Resource mimeType="image/tiff" 
                    ref="urn:x-mets:Location_of_Page_One_TIFF_Image">
                    </Resource>
                </Component>
                <Component>
                    <Descriptor><Reference target="#AM1" /></Descriptor>
                    <Resource mimeType="image/tiff"
                    ref="urn:x-mets:Location_of_Page_Two_TIFF_Image" />
                </Component>
                <Component>
                    <Descriptor><Reference target="#AM1" /></Descriptor>
                    <Resource mimeType="image/tiff"
                    ref="urn:x-mets:Location_of_Page_Three_TIFF_Image" />
                </Component>
            </Item>
        </Item>
    </Container>
</DIDL>
        

        While it obviously uses somewhat different element names and linking mechanisms than METS, MPEG-21 DIDL follows a very similar model, and has been successfully employed by several digital libraries.  The logical structure of the object is laid out via a hierarchical arrangement of <Container>, <Item> and <Component> elements, and various nodes in that tree structure can be associated with metadata via <Descriptor> elements, and content via <Resource> elements.

        If we examine the MPEG-21 standard to determine what inscriptions its designers have placed within it regarding its use, we find messages very similar to that of METS.  Structural metadata should be highly abstract, so that a very small set of elements can be employed to structure widely disparate content genres.  While METS was perhaps more vocal in trying to push the message that further development of metadata schemas should try to create small, focused and modular metadata sets that could be drawn upon as needed to encode a particular object, MPEG-21's use of <Descriptor> elements that can be associated with other elements throughout an MPEG-21 document conveys the same message.  Other structural metadata standards of interest to the digital library community employ similar mechanisms.  The XFDU standard for data archiving uses hierarchies of <ContentUnit> elements that may be associated with <dataObjects> and <metadataObjects>.  The IMS Content Packaging standard for learning objects uses hierarchies of <item> elements that may be associated with <resources> and <metadata>.  While implementations differ in details, the pattern is similar and widespread across the various structural metadata standards of concern to the digital library community.  Again and again we designers seeking to achieve wide adoption of their standard in order to promote interoperability between differing institutions; to secure this goal, they favor a highly abstract structural mechanism which can be applied to a wide variety of content, and mechanisms to allow a variety of additional metadata schema to 'plug and play' within the larger structural framework.

        While of perhaps some limited interest to social researchers of technology, none of the preceding seems particularly surprising or problematic.  That the designers of XML itself, and of encoding standards for digital library metadata and content, should favor flexibility, extensibility, modularity and the use of abstraction to support the generalizability of their standard, and hence promote its widespread adoption to help achieve interoperability, would not be a great shock to anyone who has spent more than five minutes in the company of technologists.  These are all considered almost innate goods among software engineers in general and markup language enthusiasts in particular.  Yet the NDIIPP tests cited previously would seem to indicate that flexibility, extensibility, modularity and abstraction are not in and of themselves sufficient to achieve interoperability.  So what, specifically, is the problem that METS and other structural metadata standards are encountering?

    
    
        Why is XML like a rope?

        One of the earliest discussion points in the development of the METS standard was which of the various elements within the schema should be declared mandatory and which optional.  After some discussion among the members of the working group that established METS' original design, it was decided that the <structMap> element, which records the basic tree structure on to which content files and metadata are mapped in METS, would be the only required element.  METS, in the group's opinion, was fundamentally a structural metadata standard; it existed to provide a framework into which other descriptive and administrative metadata, as well as content, could be placed.  The <structMap> element provided the tree upon which all of the other structural components of METS where hung, where the logical and physical structure of a work could be delineated, and so was really the core of a METS file and the only section that needed to be mandatory.  As the <structMap> was the only mandatory portion of a METS file, it was also expected that any structural description of a work should reside there; software that would process a METS file would expect to find logical or physical descriptions of the structure of a work residing within a structural map, and not elsewhere in the METS file.

        It was a matter of some surprise for many in the METS community, then, when the Library of Congress, which serves as the maintenance agency for the METS standard, began to produce METS files for digital versions of certain kinds of audio recordings which placed the logical structure of the works in MODS records contained within the METS descriptive metadata section (<dmdSec>) rather than in the structural map, and registered a profile of METS establishing this as their formal internal practice for 'recorded events' (mcdo21).  The MODS record within a METS file would provide a logical structure for the work using a hierarchical arrangement of the MODS <relatedItem> element, while the METS <structMap> would contain the physical structure, with ID/IDREF links used to draw connections between the two structural descriptions.  A recorded concert, for example, might have a MODS record containing a hierarchy such as this[5]:
            

<mods:mods xmlns:mods="http://www.loc.gov/mods/v3"
xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
xsi:schemaLocation="http://www.loc.gov/mods/v3
http://www.loc.gov/standards/mods/mods.xsd">
    <mods:titleInfo>
        <mods:nonSort>The </mods:nonSort>
        <mods:title>1946 Library of Congress recital</mods:title>
    </mods:titleInfo>
    <mods:relatedItem type="constituent" ID="DMD_disc01_tr001">
        <mods:titleInfo type="uniform"><mods:partName>Chaconne
        von Vitali</mods:partName></mods:titleInfo>
    </mods:relatedItem>
    <mods:relatedItem type="constituent" ID="DMD_disc01_tr002_005">
        <mods:titleInfo><mods:title>Sonata in G minor, BWV 1
        001</mods:title></mods:titleInfo>
        <mods:relatedItem type="constituent" ID="DMD_disc01_tr002">
            <mods:titleInfo><mods:partName>Adagio</mods:partName>
            </mods:titleInfo>
        </mods:relatedItem>
        <mods:relatedItem type="constituent" ID="DMD_disc01_tr003">
            <mods:titleInfo><mods:partName>Fuga : allegro</mods:partName>
            </mods:titleInfo>
        </mods:relatedItem>
        <mods:relatedItem type="constituent" ID="DMD_disc01_tr004">
            <mods:titleInfo><mods:partName>Siciliano</mods:partName>
            </mods:titleInfo>
        </mods:relatedItem>
        <mods:relatedItem type="constituent" ID="DMD_disc01_tr005">
            <mods:titleInfo><mods:partName>Presto</mods:partName>
            </mods:titleInfo>
        </mods:relatedItem>
    </mods:relatedItem>
    <mods:relatedItem type="constituent" ID="DMD_disc01_tr006">
        <mods:titleInfo><mods:title>Paganiniana : variations</mods:title>
        </mods:titleInfo>
    </mods:relatedItem>
    <mods:identifier type="lccn">99594334</mods:identifier>
</mods:mods>
            


        while the structural map would record the physical structure of the work as follows:

        

<div TYPE="cd:compactDiscObject" DMDID="MODS1">
    <div TYPE="cd:disc">
        <div DMDID="DMD_disc01_tr001" TYPE="cd:track"></div>
        <div DMDID="DMD_disc01_tr002" TYPE="cd:track"></div>
        <div DMDID="DMD_disc01_tr003" TYPE="cd:track"></div>
        <div DMDID="DMD_disc01_tr004" TYPE="cd:track"></div>
        <div DMDID="DMD_disc01_tr005" TYPE="cd:track"></div>
        <div DMDID="DMD_disc01_tr006" TYPE="cd:track"></div>
    </div>
</div>
        

        This represents a valid use of METS (in the technical XML sense), but is a departure from expected practice, which would be to include two structural maps within the METS file, one representing the physical structure and the second representing the logical structure of the work.

        This example demonstrates two problems that have been impeding the development of interoperable content within the digital library community.  The first is that the implementation of highly abstract elements for the definition of structure provides a tremendous amount of flexibility to document encoders; there is a vast number of potential encodings of any given object in METS, with variations possible in depth of structure (do I limit my structure to musical movements or do I provide structural information to the measure level?), labeling (you say TYPE="book", I say TYPE="monograph"), and arrangement (should the Lord of Rings film trilogy be encoded as a single METS file?  Three METS files?  Three METS files for the individual films and a fourth representing the abstract notion of the Trilogy?).  This can lead to significant variation in encoding practices, even between two institutions dealing with remarkably similar material and using the same metadata standards, as noted by (mcdo03).

        The second problem is what we might call the problem of standards independence.  The various metadata schema standards which have been developed with the help of the digital library community during the past decade have all been created with the understanding that in order to ensure their usefulness in a variety of different organizations and environments, they should not contain inherent dependencies on other schemas; they need to be able to express all of the information necessary for their particular domain on their own.  For many of these standards, the designers recognized a need to be able to account for relationships between various content objects being described by the standard, whether the description being applied was the more traditional form of intellectual description you would expect in a library catalog, or a technical description of the composition of a TIFF image.  The result has been that a number of common metadata schemas within the digital library field contain elements for expressing structural metadata: Dublin Core has its <relation> element, MODS has its <RelatedItem> element, the PREMIS schema for preservation metadata has a <relation> element, even the MIX standard for still image technical metadata contains an element for referencing previous image metadata.  As the standards' developers felt they should not make their efforts dependent on structural metadata mechanisms in other standards, they implemented their own.  Unfortunately, with the addition of each new metadata standard containing structural metadata capabilities, the potential for difficulties with our first problem increases.  Every new metadata standard within the digital library community seems to add another mechanism for describing the structural relationships between content objects, and hence greater potential for variation in object encoding practices.

        The irony is that both these problems derive from the flexibility, extensibility, modularity and use of abstraction to create structural metadata elements of wide applicability that the designers of the metadata schemas hoped to promote.  The potential range of variation in encoding structural metadata is the result of each of these factors.  The use of abstraction in METS (i.e., the <div> element) was an attempt to make the standard flexible in application; however, it opens up a tremendous degree of play in encoding practice.  If you ask two different individuals how many page breaks there are in a text, the likelihood that they will get the same answer is a good deal greater than if you ask them how many divisions there are in a text.  The use of abstraction opens up encoding to a much greater degree of personal interpretation, and hence variation.  The extensibility of METS and the hope to promote a modular system of metadata schema reuse that its authors inscribed within it open up the possibility of using other metadata schemas to encode structural metadata.  And it was this same desire for flexibility and modularity that has led other metadata schema designers to include structural metadata components in their own schema; they wanted to ensure that their own efforts were flexible enough to be applied in a variety of settings, and with a variety of other schemas.  But having to design their own schema without knowing the specific supporting capabilities to be found in other schemas with which their own might be used, they are inevitably forced to create structural metadata capacities of their own within their schema.  The designers of metadata schemas (structural or otherwise) within the digital library community have sought to adhere to a particular set of design practices, seeking to create flexible, extensible, modular and generalized tools, and to promote like practice in others through inscription of their view of appropriate XML design within their technological artifacts.  Unfortunately, promoting such good practices has been a death blow to one of the principle reasons for adopting XML in the first place: to ensure interoperability of digital library materials across systems.  wide-scale interoperability requires wide-scale adoption, but the design practices of schema implementers intended to promote wide-scale adoption run directly counter to wide spread interoperability.

        Hence XML's similarity to a rope.  Like a rope, it is extraordinarily flexible; unfortunately, just as with rope, that flexibility makes it all too easy to hang yourself.

    
    
        Where do we go from here?

        The digital library community seems to face a dilemma at this point.  Through its pursuit of design goals of flexibility, extensibility, modularity and abstraction, and its promulgation of those goals as common practice through its implementation of XML metadata standards, it has managed to substantially impede progress towards another commonly held goal, interoperability of digital library content across a range of systems.  How then, should the community respond?

        One possible response to this situation would be to say that perhaps our community cares less about interoperability than we thought.  Despite the existence of projects such as the DLF Aquifer venture, it may be that interoperability is in fact a lower priority for the digital library community than it likes to believe, and the adoption of metadata standards that impede interoperability is merely a reflection of that underlying reality, and not a major problem to resolve.  There is at least some reason to suspect this may be the case.  Most research libraries have a clearly defined local clientele, and while voices within the digital library community have been calling for the liberation of content from local silos for some time (mcdo22), libraries' primary responsibility will always be to their local communities.  If systems developed to deliver digital library content to the local community are successful in that context, and if the costs associated with achieving much more widespread interoperability are high, then many libraries may decide that interoperability, while desirable, is a goal which may have to wait.

        If libraries do wish to make progress on the issue of interoperability of structural metadata, they will need to recognize that, as (mcdo23) observed, "every significant information processing standardization effort must skillfully negotiate competing and apparently irreconcilable objectives, [and] serve a wide variety of stakeholders with many different interests."  In the case of structural metadata, the particular competing objectives that the digital library community does not seem to have successfully reconciled to date are what (mcdo24), in a discussion of blogging practices, has labeled the problem of "control vs. connection."  The structural metadata standards which have been developed to date, with their emphasis on flexibility, extensibility and modularity have sought to afford local institutions the greatest degree of control possible in their encoding practices.  The standards are designed to allow any given institution to do what it wants.  This has obvious benefits in terms of easing adoption of the standard in any given context, and as a result insuring the standards' widespread adoption (obviously a good thing in a standard).  However, increasing the amount of local control over the ways in which a language is used and developed is fundamentally at odds with a language's ability to serve as a means for connection with others outside the local context.  It is, in essence, promoting the development of regional dialects at the expense of mutual intelligibility.  The particular case of structural metadata standards reveals that sufficient local variation in syntax, the ways in which people structure their objects using a markup language, can be as fatal to communication as variation in semantics.

        Given this fundamental tradeoff between control and connection, libraries wishing to promote interoperability of digital library content have two possible strategies.  The first, and most obvious, is to attempt to alter the balance currently struck between connection and control to more strongly favor connection.  There are several mechanisms which the library community might employ in pursuit of this strategy, including the design and use of schema which more significantly restrict both the means for recording the structure of objects and the ability to employ arbitrary additional schema within instance documents (or developing profiles of existing schema to achieve the same ends),  establishing formal rules of structural description (equivalent to rules of description used in cataloging for creating bibliographic records) dictating aspects of object encoding not susceptible to enforcement through XML's validation mechanisms, and mandating the use of particular controlled vocabularies and ontologies within document instances to record information such as a <div> element's TYPE attribute in METS.  Decreasing the possibility for local variation in encoding of structural metadata will certainly help improve digital libraries' capability to interoperate with each other.  However, removing local capacity for variation will also tend to reduce the number of institutions who are willing to use such a markup language.  If the digital library community, for instance, was to revise the METS standard to forbid any use of a <relation> or <RelatedItem> element in a descriptive metadata section to express the logical structure of a work, it would assist in insuring interoperability of digital content, but it might also very well mean losing the Library of Congress's support for the standard.  More importantly, however, such an approach seems to overlook one of the fundamental realities of the web environment: communities of practice no longer operate in splendid isolation from each other (if indeed, they ever did).  Even if libraries could agree on a structural metadata standard that enabled a significantly greater degree of support for interoperability than we find with today's standards, libraries must now interact with a variety of other communities (publishers, museums, archives, educational technology companies, etc.) that are also creating their own structural metadata standards.  The odds of our moving past this structural tower of Babel to achieve a single object encoding practice across all communities do not look promising, to say the least.

            The second, and I believe more promising, strategy is to accept that the need for local community control over encoding practices is a valid one, that regional 'dialects' of markup languages are inevitable, and that we must find ways to facilitate information exchange across the boundaries of different communities' markup vernacular.  However, this will require a significant shift in the digital library community's relationship to the notion of standards.  Specifically, I believe the library community needs to shift from its current singular focus on schema development to a dual focus on both schema development and translation between schemas.  It is worth noting here that the Library of Congress currently serves as maintenance agency for a variety of XML standards developed within the library community; if you examine the list of standards that they are maintaining (mcdo26), however, you will find that while there are several metadata standards listed, standardized stylesheets to enable conversion between formats are not listed here.

            Such stylesheets do exist in some cases.  The Library of Congress has, for example, provided stylesheets to enable conversion of MODS descriptive metadata records into MARC/XML format and back.  These efforts to formalize prior work that established cross-walks between different descriptive metadata standards are not, however, seen by the community as having the status and importance of standards, as exhibited by their omission from the 'Standards at the Library of Congress' web page.  If the digital library community wishes to support interoperability while simultaneously affording institutions localized control over encoding practices, that situation needs to change.  Enabling translation activity must be seen as important, if not more important, a standards activity than the creation of schema for metadata sets.

        A heightened emphasis on standardizing translation between markup languages will obviously mean further work on formalizing translations between markup languages using XSLT, and treating those with the level of attention and care that the community has lavished on metadata schema.  However, it might also be worth considering whether the notion of formal rules of structural description mentioned earlier might be of benefit in trying to achieve greater translatability between different markup languages.  As an example of what this might mean, consider the example of the 1:1 principle in Dublin Core (mcdo25), that a single Dublin Core record should describe one and only one resource.  The 1:1 principle provides guidance on the relationship between a metadata record and a described resource that is applicable outside the realm of Dublin Core; in fact, several other descriptive metadata standards developed since Dublin Core have made reference to the 1:1 principle as a guide to usage.  We could easily envisage similar principles being developed for structural metadata that could guide usage of a variety of different structural metadata standards, and by working to insure similar use practices, would help insure ease of translation between different structural markup languages.  We might, for instance, take as a working principle that any given structural metadata document should never contain more than two levels of structural hierarchy.  Our METS example above passes muster with this rule; if, however, we modified it so that a third level of <div> elements was needed (of TYPE 'subchapter', for example), then we would be in violation of this principle.  To fix this problem, we could employ METS' <mptr> element to allow the <div> elements for each chapter to reference separate METS files containing the structural descriptions for the individual chapters.  Through the establishment of common principles of structural encoding and standardized stylesheets for translation, we might be able to improve our ability to interoperate while simultaneously retaining some flexibility for local encoding practice (although obviously adoption of common principles of structural encoding may impede local control in favor of connection to some degree).

            The rise of the network information society is presenting libraries with a variety of new challenges.  Perhaps the most significant of these is the heightened degree of interaction with communities of practice that do not share libraries' standards, practices or values.  If libraries are to survive and thrive in this new information society, they must alter their own value structure to prioritize communication with other communities to an equal, if not greater, extent than internal communication between libraries.  If they pursue this course, they may find that issues of internal interoperability of library systems are more tractable than they have appeared to date.
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Notes
For more information regarding NDIIPP, see http://www.digitalpreservation.gov/

        
View note in Notes section
See http://www.loc.gov/standards/mets/mets-registered-profiles.html for the set of formally registered METS profiles.

            
View note in Notes section
I am including within this set the Metadata Encoding & Transmission Standard (METS, see http://www.loc.gov/standards/mets/), the MPEG-21 Digital Item Declaration Language (DIDL, see http://www.chiariglione.org/mpeg/standards/mpeg-21/mpeg-21.htm), the Open Archives Initiative Object Reuse & Exchange standard (OAI-ORE, see http://www.openarchives.org/ore/) and the Fedora Object XML specification (FOXML, see http://www.fedora-commons.org/documentation/2.2.2/userdocs/digitalobjects/introFOXML.html).  There are a variety of other structural metadata standards that are of particular interest to the digital library community, although not being developed within it, including standards for data archiving such as the XML Formatted Data Unit specification (XFDU, see http://sindbad.gsfc.nasa.gov/xfdu/) being developed by the Consultative Committee on Space Data Systems and standards for structuring content for e-learning systems such as the IMS Content Packaging specification (IMS-CP, see http://www.imsglobal.org/content/packaging/) developed by the IMS Global Learning Consortium and the Shareable Content Object Reference Model (SCORM, see http://www.adlnet.gov/scorm/index.aspx) developed by the United States Department of Defense.

            
View note in Notes section
See http://sunsite.berkeley.edu/moa2/papers/moa2dtd2.htm to see an HTML version of the DTD.

        
View note in Notes section
Complete MODS & METS records for this example can be found at the Library of Congress webpage for the 1946 Library of Congress recital at http://lcweb2.loc.gov/diglib/ihas/loc.natlib.ihas.200003790/default.html

        
View note in Notes section

	[1]For more information regarding NDIIPP, see http://www.digitalpreservation.gov/

        

	[2]See http://www.loc.gov/standards/mets/mets-registered-profiles.html for the set of formally registered METS profiles.

            

	[3]I am including within this set the Metadata Encoding & Transmission Standard (METS, see http://www.loc.gov/standards/mets/), the MPEG-21 Digital Item Declaration Language (DIDL, see http://www.chiariglione.org/mpeg/standards/mpeg-21/mpeg-21.htm), the Open Archives Initiative Object Reuse & Exchange standard (OAI-ORE, see http://www.openarchives.org/ore/) and the Fedora Object XML specification (FOXML, see http://www.fedora-commons.org/documentation/2.2.2/userdocs/digitalobjects/introFOXML.html).  There are a variety of other structural metadata standards that are of particular interest to the digital library community, although not being developed within it, including standards for data archiving such as the XML Formatted Data Unit specification (XFDU, see http://sindbad.gsfc.nasa.gov/xfdu/) being developed by the Consultative Committee on Space Data Systems and standards for structuring content for e-learning systems such as the IMS Content Packaging specification (IMS-CP, see http://www.imsglobal.org/content/packaging/) developed by the IMS Global Learning Consortium and the Shareable Content Object Reference Model (SCORM, see http://www.adlnet.gov/scorm/index.aspx) developed by the United States Department of Defense.

            

	[4]See http://sunsite.berkeley.edu/moa2/papers/moa2dtd2.htm to see an HTML version of the DTD.

        

	[5]Complete MODS & METS records for this example can be found at the Library of Congress webpage for the 1946 Library of Congress recital at http://lcweb2.loc.gov/diglib/ihas/loc.natlib.ihas.200003790/default.html
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      Abstract
Atom feeds provide the ability to categorize both the feed and its
      entries. This categorization provides a simple and easy way for feed authors
      to associated terms and semantics to their feed contents. By using this
      categorization, authors can keep their information organized while
      re-purposing them to build dynamic web applications.
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    Lists, Stacks, and Piles


    If you could see my desk at home or my office, you'd probably find
    it a horrific disorganized disaster with post-it notes on the desktop and
    monitor, stacks of papers and other items, and giant pile at one end. On
    the other hand, I see it as disorganized ordered mess. I know where to
    find what I need and there is a system of lists, stacks, and piles.


    The post-it notes contain lists of things I need to do, information
    from "recent queries", reminders on one sort or another, and they are all
    ordered and carefully placed on my desk as to their importance. In
    relation to these lists, I have stacks of bills, papers, and other urgent items
    that need to be filed, where each stack has its purpose
    or category. Finally, I have giant pile of things that were
    formally in stacks. For some reason or another, they've expired but need
    to be filed. Someday I'll get around to that filing and make that giant
    pile not so giant anymore.


    It shouldn't surprise you to find that my computers are similarly
    organized. It is easy to recognize the stacks of documents shuttered into
    folders by their relationship to each other or my stacks of photos or
    videos from my camera. My desktop has become a giant "pile of things
    downloaded" overtime and the whole computer is somewhat of a giant pile of
    information I've retained.


    I've come to realized that this isn't going to change. What I need
    is for software and applications to adjust themselves to my way of storing
    information. Not finding what I needed and discovering the usefulness of
    Atom feeds, I created the open-source atomojo atomojo project to serve my "disorganized ordered
    mess" nature and store my information.


    What I discovered was that even though I'm a software developer and
    work with things are often tightly controlled and highly structured, much
    of the information I produce or interact with--media, information bits,
    documents of all kinds--tends to be loosely organized into "stacks" rather
    than tightly controlled "lists". This is especially true when it comes to
    media coming from personal interactions, family, vacations and other
    things not related to business.


    In fact, I'd say that the immense popularity of web search and the
    introduction of desktop search trends well with the idea that people
    generate stacks and piles of information that are loosely grouped
    together. I'd go even further to say that a "list" is a rare thing and can
    be hard to develop.


    Let's then face the fact that people don't produce lists
    as much as they produce stacks and piles.  Producing organized and
    structured information takes time and so we just shove our media, documents, and other
    information into the nearest stack (or pile) that looks appropriate. We do
    that with a slightly dishonest hope that we'll come back to it later and
    "get organized."


    In the end, this information should be the basis for the
    applications and communications that we share with others on the Internet.
    It could drive our websites, our picture galleries, and our commerce
    engines if we only had a way to get it organized. Thus, my messy desk led
    me to believe that if I got organized I could build better dynamic
    applications.

  

  
    Getting Organized with Atom Feeds


    Atom feeds are like stacks of objects. There is an order to the
    stack from the first entry to the last. You often have to sort through the
    entries from first to last to find what you want. But the feed has a
    purpose and so there is a loose relationship between each entry.


    While certain information resources have processable content, many
    others are not so easily searched. That is, an image is difficult to
    search against without human interaction unless there are annotations. As
    a result, the metadata encoded in the feed entry is very
    important.


    With the recent invention of the Atom Publishing Protocol
    (AtomPub) apprfc, creation and manipulation
    of both entries and their associated metadata is relatively easy. As such,
    rather than shoving that picture from your last vacation into the nearest
    folder, you can tuck it away nicely into a Atom feed. The consequence is
    the natural next step is to author some metadata.


    Entries have a rich vocabulary with which you can annotate your
    resources. Just by looking at the entry you can learn about the author,
    titles, summaries, and many other aspects. This enhances the
    ability to retrieve that object later.


    
      Term Categorization in Atom


      One of the interesting parts of the Atom vocabulary is the
      category element associated with both feeds and entries.
      This element has two important attributes called
      scheme and
      term. The scheme attribute is
      an URI value that qualifies or scopes the term
      attribute's value. The element itself can contain any content--text or
      elements--but none is defined by the Atom Syndication Format atomrfc.


      If you concatenate the scheme and term
      attribute values and assume a default for when the scheme
      attribute is omitted, the result is a URI. This
      value can be interpreted as a leaf term in some unnamed ontology
      that labels the entry or feed with that term. As the
      category element may contain content, a value can be
      associated with the term.


      This interpretation means that for each category
      element you get a RDF rdf triple. This
      triple is constructed such that the subject is the entry or feed,
      the predicate is the term URI, and the object is the value of the
      element. When the category element is empty, the value
      defaults to rdf:nil.

    

    
      Graphical Models for Terms


      Each feed generates a simple graphical model using the unique
      id element values to represent the subjects in the triples.
      For example, given the feed in Figure 1, “Example Feed”,
      the graph in Figure 2, “Feed Graphical Model” is generated using
      edge labels:


      
        	
          E: http://www.atomojo.org/O/type/entry

        


        	
          pets: http://www.atomojo.org/O/keywords/pets

        


        	
          kind: http://www.atomojo.org/O/keywords/kind

        


        	
          breed: http://www.atomojo.org/O/keywords/breed

        


        	
          color: http://www.atomojo.org/O/keywords/color

        


        	
          name: http://www.atomojo.org/O/keywords/name

        

      


      
<feed xmlns='http://www.w3.org/2005/Atom'>
<title>Pets</title> <id>id:feed:1</id>
<updated>2008-07-10T15:45:26-07:00</updated>
<category term='pets'/>

<entry>
<title>My Cat</title>
<id>id:entry:1</id>
<updated>2008-07-10T15:45:26-07:00</updated>
<category term='pet'/>
<category term='kind'>cat</category>
<category term='color'>tan/tiger</category>
<category term='name'>bruno</category>
<content type='image/png' src='bruno.png'/>
</entry>

<entry>
<title>My Dog</title>
<id>id:entry:2</id>
<updated>2008-07-10T15:40:17-07:00</updated>
<category term='pet'/>
<category term='kind'>dog</category>
<category term='breed'>siberian husky</category>
<category term='color'>white</category>
<category term='name'>hudson</category>
<content type='image/png' src='hudson.png'/>
</entry>

</feed>


      
Figure 1.Example Feed

      [image: Feed Graphical Model]
          
        
Figure 2.Feed Graphical Model
    

    
      Querying to Build Lists


      Being able to query your feeds becomes very important after enough
      content as been collected. That is, your feeds start to look a lot like
      an unorganized pile. Past a certain number, keeping track of just where
      something can be found gets to be very difficult.


      While the Atom vocabulary provides many interesting elements (e.g.
      title) by which you might search, the entry and feed categorization
      provide a fine-grained set of information on which a query can be
      performed. Simple queries can be used to retrieve entries from feeds
      simply by pulling those entries who have certain terms.


      We'd like a query that can:


      
        	
          provide a set of terms for the basis of the query,

        


        	
          allow comparison of any values associated with those
          terms,

        


        	
          return the query result as a "reconstituted" feed.

        

      


      Fortunately, SPARQL sparql has
      recently become a W3C recommendation and we can use this to query our
      pile of feeds.


      For example, if we want to retrieve the feed with the keyword
      pets, we could query on the term
      http://www.atomojo.org/O/keywords/pets as shown in Figure 3, “Retrieve the pets feed”.


      
PREFIX k: <http://www.atomojo.org/O/keyword/>
SELECT ?e WHERE { ?e k:pets () . }


      
Figure 3.Retrieve the pets feed

      Similarly, we could restrict the query to return all pet entries
      as in Figure 4, “Retrieve all pets entries”.


      
PREFIX k: <http://www.atomojo.org/O/keyword/>
PREFIX t: <http://www.atomojo.org/O/type/>
SELECT ?e WHERE { ?e t:entry (); k:pet () . }


      
Figure 4.Retrieve all pets entries

      If we want to search by value, we could find the pet named
      'hudson' as in Figure 5, “Find Hudson”.


      
PREFIX k: <http://www.atomojo.org/O/keyword/>
SELECT ?e WHERE { ?e k:pet () ; k:name "hudson" .}


      
Figure 5.Find Hudson

      As a query language, SPARQL is sufficiently powerful to express
      many types of queries. If the graphical model of the feeds is extended
      to include properties from the atom feed vocabulary, queries can be
      formulated that mix categorization with the feed structure (e.g. find
      all pet entries whose title contains a certain word).


      Since we are interested in feeds and entries, the real use of the
      query is to reconstitute the result into a feed. This can be done by
      a simple process using these rules:


      
        	
          For each matching feed, return an entry that summarizes the
          feed, its categorization, and a single link of relation related
          that points to the feed's resource URI.

        


        	
          For each matching entry, return the entry with the
          xml:base attribute set such that the link relations are
          preserved.

        

      


      As a result of this process, the query result is just another feed
      that can be consumed by any Atom-enabled client.

    
  

  
    Building Applications from Atom Feeds


    
      Architecture Overview


      With our ability to annotate and query arbitrary content as feed
      entries, we can now describe a dynamic application architecture show in
       Figure 6, “Atomojo-based Architecture” that is based on atomojo's AtomPub and
      SPARQL abilities. On the far left is the application author who is
      responsible for loading content and configuring the application. On the
      far right is the end user of the application who is using a
      browser-based application presented by the system. In the middle is the
      web application server and atomojo server instances.


      [image: Atomojo-based Architecture]
          
        
Figure 6.Atomojo-based Architecture

      The author's responsibility is not only to provide the content
      from the pile and appropriate annotations, but also to provide
      instructions through the same means. These instructions provide
      content layouts, rules for content organization, web content such as
      javascript code or CSS stylesheets, and even service components. While
      some of this content is the domain of a web programmer, much of it is
      just simple entries with categorizations as to how to build resources on
      the web application server.


      The web application server performs several tasks:


      
        	
          provides content proxies from the atomojo server to deliver
          content to the browser,

        


        	
          loads and configures layouts for web pages that are to be
          built from atom feeds,

        


        	
          loads and configures resources that are SPARQL queries to the
          atomojo server,

        


        	
          loads custom application components for specialized
          services.

        

      


      The configuration information is retrieved from the atomojo server
      by a series of SPARQL queries. These queries allow the configuration
      information to be stored anywhere the author prefers.

    

    
      An Example


      When the web application server periodically updates itself, it
      performs a set of queries against the atomojo server to retrieve
      configuration information. For example, to find all the layouts, the
      server uses the
      query shown in Figure 7, “Query for All Layouts”.  This query
      returns a set of entries that are the instructions for how each feeds is
      processed to produce a web page.


      
PREFIX www: <http://www.atomojo.org/O/www/configuration/>
SELECT ?e WHERE { ?e www:layout () . }


      
Figure 7.Query for All Layouts

      A typical layout entry is a media resource entry that contains a
      script (e.g. XSLT) for transforming the feed on the server into
      appropriate web content. While the
      transformation as shown in Figure 8, “A Layout Entry” produces HTML, nothing precludes generation of images or other
      non-XML media types.


      
<entry xmlns='http://www.w3.org/2005/Atom'>
<title>Default Layout</title>
<id>urn:uuid:18e4d0870ee46-4ff5-8895-bdd0ee0fb226</id>
<published>2008-07-18T11:22:06-07:00</published>
<updated>2008-07-18T11:42:06-07:00</update>
<category scheme='http://www.atomojo.org/O/www/configuration/'
          term='layout'/>
<category scheme='http://www.atomojo.org/O/www/configuration/layout/'
          term='media-type'>text/html</category>
<content src='default-layout.xsl' type='application/xslt+xml'/>
</entry>


      
Figure 8.A Layout Entry

      The layouts are used by internal or custom components where the
      choice of layout is based on a
      number of matching criteria. These layout rules can be restricted to
      match by resource path or require that the feed being rendered to have
      certain terms (i.e. category elements).  This allows the author to select
      the layout based on categorization rather than location in the atomojo
      server.


      This approach has been used to configure the proxies, layouts,
      queries to the server, and application components as shown in
      Figure 9, “A Configuration Feed”.


      
<feed xmlns:app="http://www.w3.org/2007/app" xmlns="http://www.w3.org/2005/Atom" xml:base="./">
<id>urn:uuid:9a1ecf4e-2495-4a42-9b53-37b25dff731e</id>
<updated>2008-07-17T14:38:20-07:00</updated>
<title>Configuration</title>
<author><name>Alex Milowski</name></author>
<link href="" rel="edit"/>
<category scheme="http://www.atomojo.org/O/type/feed/" term="hidden"/>
<link href="" rel="self"/>

<entry>
<title type="text">default-layout.xsl</title>
<id>urn:uuid:18e4d087-ee46-4ff5-8895-bdd0ee0fb226</id>
<published>2008-07-18T11:22:09-07:00</published>
<updated>2008-07-18T11:22:09-07:00</updated>
<app:edited>2008-07-18T12:01:59-07:00</app:edited>
<link href="./_/18e4d087-ee46-4ff5-8895-bdd0ee0fb226" rel="edit"/>
<content type="application/xslt+xml" src="default-layout.xsl"/>
<category scheme="http://www.atomojo.org/O/www/configuration/"
          term="layout"/>
<category scheme="http://www.atomojo.org/O/www/configuration/layout/"
          term="media-type">text/html</category>
<link href="default-layout.xsl" rel="edit-media"/>
</entry>

<entry>
<published>2008-07-17T14:43:17-07:00</published>
<app:edited>2008-07-17T17:44:55-07:00</app:edited>
<updated>2008-07-17T14:43:17-07:00</updated>
<id>urn:uuid:f080d0ee-a1b2-4012-a916-b0d915ea2cc4</id>
<title type="text">Proxy</title>
<author><name>Alex Milowski</name></author>
<link href="./_/f080d0ee-a1b2-4012-a916-b0d915ea2cc4" rel="edit"/>
<category scheme="http://www.atomojo.org/O/www/configuration/"
          term="application"/>
<category scheme="http://www.atomojo.org/O/www/configuration/application/"
          term="match"/>
<category scheme="http://www.atomojo.org/O/www/configuration/application/"
          term="proxy">resources</category>
</entry>

<entry>
<published>2008-07-17T17:38:11-07:00</published>
<app:edited>2008-07-17T17:44:24-07:00</app:edited>
<updated>2008-07-17T17:38:11-07:00</updated>
<id>urn:uuid:115b3132-4a9f-432d-bf7d-e366803d286e</id>
<title type="text">Index</title>
<author><name>Alex Milowski</name></author>
<link href="./_/115b3132-4a9f-432d-bf7d-e366803d286e" rel="edit"/>
<category scheme="http://www.atomojo.org/O/www/configuration/"
          term="application"/>
<category scheme="http://www.atomojo.org/O/www/configuration/application/"
          term="class">org.atomojo.www.util.script.IndexApplication</category>
<category scheme="http://www.atomojo.org/O/www/configuration/application/"
          term="match">/{path}/</category>
<category scheme="http://www.atomojo.org/O/www/configuration/application/"
          term="match">/</category>
<category scheme="http://www.atomojo.org/O/www/configuration/application/match/"
          term="mode">exact</category>
</entry>

<entry>
<published>2008-07-18T13:28:51-07:00</published>
<app:edited>2008-07-18T13:28:51-07:00</app:edited>
<updated>2008-07-18T13:28:51-07:00</updated>
<id>urn:uuid:01ababd0-9c16-4f0f-a4a9-ffecfdecdaf3</id>
<title type="text">Software Index</title>
<author><name>Alex Milowski</name></author>
<category scheme="http://www.atomojo.org/O/www/configuration/"
          term="application"/>
<category scheme="http://www.atomojo.org/O/www/configuration/application/"
          term="class">org.atomojo.www.util.script.IndexApplication</category>
<category scheme="http://www.atomojo.org/O/www/configuration/application/"
          term="match">/software/</category>
<category scheme="http://www.atomojo.org/O/www/configuration/application/match/"
          term="mode">exact</category>
<category scheme="http://www.atomojo.org/O/www/configuration/application/"
          term="resource">software</category>
<link href="./_/01ababd0-9c16-4f0f-a4a9-ffecfdecdaf3" rel="edit"/>
</entry>

<entry>
<published>2008-07-18T13:26:49-07:00</published>
<app:edited>2008-07-18T13:26:49-07:00</app:edited>
<updated>2008-07-18T13:26:49-07:00</updated>
<id>urn:uuid:3b5319ba-2e8b-4b66-94bc-ecf01bac77f8</id>
<title type="text">Software Resource</title>
<author><name>Alex Milowski</name></author>
<link href="./_/3b5319ba-2e8b-4b66-94bc-ecf01bac77f8" rel="edit"/>
<category scheme="http://www.atomojo.org/O/www/configuration/"
          term="resource"/>
<category scheme="http://www.atomojo.org/O/www/configuration/resource/"
          term="name">software</category>
<category scheme="http://www.atomojo.org/O/www/configuration/resource/"
          term="relation">terms</category>
<category scheme="http://www.atomojo.org/O/www/configuration/resource/"
          term="media-type">application/sparql-query</category>
<category scheme="http://www.atomojo.org/O/www/configuration/resource/"
          term="query">
PREFIX k: &lt;http://ww.atomojo.org/O/keyword/&gt;
PREFIX t: &lt;http://www.atomojo.org/O/type/&gt;
SELECT ?e WHERE { ?e t:feed (); k:software () }
</category>
</entry>
</feed>


      
Figure 9.A Configuration Feed

      In Figure 9, “A Configuration Feed”, the first entry
      is the layout, the second entry is a proxy for content, and the third is
      an application component that comes packaged with atomojo. This
      component is used to create index pages from feeds using the layouts and is typically
      mapped to index resources (e.g. ends with a forward slash). These
      mappings are shown in the match terms in the entries.


      The last two entries are slightly different. Their purpose is to
      use the query facilities of the atomojo server to find all software
      projects on the web site and then present a listing. They do this by
      associating a query to a resource that is then called by another index
      component.


      The last entry defines a query against the atomojo server for
      retrieving all those feeds that have a keyword of software. That
      resource is used by the index component defined by the preceding entry.
      These two entries together configure an index page at /software/ on
      the web site.

    
  

  
    Conclusion


    In Figure 9, “A Configuration Feed” in the last
    section, the last two entries achieved finding resources in our pile of
    information. An author can now put information about software in any feed
    they choose  and, as long as it is
    annotated with a category element with a term value of software, it will
    show up on that software index page.


    This is not remarkable. Plenty of software system exists that allow
    authored keywords to produce index information and then allow people to
    browse that information. What is interesting here is that we're using
    categorization and terms.


    Any categorization--both formal and informal--can now be used to
    annotate information stored in the feeds. The annotations are not limited
    to keywords. Also, the combination of different terms and values can be
    used to create a very specific set of informaiton.


    Similarly, the queries are not limited to simple retrieval
    exercises.  The SPARQL queries can perform complex union and intersection
    operations as well as filtering on term values.  As such, very specific
    data sets can be retrieved from the atomojo server.


    As time goes by, queries can be developed to use whatever categorization
    evolves from the authors.  These queries can be used to
    re-purpose that original content without much, if any, change to the
    feed metadata.  The resulting feeds can then be associated with a web resource
    independent of how the author chose to organize the original entries and
    feeds. That is, I can create a disorganized pile of information and keep
    my website organized.
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Abstract
 Popularity of social networks is growing rapidly and secure publishing is an important implementation tool for these networks. At the same time, recent implementations of access control policies (ACPs) for sharing fragments of XML documents have moved from distributing to users numerous sanitized sub-documents to disseminating a single document multi-encrypted with multiple cryptographic keys, in such a way that the stated ACPs are enforced. Any application that uses this implementation of ACPs will incur a high cost of generating keys separately for each document. However, most such applications, such as secure publishing, use similar documents, i.e. documents based on a selected schema. This paper describes RBAC defined at the schema level, (SRBAC), and generation of the minimum number of keys at the schema level. The main advantage of our approach is that for any application that uses a fixed number of schemas, keys can be generated (or even pre-generated) only once, and then reused in all documents valid for the given schema. While in general, key generation at the schema level has to be pessimistic, our approach tries to minimize the number of generated keys. Incoming XML documents are efficiently encrypted using single-pass SAX parsing in such a way that the original structure of these documents is completely hidden. We also describe distributing to each user only keys needed for decrypting accessible nodes, and for applying the minimal number of encryption operations to an XML document required to satisfy the protection requirements of the policy.
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Introduction

Recent years have seen the eXtensible Markup Language (XML) expand beyond its origins as a standard for web document authoring to become widely embraced as a data encoding format.  For example, the most recent releases of commercial database systems include utilities for exporting relational data sets into XML format to facilitate data exchange.  This trend has naturally motivated researchers to investigate fine-grained (i.e., element-level) access control models for XML data sets.  While early approaches employed server-side techniques such as materialized security views and query re-writing, there has been some concern as to whether such approaches can scale up to handle applications involving thousands of users and/or complex access control policies.  More recently, attention has been focused on secure publishing solutions, in which an XML document is made accessible to all users (e.g., by hosting it on an HTTP server) through possibly insecure channels. The desired access control policy (ACP) is enforced by encrypting regions of the document using cryptographic keys. Each user is assigned, through a secure channel, a set of keys (a keyring) corresponding to the permissions they have been granted under the access control policy, which allows them to decrypt exactly a document fragment consisting of element nodes they have been granted access to.  There are two crucial issues to note under this scenario: (1) the access control policy is only capable of enforcing read operations, as there is nothing preventing an authorized user from altering a data field once they have decrypted it and republishing a new version, and (2) the document owner (author) relinquishes control over the document once it has been published: consequently, any changes to the access control policy, or to the contents of the document can only be imposed by publishing a new version of the document.


While secure publishing approaches can overcome many of the performance limitations of earlier approaches, some care has to be taken in their implementation to ensure scalability.  A naive attempt to enforce an ACP may use super-encryption, where elements residing in the intersection of two or more document paths in an ACP are encrypted with multiple keys, which greatly increases the number of expensive encryption and decryption operations. We use a more efficient multi-encryption strategy, in which every node is encrypted with a single key.  Additionally, a naive implementation may end up assigning many keys, effectively trading the problem of view explosion for key proliferation. Key generation is expensive, and requiring each user to handle multiple keys complicates key management.  Hence, one seeks to minimize the number of keys required to enforce a particular access control policy. Since nowadays many documents conform to one or more schemas, it would be more efficient to generate keys once, at the schema level, and then re-use them for multi-encrypting documents valid in those schemas.


Contributions: In this paper, we address the performance issues alluded to earlier.  Our main contribution is a generalization of key generation to the schema level, allowing an access control policy to be defined over an entire class of XML documents specified by an XML Schema definition. Specifically, we define SRBAC, Schema-based ACP, based on our specification of grammar paths. This is a departure from previous research on grammar-level ACPs, which have mainly focused on DTDs and require separate key generation for each document valid for the grammar. Our second contribution is a specification of processing the schema S, which generates the keyring KS, consisting of the minimum number of keys needed. In general, key generation at the schema level has to be pessimistic because it must generate enough keys to correctly encrypt all possible documents valid in the schema. However, because these keys are generated only once, before any document is to be encrypted, the algorithms to determine the minimum number of keys necessary may afford less efficient processing. (This phase roughly resembles program optimization performed by the compiler before the program is executed). Our third contribution is a specification of a role-available keyring  KS(R) which, for a given role R in the SRBAC policy, consists of keys that will be made available to the user in role R so that this user can access precisely the fragment of any document D, valid in S, allowed by this policy. Our fourth contribution is an efficient multi-encryption  of XML documents in a single pass  (using a SAX parser) in such a way that the decryption of multi-encrypted documents results in a well-formed XML document. The encrypted document hides all of the structure of the original document. While the decrypted documents are no longer valid in the original schema, one may create sanitized schema (for which such document will be valid), and use them to efficiently apply XML tools, such as XQuery for XML databases. Our current research concentrates on static documents, but using SAX parsing may allow considering streamed XML documents (which will be a focus of future research). Our fifth contribution is a comparison of the efficiency of our approach and super-encryption. Our last contribution is that our key generation technique applies to any access control model, not only to the role-based model considered in this paper. Note that while encryption is expensive, comparatively speaking, validation is not that expensive and we can't know if a document is valid until it has been completely traversed, so we may perform several costly and wasteful encryptions before discovering that the document is invalid.  In such a case, combining validation and encryption only serves to slow down the validation, while performing two separate passes likely wouldn't take much longer and would avoid wasted encryptions. Therefore, we first validate the document and then encrypt it.



There are various areas where the technique described in this paper can be applied. Besides secure publishing mentioned earlier, it can also be used for areas such as providing secure data to medical organizations or social networks.



This paper is organized as follows. In Section 2, we describe related work. Section 3 describes RBAC at the document level, (DRBAC), and RBAC at the schema level, (SRBAC). In Section 4, we present our main results concerning SRBAC and key generation at the schema level, and briefly describe the implementation. Finally, in Section 5, we provide results of testing, and in Section 6 we describe conclusions and our future work. 
 

Related Work 


The increasing popularity of XML as a data encoding format has forced attention on the problem of controlling access to
XML documents [mul100]. The majority of approaches to date (e.g. [mul94],
[mul108], [mul107] and [mul105]) have focused on specification of access control policies at the document level, while a smaller number of proposals have additionally considered expression of policies over an entire class of documents at the schema level. [mul96] and [mul98] , [mul99] specify  systems in which discretionary access control policies can be expressed over an individual XML document, or over a document type definition (DTD) defining a class of XML documents. [mul106] defines a secure querying method for annotating a DTD with security policies, from which a security view is generated.  This view consists of a sanitized DTD Dv, which contains only the accessible portions of the original DTD D, and a function f, which specifies how to extract accessible data from instance XML documents conforming to D, in such a way that each query result generates a document conforming to Dv.  By hiding f from clients, the schema and data in the original document remain hidden, while clients are able to issue queries on accessible regions using Dv. 

More recent work focuses on the use of XML Schema as the schema specification language, in place of DTDs.
 [mul103] describes a system which allows role-based access control policies to be defined at either the
 schema or document level.  At the schema level, access permissions are defined on schema objects (definitions of elements). [mul110] describes RBAC-based policy specifications at the schema level, augmented with policy constraints using Schematron. Note that in all of these works, access control is enforced entirely by a server component, with a customized view of a document, consisting of only the accessible portions of the requested document, being returned to each client in accordance with their access permissions on the original document.  As a customized view must be generated in response to each client access request, in scenarios with complex documents and/or several users, view explosion becomes a problem. 

In contrast, our strategy forgoes reliance on a centralized access control and instead publishes a single (partially-) encrypted copy of each XML document, and relies on public-key cryptography to enforce the desired access control permission.  In this sense, it resembles the work of [mul107] and [mul108]. In addition to avoiding the view explosion problem (alluded to earlier) by publishing a single copy of each document, this type of approach is also more suited to deployment within decentralized architectures such as peer-to-peer, as it (1) facilitates the distribution of authentication and access control responsibilities between participating systems, rather than forcing reliance on a centralized component to enforce access control, and (2) is receptive to a variety of document distribution strategies, including broadcast, rather than being restricted to the client pull model. [mul95]  and [mul93] describe how to generate keys for documents and for DTDs/Schema; however, since at the schema level some conditions cannot be evaluated, keys must be generated at both the schema and document levels. 


In this paper, we present key generation at the schema level based on the concept of symbolic grammar paths. In [mul109], we describe the design of parameterized role access control policies, which has recently been implemented. 


Access Control Policies


This section starts with a definition of ACPs at the document level, and then introduces ACP at the schema level. It also gives several examples that will be used throughout the paper. 

 Documents and Document Paths


In our approach, document fragments, or views, are described using document paths based on XPath [mul112]. For a document D, by PD we denote the set of paths in D. We allow disjunctions of document paths, using the | operator. To simplify the process of defining grammar path, we borrow the following two Unix/C conventions: 

	 parameterless macros may be declared using the #define command, and then called using $macro-name 


	 substitutions of the form
      string0{string1, string2,..., stringn}string

denote


      string0string1string | string0string2string |...| string0stringnstring



where | denotes the alternative. Nested {} are also supported.
 




For example


	#define HP	/H/P
	$HP/{a, b, c/{d,e}}


 stands for 


      /H/P/a | /H/P/b | /H/P/c/d | /H/P/c/e



Example 3.1. 


Consider a hospital, where there are three types of tests: basic, confidential and very confidential; and each patient has three attributes: name, Id, and perm (the last attribute determines whether or not patients with negative Ids will have access to very confidential tests). The path P: 


	#define hp	/hospital/patient
	P: $hp{/@Id, /basic/text(), /basic, [@Id<"0" AND @perm="true"]/veryConfidential/text()}



is a document path for the following document D: 



<?xml version="1.0" encoding="UTF-4"?>
<hospital>
	<patient  name="Kay" Id="-1" perm="true" >
		<basic>B1</basic>
		<confidential>C1</confidential>
		<veryConfidential>V1</veryConfidential>
	</patient>
	<patient  name="Smith" Id="-2" perm="false" >
		<basic>B2</basic>
		<confidential>C2</confidential>
		<veryConfidential>V2</veryConfidential>
	</patient>
	<patient  name="Zen" Id="200" perm="true" >
		<basic>B3</basic>
		<confidential>C3</confidential>
		<veryConfidential>V3</veryConfidential>
	</patient>
</hospital>




The above path P defines a view of D consisting of values of Id for all patients (both attribute and its value), the tagname <basic> and its text values, B1, B2 and B3; and the value of V1.  □ 

Document-level Access Control Policies, DRBAC


In this section we define document-level RBAC, DRBAC and the related protection requirement. Here, we use a subset of XPath; a path expression p consists of one or more location steps; each location step operates on the child axis.  A path is then of the form p | not p | p1 intersect p2 | p1 union p2 , and its evaluation produces an ordered sequence of nodes. A valid path is any path which does not evaluate to an empty sequence. 


Definition 3.1. 


For an XML document D and a finite set Ψ of roles, the document-level RBAC (DRBAC) is a mapping πD:Ψ→PD such that πD(Ψ) covers the set D; i.e., each element of D belongs to at least one document path that occurs in the policy. Often, the mapping πD is tabulated and shown as a tuple [(R1, P1),(R2, P2),...,(Rn, Pn)] □ 


There are various views  of the document D, and each view is defined by πD(R). The designer of the policy for an XML document D may decide to leave some parts of D unencrypted (accessible to all users) or to make them inaccessible to all users (i.e., to encrypt them, but not to provide the key used for encryption of these nodes to any user). For the former case, the symbol ♥ is used, while for the latter case we use the symbol •. Therefore, the actual definition of the document-level RBAC is that it is pair (πD, ♦), where ♦ is either ♥ or •.
For simplicity (unless specified otherwise), in the sequel, we omit the second element of this pair, and assume that by default it is always • (i.e. by default, elements of D not covered by D are inaccessible to all users). 


Definition 3.2.  


The document-level protection requirement is said to be satisfied under the following conditions. For an XML document D, a finite set of roles Ψ, and the document-level RBAC πD:Ψ→PD a user in role R can access precisely the set πD(R), and if the policy uses ♥ also those nodes in D which are not covered by any path.  □ 


Example 3.2.  


Consider the document D from [Ex3.1], and a set of roles Ψ = {Nurse, Physician, Resident, Smith}. We define four document paths: 


	#define hp	/hospital/patient
	#define Sname  	$hp[@name="Smith"]
	ND: $hp{/@Id, [@Id<0]/basic/text()}
	PD: $hp/{@Id, @name, basic/text(), confidential/text(), veryConfidential/text()}
	RD: $hp{/@Id, [@Id>"100" AND @perm= "true"]/veryConfidential/text()}
	SD: $Sname/{@perm, basic/text(), confidential/text(), veryConfidential/text() }



We now define πD as: [(Nurse, ND), (Physician, PD), (Resident, RD), (Smith, SD)], which gives: 


	the user in role Nurse access to Ids of all patients, and to the textual content of the basic test for patients whose Id is negative; 


	 the user in role Physician access to Ids and names of all patients, and to the textual content of the basic, confidential and very confidential tests; 


	 the user in role Resident access to Ids of all patients, and to the textual content of the very confidential test for patients whose Id is greater than 100 and perm is set to true;



	 the user in role Smith access to permissions, and the textual content of the basic, confidential and very confidential test for these patients whose name is Smith 






Since by default we use the role •, other elements of D are available to nobody. In Figure 1, B1, C1, etc. stand for the text contents of the basic tag, confidential tag, etc.; elements accessible to the user in various roles are labeled with dotted boxes containing first letters of the names of these roles; nodes which are not available to any user are not labeled. 


[image: Labeled document tree for the hospital]


Figure 1. Labeled document tree for the hospital




Let us now use [Ex3.2] to compare super-encryption and multi-encryption. In the former case, nodes which are on the intersection of document paths would have to be encrypted and then decrypted with several keys. In the latter case, each node will be encrypted and decrypted with a single key. (In Section 6, we provide results of experiments comparing these two techniques.) 



 Schemas and Grammar Paths


In this paper, we consider schema-oriented XML documents which have to follow the grammar rules specified by an associated schema, rather than schema-less documents which merely have to be well-formed according to the XML language specification [mul111]. A commonly used grammar description is XML Schema [mul113], which we also use in this paper. Throughout this paper, by LΣ we denote the language generated by the schema Σ. Specifically, if Σ is the schema of schemas, i.e. the grammar defining schemas, then LΣ is the language of all schemas, and for S∈LΣ, a document D is valid for S iff  D∈LS. We consider only schemas for which there are no anonymous types (we can do it without a loss of generality because a schema with anonymous types can always have these types replaced by named types.) In the current implementation, we consider only schema with no cycles. By the top-level typename of the schema S, we mean the typename of the root element of any document valid in S. With each schema, we will associate a schema graph. The following examples show two schema and the corresponding graphs. 


Example 3.3. 


Consider a reference letter, which provides a specification as to whether or not the letter is confidential, names of a referee and an applicant, and zero, one or more reviews, where each review provides the name of a supervisor, a numeric score, and a comment. The schema T for such a reference letter is given below.



<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema">
	<xs:element name="letter" type="LetterType"/>
	<xs:complexType name="LetterType">
		<xs:sequence>
			<xs:element name="referee" type="NameType"/>
			<xs:element name="applicant" type="NameType"/>
			<xs:element name="review" type="ReviewType"/>
		</xs:sequence>
		<xs:attribute name="confidential" type="xs:boolean"/>
	</xs:complexType>
	<xs:complexType name="ReviewType" maxOccurs="unbounded">
		<xs:sequence>
			<xs:element name="supervisorName" type="NameType"/>
		</xs:sequence>
		<xs:attribute name="score" type="xs:integer"/>
		<xs:attribute name="comments" type="xs:string"/>
	</xs:complexType>
	<xs:complexType name="NameType">
		<xs:sequence>
			<xs:element name="first" type="xs:string"/>
			<xs:element name="last" type="xs:string"/>
		</xs:sequence>
	</xs:complexType>
</xs:schema>




Schema graph for the Schema T (see Figure 2) replicates nodes that represent elements of the same type. This graph shows types used in the schema. The alternative representation, used by this paper, (see Figure 3) will focus on element names from the schema, and will optionally show types of these elements (shown in dotted boxes with gray background). 


[image: Schema graph for schema T (based on types)]


Figure 2. Schema graph for schema T (based on types) 



[image: Schema graph for schema T (based on element names)]


Figure 3. Schema graph for schema T (based on element names)




Example 3.4. 


The schema S (see the schema graph in Figure 4) is a schema for which the document D from [Ex3.1] valid. 



<?xml version="1.0" encoding="UTF-8"?>
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema">
	<xs:element name="hospital" type="HospitalType"/>
	<xs:complexType name="HospitalType">
		<xs:sequence>
			<xs:element name="patient" type="PatientType" maxOccurs="unbounded"/>
		</xs:sequence>
	</xs:complexType>
	<xs:complexType name="PatientType">
		<xs:sequence>
			<xs:element name="basic" type="xs:string"/>
			<xs:element name="confidential" type="xs:string"/>
			<xs:element name="veryConfidential" type="xs:string"/>
		</xs:sequence>
		<xs:attribute name="name" type="xs:string"/>
		<xs:attribute name="Id" type="xs:int"/>
		<xs:attribute name="perm" type="xs:boolean"/>
	</xs:complexType>
</xs:schema>



[image: Schema graph for schema S]


Figure 4. Schema graph for schema S



In Section 3.1, we defined views of XML documents using document paths. To define views of a schema S, we introduce grammar paths. For a document D valid in S, a grammar path may be materialized to produce the document path for D. This way, views of a schema determine views of documents valid in the schema. Here, we consider only absolute paths, but relative paths can be defined in the same way. We denote by ΠS the set of all grammar paths for the schema S.  A triple (schema S, grammar path G, document D valid in S) defines a document path denoted by ΠS,D(G); we refer to this process as a grammar path materialization. 

We start by defining an atomic grammar path, which is of the form /c1/c2/.../cn. Each ci is a tag name optionally followed by a predicate in square brackets. (If the predicate is present, then ci is called the current context node.)  A predicate is formed using standard Boolean operators: &&, ||, and ! (using standard associativity and precedence rules) and atomic predicates. There are three kinds of atomic predicates:



	equality and inequality comparisons for values of attributes of type string or Boolean 



	equality and inequality comparisons for the textual content of the current context node, specified using text()



	arbitrary comparisons for values of numerical attributes





Note that if content of the element is mixed, i.e. contains both textual content and sub-elements then text() denotes the concatenation of all textual contents of this element. 


In order to support nested conditions, atomic predicates may also be preceded by one of the following unconditional paths, where the i-th component bi is a tag name: 

 
	 /b1/b2/.../bn/; i.e. the absolute path 


	 b1/b2/.../bn/; i.e. the relative path that starts from the current context node



	 ../b1/b2/.../bn/; i.e. the relative path that starts from the parent of the current context node






Two examples of atomic grammar paths are:


	/H[@x > "1" || @x < "0" &&  @y = "0"]/P[text() = "John"]
	/H/B[../C/@z > "2" || /H/D/text() = "Mary"]/E




Atomic paths may have conditions involving nested paths, but they specify only a single node. Often it is convenient to specify subtrees, or parts thereof. Therefore, we define a simple grammar path, which is an atomic grammar path followed by a subtree operator of the form: 


      <text = O3; att = O3; tag = O3>



where


	all fields (text, att, and tag) may appear in any order (and are separated by ";")



	fields are optional, but at least one must be present 


	O3 is described below by the following regular expression  

O1=["*" "+"]; i.e. a character class consisting of * and +

O2 = (O1 | ".") | ("text" (O1?)); i.e. O1 or "." or "text" optionally followed by O1

O3 = O2 (","O2)*; ie. one or more O2, separated by";"





The meaning of subtree operators is explained in [Ex3.5]. Finally, a grammar path is an atomic grammar path, or a simple grammar path, or one or more alternatives of such paths. 

For a given schema, a grammar path is valid if it satisfies constraints imposed by the Schema, for example that an element name exists (in the given context), or the attribute value is a correct data type. 


Example 3.5. 

 Below, we use the following terminology: 


	 all descendants of c, meaning all descendants of c, including c; 


	 all proper descendants of c, meaning all descendants of c, excluding c; 


	 children of c, meaning only children of c and not grand-children, etc.






In all examples given below c is the last component of a simple grammar path: 


  All text descendants of c:					c<text=*>
  All proper text descendants of c:				c<text=+>
  Text child of c (concatenated for mixed content):		c<text=.>
  All text descendants of c that are equal to "the":		c<text="the"*>
  All proper text descendants of c that are equal to "the":	c<text="the"+>
  Concatenated text children of c that is equal to "the":	c<text="the">
  All attribute descendants of c:				c<att=*>
  All proper attribute descendants of c:			c<att=+>
  All attribute children (attributes) of c:			c<at =.>
  A specific attribute foo of c:				c<att="foo">
  All "foo" attribute descendants of c:				c<att="foo"*>
  All proper "foo" attribute descendants of c:			c<att="foo"+>
  The tag of c:							c<tag="."> or c
  All element descendants of c:					c<tag=*>
  All proper element descendants of c:				c<tag=+>
  All element children (sub-elements) of c:			c<tag=.>
  A specific tag foo of c:					c<tag = "foo">
  All element descendants called "foo" of c:			c<tag="foo"*>
  All proper element descendants called "foo" of c:		c<tag="foo"+>
  All descendants of c:						c<*>
  All proper descendants f c					c<+>
  All children of c						c<.>
Finally, some examples of combined fields:
  All proper text descendants of c and all attributes of c:	c<text=*; att =*>
  Attributes foo and goo of c and the tag of c:			c<att = "foo", "goo"; tag =.>
  All element descendants "foo" and "goo" of c, all "hoo" attribute decendants, and the text of c:
   c<tag="foo"*, "goo"*; att="hoo"*; text=.> □




Example 3.6. 


Below, we provide three grammar paths R, C, and N for the schema T from [Ex3.3]: 


	R: /letter[review/score/text() > "7"]/referee/last<text=.>
	C: /letter[!(/referee/last/text() = "Smith" ||
           /referee/last/text() = "Kerry")]<att="comments", "score">
	N: /letter[@confidential = "false"]/{referee, applicant, review/supervisor}<text=+> |
          /letter[@confidential = "true" && review/score/text() > "5"
             || applicant/last/text() = "Brown"]/review/supervisor<text=+>


□



 Schema-level Access Control Policies, SRBAC



In this section we define schema-level RBAC, SRBAC and the related protection requirement. 


Definition 3.3.  


For a schema S, and a set Ψ of roles, an SRBAC policy is a mapping πS:Ψ→ΠS.□




Example 3.7. 


For the schema T from [Ex3.3] we define the SRBAC policy πT: [(REFEREE, R), (COMMENT, C), (NAME, N)], where R, C and N are grammar paths from [Ex3.6]. Here: 



	 role REFEREE gives access to last names of referees for reviews with the score greater than 7


	 role COMMENT gives access to all comments and scores, provided that the referee last name is neither Smith nor Kerry 


	 role NAME gives access to all names for non-confidential letters and for supervisor names provided that the letter is confidential and the score is greater than 5, or last name of the applicant is Brown






Example 3.8.  


For the schema S from [Ex3.4], we define the SRBAC policy πS: [(Nurse, N), (Physician, P), (Resident, R), (Smith, S)], where roles N, P, R, and S are defined as follows: 


	#define HP	/hospital/patient
	#define HPN	$HP<att="Id">
	#define SS  	$HP[@name="Smith"]
	N: $HPN | $HP/[@Id<"0"]/basic<text=.>
	P: /hospital/patient<att="Id","name"; text=*>
	R: $HPN | $HP{/confidential<text=.>, [@Id>"100" &&
		@perm="true"]/veryConfidential<text=.> }
	S: $SS/{@perm, basic<text=.>, confidential<text=.>, veryConfidential<text=.>}



The above SRBAC policy gives the patient Smith access to her data. Existence of multiple patients who should have this kind of access will result in role proliferation. A solution to this problem is to use parameterized roles, and this is the subject of our current research, see [mul109]. 


For every document valid in the schema S, a schema-based ACP defines document-based ACP for this document


Definition 3.4. 


For an XML Schema S, instance document D∈LS, and the schema-based policy πS:Ψ→ΠS, we define the schema-induced document policy πS,D:Ψ→PD,  by materializing grammar paths; i.e. πS,D(R)= ΠS,D(πS(R)), for R∈Ψ.□



Now, we formulate the schema-level protection requirement in a manner similar to that from Def. 3.2: 


Definition 3.5.  


The schema-level protection requirement is said to be satisfied under the following conditions. For the schema S, the schema-based ACP πS:Ψ→ΠS and role R∈Ψ, the user in a role R accessing a document D∈LS, can read precisely the view πS,D(R).   □



Example 3.9. 


For any document D valid in the schema S from [Ex3.4], grammar paths from [Ex3.8] will be materialized as follows: 


	ΠS,D(N) consists of Ids of all patients, and the textual content of the basic test for patients whose Id is negative 


	 ΠS,D(P)consists of Ids and names of all patients, and the textual content of the basic, confidential and very confidential tests 


	ΠS,D(R) consists of Ids of all patients, and the textual content of the very confidential test for patients whose Id is greater than 100 and perm is set to true



	 ΠS,D(S) gives access to permissions, and the textual content of the basic, confidential and very confidential test for these patients whose name is Smith.






For the specific document D from [Ex3.1], these materializations will produce respectively paths ND, PD, RD and SD from [Ex3.2], and so for the policy πS from [Ex3.4], the induced policy πS,D is the policy πD from [Ex3.2]. □




Key Generation and Document Encryption



In this section, we describe key generation at the schema level, and also explain how these keys are used to encrypt documents valid in this schema. As we indicated in the introduction, actions that result in key generation at the schema level may afford less efficient processing because they are performed only once, before any document is to be encrypted. In addition, a typical schema definition (and therefore, its schema graph) is quite small; hence, we assume that that the schema graph is stored as a DOM tree in main memory. However, for multi-encrypting documents (which may be very large), we will only consider single pass, SAX-based parsing. In our approach, we generate keys at the schema level. However, one can also use a lazy key generation: instead of pre-generating keys at the schema level, key generation will be triggered by the first document to be multi-encrypted. This would generate only the schema-based keys required for multi-encrypting this specific document (and they will be properly recorded). When the subsequent document is to be multi-encrypted, first we would determine if all necessary keys (at the schema level) have already been generated, and only generate any missing keys (at again recorded). 


We start this section with basic definitions.
Then, we provide our most important result, which is a schema-based key generation algorithm,
and we define schema-based role-accessible keyrings.
Next, we describe an annotated schema and proceed to the second most important algorithm
which uses an annotated schema to efficiently multi-encrypt a document valid in this schema.
Our description will frequently refer to the schema S from [Ex3.4]
 (which we will call a "running example"), its graph (see Figure 4), and grammar paths from [Ex3.8].



Introduction


 Encryption and Keyrings 


There are two kinds of encryption: symmetric encryption, which uses a shared secret key, and asymmetric encryption, which uses a public-private key pair. For asymmetric encryption, we will call the public key part a decrypting key, and the private key part an encrypting key. If it does not lead to confusion, then by a key we mean a decrypting key in an asymmetric encryption and a key in a symmetric encryption. In our approach, we allow either kind of encryption. When asymmetric encryption is used, the user in role R can only decrypt the document fragment. But, with symmetric encryption, they can also encrypt the decrypted m-document. To avoid this problem, the digital signature of the m-document would have to be made available.


 Definition 4.1. 



A keyring K is a finite set of keys. For an asymmetric encryption, each key is a triple (key name, encrypting key, decrypting key), and for a symmetric encryption it is a pair (key name, key). By KS we denote a schema-level keyring for the schema S and its policy πS. □



  Basic Notations 


Let us first consider various ways keys may be assigned to documents.
 Since views may be overlapping, we can not assign keys per view.
Indeed, if we did so, then for two overlapping views V1 and V2 we would have two corresponding keys k1 and k2, and the intersection of the two views would have to be super-encrypted (assigning keys per view would mean that for i=1,2, the user who has access to the view Vi would be given a key ki and so other options such as encrypting V1 with one key and V2-V1 with the other key would provide access to the part that is not allowed). What we need to do is to partition the set D (and at the same time each view) into disjoint sets, and then assign one key for each set in this partition. Therefore, for an arbitrary partition {P1, P2,...,Pn} of a set D, we need to find a disjoint partition. One way to achieve this goal is to create all possible differences of intersections of sets in the partition and remaining unions. Note that in our paper by a partition we mean a family of subsets of a set D that does not necessarily cover D. 


Here, we work at the schema level, rather than at the document level, but we need to generate keys in such a way that materialized grammar paths are disjoint. Since set operations for grammar paths (such as a union) are not defined, we now introduce symbolic grammar paths that allow such operations: 

Definition 4.2.  


Consider a set {Pi: i=1,2,...,k} of grammar paths. By a symbolic grammar path expression we denote a finite set of string of the form:

[image: Muldner01-005]

Figure 5.

Since document paths support the above mentioned set operations, symbolic grammar paths can be materialized. 


Definition 4.3. 

[image: Muldner01-006]


Figure 6.□



Example 4.1.  


Consider first two grammar paths from [Ex3.8], and recalled below: 


	#define HP	/hospital/patient
	#define HPN	$HP<att="Id">
	N: $HPN | $HP/[@Id<"0"]/basic<text=.>
	P: /hospital/patient<att="Id","name"; text=*>



Here, we have three symbolic grammar paths: N-P, P-N and N*P. To show materializations of the paths, consider the document D valid in S (see Figure 1. For this document, we have: 
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Figure 7.
Note that the above materializations cover the same subset of D as materializations of original grammar paths, but unlike the original grammar paths, they are disjoint. □

 

Key Generation 

 
To generate keys for the schema S one can use the following technique. For every symbolic grammar path, generate a key for that path, and then use these keys to multi-encrypt materializations of document valid in S. However, by following this approach, we would not avoid generating keys for symbolic grammar paths that will always be materialized to empty document paths. Therefore, we use a different approach, described below. 


A target of a grammar path G is a single node in SG, or a node and a subgraph rooted at the node. An abstract value of G is a list of targets with the associated information about values of conditions that appear in G. Our algorithm finds abstract values of symbolic grammar paths corresponding to grammar paths in the SRBAC policy. We then use these values to avoid generating keys for these symbolic grammar paths whose abstract values are empty. Note that our algorithm additionally avoids creating redundant keys for two or more grammar paths whose abstract values are subsets; for example if the abstract value of G1 is a subset of the abstract value of G2 then the symbolic grammar path G1 - G2 evaluates to empty. Since at the schema level we do not know values of conditions that appear in grammar paths, we proceed as follows. By a configuration we refer to a bit-vector that represents true/false values of all conditions that appear in symbolic grammar paths (i.e., if the i-th condition evaluates to true, the i-th bit is set to 1, and 0 otherwise). We annotate every node of the schema graph with the list of pairs of the form (configurations, key).


Configurations


A configuration is a binary value of size k that represents true/false values of conditions. For a given grammar path X and a configuration C, values of all conditions in X are known, and therefore we can find an abstract value of X, which consists of one or more targets for the configuration C. A configuration index value is the integer decimal value corresponding to the binary value of this configuration. When it does not lead to confusion, we identify a configuration and its index value. Some configurations should be excluded e.g. if they specify true values for two conditions (involving the same attribute) that cannot be true at the same time (and arbitrary values for other conditions). 


Algorithm 4.1


A condition (with k variables) is a Boolean Expression B(x1,x2,...,xk) built from comparisons of the form: 


xi RelationalOperator c; where xi and a constant c are of the same data type that supports
linear order (such as real or integer) and three standard Boolean operators: and, or and not,
with the standard associativity and precedence rules, and brackets, and a RelationalOperator is one of: >, <, <=, >=, =, !=.
For example, the expression B(x,y): x>"0" && y>"100" || x>="4" && !(x="99") is a condition. 


For given conditions B1,...,Bk with k variables x1,x2,...,xk, Algorithm 4.1 tests if for any subset
(i1,...,im) with 0<=m<=k of the set (1,...,n)
the expression of the form D(x1,x2,...,xk) =
Bi1&&Bi2&&...&&Bim&&!Bj1&&!Bj2&&...&&!Bjr where {j1,j2,...,jr} = {1,2,...,k} - {i1,i2,...,im}, is a falsehood; i.e. is false for all variables x1,x2,...,xk.



  Finding abstract values


An abstract value of a grammar path G is defined to be a list consisting of the pairs (target, list of configuration ids). If this list contains all non-excluded configurations, then it is omitted. 


Algorithm 4.2. 


Input: A schema S, and an SRBAC policy πS:Ψ→ΠS, where ΠS ={G i: i=1,2,...,n} is a set of grammar paths, and role Ri is associated with the path Gi. 


Output: A table called Results storing abstract values of symbolic grammar paths. 


Outline of the algorithm. While here we say a "table", the actual implementation may use a different, more efficient data structure. However, in our explanation of the algorithm, we will assume that the table is used.
There are two steps of the algorithm: 


	Create a list E of all non-excluded conditions C that appear in grammar paths in the policy, using Algorithm 4.1 


	 Compute abstract values of all grammar paths in the SRBAC. (In the description of an abstract value, we skip the list of configuration ids if this list contains every possible configuration.) Here, we compute symbolic products of pairs Gi*G j and sums Gi+G j, products and sums of triples, and so on; finally values of symbolic grammar paths. In this process, maintain three tables storing respectively products, sums and resulting grammar paths.






In more details, the table Products[i] stores an abstract value of products Gi1*...*Gij where 1<=i1<=...<=ij<=n and 1<=j<=k.
Here, the index i is a decimal value of the binary word of size k in which bits at positions im are set to 1 and remaining bits are set to 0. For example, for k=4, Products[5] stores an abstract value represented by 0101, i.e. of the product G2*G4 and Result[5] will store the value of G2*G4 − (G1+G3). 


Execution of step 2 involves: 


	compute (and store in arrays Products and Sums) abstract values of all Gi, then products (and sums) of two Gi. If any product is empty then store in Products the value 0 (Empty) for any i-tuple that uses this product. Also, store in Results 0 for symbolic grammar paths that use such products. For example, if G2*G4 is empty, store 0 in Products at positions 5, and 7 and in Results at the same positions. Note that before any products are computed, we check if the value 0 has already been stored for this product


	 repeat the above step for triples, etc. In computing unions, use previously computed values; for example to compute G1+G2+G4, we use the value of G1+G2 which has already been computed.






Example 4.2.  


In our running example, we have four conditions: 


C1: (@Id<"0"), C2: (@Id>"100"), C3: (@perm="true") and C4: (@name="Smith") 


and there are 16 configurations; starting with configuration 0, for which all conditions are false, and ending with configuration 15, for which all conditions are true. Now, consider configuration (1100) with the index value equal to 12. However, C1 and C2 cannot be true at the same time, and so any configuration of the form 11xx is excluded. Therefore, the list of non-excluded configurations consists of integers from 0 to 11, and an abstract value of the grammar path N is (Id, basic/text(), (9,10,11)). 


Abstract values of all symbolic grammar paths are shown below (starting with abstract values of four paths), using the following abbreviations: 


	 I : {1,3,5,9,11}


	 B : basic/text()


	 C : confidential/text()


	 V : veryConfidential/text()





	{N} = <Id, (B,8,9,10,11)>
	{P} = <name,Id,B,C,V>
	{R} = <Id, C, (V,6,7)>
	{S} = <(B,I), (V,I), (C,I), (Perm,I)>

	Results[1] = S-(P+R+N) = (perm,I)
	Results[2] = R-(N+P+S) = 0
	Results[3] = R*S-(P+N) = 0
	Results[4] = P-(N+R+S) = <name,(B,0,2,4,6),(V,0,2,4,8,10)>
	Results[5] = P*S-(N+R) = <(B,1,3,5,7),(V,I)>
	Results[6] = P*R-(N+S) = <(C,0,2,4,6,8,10),(V,6)>
	Results[7] = P*R*S-N = <(C,I), (V,7)>
	Results[8] = N-(P+R+S) = 0
	Results[9] = N*S-(P+R) = 0
	Results[10] = N*R-(P+S) = 0
	Results[11] = N*P*R-S = 0
	Results[12] = N*P-(R+S) = <B,8,10>
	Results[13] = N*P*S-R = <B,9,11>
	Results[14] = N*P*R-S= <Id>
	Results[15] = N*P*R*S = 0



 
 Schema-based Keyrings and Role-accessible Keyrings 


For a schema S and a schema-level access control policy πS:Ψ→ΠS, we use Algorithm 4.1, and for each non-empty value from the table Results, we generate one key. The keyring KS consists of all keys generated this way. Note that in our running example, out of 16 symbolic grammar paths, only 8 are non-empty. Therefore, where a brute-force approach would generate 16 keys for four roles for our running example, our optimized algorithm will instead generate only 8 keys. Now, we show how for each role R∈Ψ the keyring KS defines the set KS(R) of R-accessible keys. A user in role R will be provided with the R-accessible keys so that for any document D valid for S, she can decrypt the view πS,D(R), where πS,D is the schema-induced document policy. 


Algorithm 4.3.  


Input: A schema S, a schema-level access control policy πS:Ψ→ΠS and a role R∈Ψ.



Output: Role R-accessible keyring KS(R). 


Method: KS(R) = {k∈KS for some symbolic grammar path G, the abstract value of {G} is a subset of the abstract value of the grammar path πS(R)} □ 


Example 4.3. 


For our running example, let us denote by ri a key corresponding to the value of Results[i] which is not empty. Therefore, KS= {r1, r4, r5, r6, r7, r12, r13, r14}. Two examples of role-accessible keyrings are KS(Nurse) ={r12, r13, r14}, and KS(Physician) ={r4, r5, r6, r7, r12, r13, r14}.□ 


One can show that given a schema-level access control policy πS:Ψ→ΠS and XML document D valid in S, if the user U in role R is provided only with R-accessible keys created by Algorithm 4.3 then the protection requirement is satisfied; in particular U can access precisely the view V = πS,D(R). □




 Schema Graph Annotations 

  
Based on the information stored in the table Results, we now annotate the syntax graph with a list of pairs
(key, list of integers representing configuration index values).
We use ♦ to denote a key for the default role; one of • or ♥.
If the list consists of all permissible index values, then it is omitted.
The annotated schema graph will be used to guide the process of multi-encrypting an XML document D during its
SAX-based parsing. To annotate the schema graph, we traverse the table Results, and collect information about
 all keys. Next, we traverse the schema graph again, and if the annotation is missing at any node we add the
 annotation of the form (♦). For nodes that have already been annotated, we check if these annotations
contain all permissible index values, if any such values are missing they are added with the default key ♦.



Example 4.4. 


Consider our running example. To annotate the node "veryConfidential" in the schema graph, we look in Results[] for the value V, and so its annotation is <(r4,0,2,4,8,10), (r5,I), (r6,6), (r7,7)>.  For the complete annotated schema graph see Figure 8.


[image: Annotated syntax graph for schema S]


Figure 8. Annotated syntax graph for schema S 




 Multi-encryption of Documents 


The encryption of the document D valid in the Schema S results in single well-defined XML m-document MD, which always has a root element <encrypteddocument>. Each part of the document D that is encrypted with a key "k" will be represented as a child of the <encrypteddocument> node using this format: <edata key = "k"> encrypted_data </edata>. Note that the structure of the document D is hidden inside of the encrypted_data part and is therefore not visible to users who are not authorized to decrypt the document (the <edata> tags are not nested inside of other <edata> tags). The encryption is performed by efficient, single-pass SAX parsing of D (performed in parallel with the traversal of the previously annotated schema graph GS). For each node d of D, the corresponding node s in GS is located, and its annotation is examined to determine which key should be used to encrypt this node (note that at that time we can determine values of all conditions and so we know which configuration should be used; unless nested conditions are used, which require additional treatment). Recall that the same key always encrypts the attribute and its value. 


Example 4.5. 


Consider the document D from [Ex3.1], (see Figure 9), in which dotted boxes attached to elements and attributes show the key that is used to encrypt this element. To explain the choice of keys, note that there are three patients; when the attributes of the first patient are processed, we know that that the name is not "Smith", Id is negative, and perm is true, and so the configuration 10 is used. Similarly, configuration 9 is used for the second patient, and configuration 6 for the third one. This information is used to retrieve the key to be used for encryption from the annotated schema graph. 


[image: Document D and keys used to encrypt this document.]


Figure 9. Document D and keys used to encrypt this document.




The m-document MD looks like this (assuming that by default ♦ indicates that the node is not available to any user, so the corresponding <edata> nodes are omitted; below, we show details of the leftmost "patient" subtree and leave out other subtrees; encrypted data are also omitted): 



<encrypteddocument>
	<edata key="r4">...</edata>
	<edata key="r14">...</edata>
	<edata key="r6">...</edata>
	<edata key="r2">...</edata>
	<edata key="r4">...</edata>
</encrypteddocument>




 Decryption of Multi-Encrypted Documents 


When the user U can prove that is entitled to play role R, she will first obtain the R-accessible keyring KS(R) via a secure channel, and then proceed to decrypt an m-document MD, to produce a document MD,R. The software system available for U will first identify a sub-keyring K1 of KS(R) consisting of keys needed to decrypt M, and then apply keys available in K1 to perform decryption. The output from the decryption is a single XML document. Given this document, U may use the system to create a sanitized schema (showing only accessible parts of schemas), which would allow them to efficiently apply XML tools, such as XQuery for XML databases. One can show that given a schema-level access control policy and XML document D valid in S, if the user U in role R is provided only with R-accessible keys KS(R), then the protection requirement is satisfied. □



Example 4.6. 


 Consider the m-document from [Ex4.5], using the schema-based ACP policy from [Ex3.8].
Recall from [Ex4.3] that KS(Physician) ={r4, r5, r6, r7, r12, r13, r14}.
Assuming that the user plays the role Physician, the decrypted file will look as follows (note that in this example, tags are encrypted and so their respective values have been concatenated): 


	<encryptedtag name="Kay" Id="-1">B1C1V1</encryptedtag>


□



 Implementation 


Our implementation uses the C++ language, with external libraries to support XML usage and cryptographic functions; specifically the Xerces-C++ XML toolkit from Apache [mul115], and Crypto++ [mul116]. First, the schema file is parsed and loaded into memory represented as a tree like structure (a schema graph). Once the tree is constructed, the access control policy file will be parsed and can be validated for semantic correctness against the schema in memory (although this is not currently completed). Lastly, all of the information that the encryption process requires will be saved into a file that can be loaded at a later point in time. Currently, this file is a simple xml file that contains the generated keys, schema graph and annotations, as well as the set of conditions specific in the access control policy. 


The encryption process works by firstly re-loading (if necessary) the data saved to the xml file back into memory, and next the document to be encrypted is parsed with a SAX parser. Each node in the document will be encrypted in the order they appear in the document, with nodes being queued if there is not enough information available to encrypt them at the time they are first encountered (this can happen when the access control policy specified a condition for this node which cannot be calculated until a node later in the document is parsed). The encryption process is implemented in such a way that the algorithm used to perform the encryption can be changed very easily, so either a symmetric or asymmetric algorithm can be used based on user preference. It is also possible to extend the implementation to provide a run time facility for selecting an encryption algorithm.



Nested paths to arbitrary nodes in conditions are supported through a combination of data caching and a queue. During encryption, each node to be encrypted is added to the end of the encryption queue. Additionally, if the node is an attribute or text node that is referenced by conditions, the value of this node is cached in the global value table. The encryption queue is then flushed, by trying to encrypt as many nodes from the front of the queue as possible. A node can only be encrypted and removed from the queue if all of its dependencies are met. A node with no condition has no dependencies, and can be always encrypted. A node with a condition has dependencies, and the global value table is searched to ensure that all dependent attribute and text nodes have values within this table. If any dependent node is missing a value, this node cannot be encrypted, and no further nodes flushed from the queue. Otherwise, the condition can be evaluated (determining the key to use for encryption) and then the node is encrypted.



 Results of Testing 

   
We performed testing of our implementation, comparing the time required to multi-encrypt (and decrypt) against the time spent when super-encryption was used. The detailed description of steps performed in testing is provided below: 


	 For the schema S from [Ex3.4], we considered the SRBAC policy S from [Ex3.8]
, and determined the number of keys generated by our implementation.


	 For the same schema S, we considered two documents valid in this schema; document D from [Ex3.1] and document D2, which is similar to D (except it had much longer text values and different values of attributes). For both of these document, we also considred the induced DRBAC policies for these documents.
.


	 For each of the two documents D and D2, we multi-encrypted them four times using our approach, measured the time needed to encrypt, and recorded the average multi-encryption time


	 For each of the two multi-encrypted documents MD and MD2, we decrypted themfour times for all four roles, measured the time needed to decrypt, and recorded the average decryption time


	 For each of the two documents, we generated keys and super-encrypted these documents by performing the SAX traversal of the document, using the following approach: 


a) for every node x in the intersection of document paths there is a keyring consisting of m keys (one for each path); and the node x is super-encrypted with all these keys. The user in any role R associated with the path P from the intersection will receive the entire keyring. 


b) to satisfy the protection requirement, keys are reused based on the following principle. Suppose that in performing the SAX traversal of a document, we have encountered the node x as described above (and generated multiple keys), and then we have encountered the node y in the intersection of the same document paths. Then, the same keyring is used (i.e. no new keys are generated), and the node y is super-encrypted with keys from this keyring. 


	 For each of the two documents D1 and D2, we super-encrypted them using the approach described above, and measured the time needed to encrypt 


	 For each of the two super-encrypted documents MD and MD2, we decrypted them four times for all four roles, measured the time needed to decrypt, and recorded the average decryption time 






Results. 


The total number of keys generated at the schema level was 8, while the number of keys generated at the document level (for super-encryption) was 17 for both documents. The time needed to generate keys at the schema level was 0.0279024. The average time needed respectively for multi-encryption and super-encryption of the document D was 0.0007776830 and 0.0019404000. For the document D2, the average time was 0.0022022350 and 0.0042952375.  The average time needed respectively for decryption for the role Physician for the multi-encrypted and super-encrypted document MD was 0.00125512 and 0.00368630. For the document MD2, the average time was respectively 0.00633886 and 0.00972875.


Conclusions.  Our testing proved the expected superiority of multi-encryption over super-encryption. Approximately half the keys were generated (although at the schema levels we generate keys for all valid documents). While multi-encryption incurs the initial cost of time spending on key generation, our tests show that on average for multi-encryption, the encryption time and the decryption times were between 30 and 50 percent shorter.
 


 Conclusions and Future Work 

 
In this paper, we provided a description of role-based ACPs for defining permissions for fragments of XML documents, both at the document and the schema level. Using our approach, keys can be generated at the schema level and then only required keys may be assigned to specific documents valid for the schema. A complete system was designed and implemented. 


Our future work includes full optimization of the algorithm which generates keys at the schema level, removing some restrictions on XML documents, such as IDREF attributes, and designing and implementing re-usability of keyrings when a document or ACP is modified. Also, we will start using our approach to develop secure publishing solutions in areas such as social networks. 
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Abstract
W3C XML Schemas specifications were published in 2001, but a large community still uses DTDs.
Perhaps they didn't adopt new schema technologies because they are still awaiting some missing features ?
What kind of feature would be useful to DTD users and schema practitioners ?

Let's transpose the buzzword "mashups" to schema technologies: mashups of several schema languages and mashups of schema languages with non-schema languages.
From this bazaar, we'll discuss some of the emerging features that could make what would be the next generation of schema languages:
dynamicity, semantic, mixins, and hyperschemas.
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Introduction

The WXS-11 specification is in a "last call working draft" status.
One of the most significant change is perhaps the support of co-occurrence constraints that was missing in 1.0 and expected by the community.
For the other missing stuffs -who knows what they are- we have to wait for W3C XML Schema 1.2 and so on.
In this paper, we'll have a prospective approach: we examine some features that the author has already implemented as a demonstration,
and imagine others that lead us to consider new usages of schema technologies.

For this purpose, we introduce an experimental but innovative schema technology: the Active Schema Language, or ASL.
The strength of ASL comes from its runtime environment: the ActiveTags engine that was presented last year at Extreme Markup Languages in Montreal (Poulard).
Active Tags can host several runnable tag libraries and a schema language like ASL is just another library like other tag libraries,
but built on top of this framework that offers to ASL lots of valuable services that make it much more simple, powerful and expressive than
the serie of W3C XML Schema 1.x as well as other schema technologies.

Firstly, we will expose the foundations of the system. In the next chapters, we will explore 4 simple use cases:


	
Since an Active Tags engine can make cohabit several tag libraries, even declarative languages like schema languages,
we'll see hereafter how to design a schema that can build dynamically its content models (named active content model)
by interweaving imperative instructions with declarative ones, in order to solve issues that other schema technologies can't address.



	
Next, we'll focus on XML data types and the lack of support of semantic data types in schema languages.
A simple example will show how ASL can define simply such a data type, and the advantage got for applications that have to deal with XML datas.



	
We'll go on with the concept of mixins (borrowed to other kind of languages) adapted to schema languages.
Here, we'll mix several schema technologies for extending an attribute definition of a DTD with a data type (other than CDATA, of course).



	
Finally, we'll discuss about the validation of software components represented with declarative XML languages.
Although schemas languages can validate the static representation of an assembly of components, they are not designed to validate pieces of components assembled at runtime.
An hyperschema would act at this higher level.





We will conclude that designing XML languages in a framework such as Active Tags is extremely valuable.
Even (or especially) for declarative languages such as ASL.



Foundations of the system

In this section, we present an overview of the system and its basic functioning.

Basically, an XSLT processor or a schema validator are doing the same things:
first, since they are languages that rely on XML, instances are parsed, then unmarshalled
to instances of some classes and assembled, and finally processed according to the intended
semantic of the tags encountered. This is where the differences occurs.
Processing those steps in a pipeline mode or generating some code in a target language are only implementation details.
We can simply consider XSLT, WXS, RelaxNG, SCXML, XMLCatalogs
and other markup languages designed for processing purpose as tag libraries,
but none of them rely on a common system.
Yet, some systems are based on tag libraries such as JSP/JSTL and Jelly but the former
is runnable exclusively within a Web server and both are very far from XML problematics: for example, instead of using XPath
they rely on the UEL and are tightly coupled to Java.

Active Tags is a system that considers that XML languages designed for processing purpose like those mentionned are tag libraries
runnable in an XML-based environment.
Active Tags offers to runnable XML languages a set of basic services such as handling XML datas
and non-XML datas with XPath, using templates, defining macros, and mapping tags to their
implementations. This allows a programmer to focus on its implementation without worrying about the plumbing details.

In the same way that XSLT scripts are called "stylesheets", Active Tags ones are called "active sheets".
Like XSLT, it is XPath centric, and active sheets will contain both instructions (the so-called active tags) and XML litterals.
The main difference is that instead of having a single instruction set, an active sheet may contain severals, each bound to a namespace URI.
One of the core module of the system is the XML Control Language, or XCL, that supplies a set of tags that covers many common features:


    	Usual control structure actions, such as alternative (<xcl:if> <xcl:then> <xcl:else>)
    or iterative actions (<xcl:for-each>).


    	XML oriented actions, such as XML parsing (<xcl:parse>) and XSLT transforming (<xcl:parse-stylesheet> and <xcl:transform>);
    these actions deal with entity and URI resolving, passing parameters (<xcl:param>),
    error handling and many other options used to tune XML processes.


    	XML document creation (<xcl:document>, <xcl:element>, <xcl:attribute> etc)
    and high level Active Update implementation, that allow to perform update operations on XML objects and X-operable objects[1]
    (<xcl:delete>, <xcl:append>, <xcl:update> etc).




The reader is sent back to RefleX, a Java implementation of Active Tags,
where numbers examples are available and runnable. RefleX supplies a command line interface and
a servlet, and offer means to query relational databases with SQL, XML databases with XQuery, or LDAP repositories.
Moreover, he will find in RefleX all the standard modules that go along with Active Tags (I/O, System, Web, etc) and specific modules
for designing XML-based test suites (XUnit) and test suites for Web applications (WUnit).


In this first example, XCL is used in a sequence of three operations for parsing a file and transforming it with XSLT:


<xcl:active-sheet xmlns:xcl="http://ns.inria.org/active-tags/xcl">
    <xcl:parse name="input" source="file:///path/to/document.xml"/>
    <xcl:parse-stylesheet name="xslt" source="file:///path/to/stylesheet.xsl"/>
    <!--XPath expressions appear in curly braces-->
    <xcl:transform output="file:///path/to/result.html" source="{ $input }"
    stylesheet="{ $xslt }"/>
</xcl:active-sheet>

Active sheets can use a single module (like above) or several ones, can be procedural (like above once again) or declarative or both like we'll see in the next section.

Other core modules include means to bind an implementation to an active tag (i.e. which is not an XML litteral):


    <!--bind a Java class to an active tag of the XCL module-->
    <exp:element name="xcl:transform"
    source="res:org.inria.ns.reflex.processor.xcl.TransformAction"/>
    <!--the "res" URI scheme refers to resources found in the classpath;
            this is specific to the RefleX implementation in Java-->


...and means to lookup for resources such as the actual modules:


    <!--declare 2 entries related to XCL in the main catalog-->
    <cat:group xml:base="res:///org/inria/ns/reflex/processor/">
        <!--where to find the XCL module-->
        <cat:resource name="http://ns.inria.org/active-tags/xcl" uri="xcl/module.exp"
        selector="exp:module"/>
        <!--where to find the XCL schema-->
        <cat:resource name="http://ns.inria.org/active-tags/xcl" uri="xcl/schema.asl"
        selector="asl:schema"/>
    </cat:group>

When an active sheet is launched, the engine will look in the main catalog (and custom catalogs if any)
if there is a module for each XML tag it encounters, and load the implementation provided by the relevant module, otherwise the actual tag
stands for a litteral.

The so-called ActiveCatalog used in Active Tags like shown above is a compatible extension to OASIS XML Catalog: the former is designed
to retrieve resources whereas the latter just to map an URI to another URI. When the engine launches a "module request", the reference specified by the entry in the catalog, tagged with the
appropriate role (selector="exp:module"), will be unmarshalled to the relevant component (the module expected).

Other core modules and custom modules can be declared and registered to the engine as well.
So far, nothing about schemas were mentionned; in the same way, there is a module definition for ASL
that bind ASL elements to their implementation, and an entry in the main catalog so that ASL is ready to use
by the engine. Therefore, we are able to design schema instances with ASL, and write active sheets
for validating XML instances with our schema. We'll see hereafter how to combine XCL and ASL to express dynamic content models in a schema.



Dynamicity, or building active content models

Schema processors are building an abstract tree from a schema instance. With a traditional grammar-based schema (DTD, W3C XML Schema, Relax NG),
as the schema instance is hard-coded, the abstract tree is static, making the expressiveness of the schema limited to what is allowed by the grammar.
The flaw with grammars in XML is that they only allow to constraint content models in a declarative manner,
which is in essence very concise and expressive, but when the limits of the declarative syntax are reached, there is no way out;
it is still possible to add a new tag to express the missing declarative tag, but the limit still exists a single step further, at the cost of upgrading the language.

ASL has been designed in order to be much more expressive without adding tags again and again.
The immediate benefit is to avoid to compromise a user's XML structure just because some constraints can't be expressed by grammar-based schemata,
which happens often with traditional schema languages.
ASL contains similar constructs than others schema languages: an element declaration is still made of sequences (<asl:sequence>) or choices
(<asl:choice>) of element references (<asl:element ref-name="...">),
texts (<asl:text value="...">) or attributes (<asl:attribute>), but they can be mixed with imperative constructs.
As the content models are computed at runtime while validating, the result abstract tree becomes dynamic,
increasing dramatically the expressiveness of the schema: the content models can adapt themselves to the incoming data to validate in an extreme flexible way.
Additionally, ASL allows to compute dynamically thanks to XPath expressions occurrence constraints, that are at best hard-coded in existing schema languages.

The following document is an instance of a purchase-order:


<purchase-order
    xmlns="http://www.example.com/purchase-order"
    ship-date="2008-08-14">

  <items total="188.93">

    <item partNum="872-AA">
      <productName>Lawnmower</productName>
      <quantity>1</quantity>
      <USPrice>148.95</USPrice>
    </item>

    <item partNum="926-AA">
      <productName>Baby Monitor</productName>
      <quantity>1</quantity>
      <USPrice>39.98</USPrice>
    </item>

    <free-item partNum="261-ZZ">
      <productName>Kamasutra for dummies</productName>
      <quantity>1</quantity>
    </free-item>

  </items>

</purchase-order>


It is constrained by structual rules and business rules, in the circumstances a <free-item> element is allowed only if the total amount exceeds 500$
(which makes the above document invalid).
Due to the lack of expressiveness of existing schema languages, the best we can do is to relax some constraints and ignore the business rule.
The content model of the <items> element would be expressed like this in a DTD:

<!ELEMENT items (item+,free-item?)>

Unfortunately, an instance like the previous one violates our business rule although it is valid regarding the DTD.
Other schema languages can't do much more better, except Schematron that we will talk about hereinafter.

ASL allows to write the business rule exactly as it has been expressed, by injecting imperative instructions from the XML Control Language within the content model definition:


<asl:active-schema
    xmlns:xcl="http://ns.inria.org/active-tags/xcl"
    xmlns:asl="http://ns.inria.org/active-schema"
    xmlns:xs="http://www.w3.org/2001/XMLSchema"
    xmlns:po="http://www.example.com/purchase-order"
    target="po"
>

  <!--the root element of a purchase order-->
  <asl:element name="po:purchase-order" root="always">
    <asl:attribute name="ship-date" type="xs:date"/>
    <asl:sequence>
      <asl:element ref-elem="po:items"/>
    </asl:sequence>
  </asl:element>

  <!--a dynamic content model-->
  <asl:element name="po:items" root="never">
    <asl:attribute name="total" type="xs:decimal"/>
    <!--a variable sequence-->
    <asl:sequence>
      <asl:element
          ref-elem="po:item"
          min-occurs="1"
          max-occurs="unbounded"/>
      <!--the test that introduces variability
          asl:element() refers to the current element, actually a <po:items>-->
      <xcl:if test="{ asl:element()/@total &gt; 500 }">
        <xcl:then>
          <asl:element
              ref-elem="po:free-item"
              min-occurs="0"
              max-occurs="1"/>
        </xcl:then>
      </xcl:if>
    </asl:sequence>
  </asl:element>

  <asl:element name="po:item" root="never">
    <!--content model here-->
  </asl:element>

  <asl:element name="po:free-item" root="never">
    <!--content model here-->
  </asl:element>

  <!--other element definitions here-->

</asl:active-schema>


This schema demonstrates that an imperative operation is used to build the content model during the validation.
The content model of the <items> element will vary according to the total amount found in the incoming document.
Each of the "realizations" or "instanciations" of the element definition and illustrated by the picture below leads to a different abstract tree of the grammar.
But all are expressed in a single self-adaptative schema.
A program that would generate a schema wouldn't have the same expressiveness:
a content model designed on the fly won't necessary produce the same result each time it is traversed.
In fact, the system works like if it was a program that locally build fragments of content models while it is traversed during the validation.
The injection of imperative instructions doesn't change the nature of ASL which is declarative.
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Schematron (as well as assertions in W3C XML Schema 1.1) is a technology that offers similar services;
however, there is a fundamental difference: Schematron act outside content models whereas ASL defines them.
Schematron will report constraints violations after grammar-based validation.
A tool such as an editor will propose to the user to insert a <free-item> whereas Schematron will reject it after the insertion !
ASL will introduce it in the content model only when the conditions are fulfilled, and the editor won't propose it to the user if it doesn't have to.

The reader is encouraged to experiment himself dynamic content models by referring to the RefleX web site:
for example how an algorithmic rule can act on a content model and other various use cases that are available in RefleX.



Semantic, or enhancing the meaning of data types

DTLL, a language for the creation of data type libraries,
provides a rather good support for data types. But neither DTLL nor W3C XML Schema nor XML technologies in general
offer means to design semantic data types.
The semantic of a data type is related to its level of abstractions: Murata defines the following 4 models with different levels of abstractions (we add a 5th at the bottom):


	
Model 4: semantic view: 68° Fahrenheit



	
Model 3: data type view: #xs:decimal temp=68



	
Model 2: XML view:
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Model 1: string view: <?xml version="1.0"?><weather-report temp="68" unit="°F">



	
Model 0: byte view: 3C 3F 78 6D 6C 20 76 65 72 73 69 6F 6E 3D 22 31 2E 30 22 3F 3E 3C 77 65 61 74 68 65 72 2D 72 65 70 6F 72 74 20 74 65 6D 70 3D 22 36 38 22 20 75 6E 69 74 3D 22 B0 46 22 3E





The Model 4 is of course the closest to the concerns of a human being. It is available for systems like Active Tags that can express reliationships between datas.

Unfortunately, XML technologies stop at Model 3, got thanks to a schema; what's happenned if we have to sort the following weather report by temperature ?


<weather-report>
    <city name="Paris"  temp="19" unit="°C"/>
    <city name="Rome"   temp="22" unit="°C"/>
    <city name="Berlin" temp="32" unit="°F"/><!-- 32°F = 0°C -->
    <city name="Madrid" temp="23" unit="°C"/>
    <city name="London" temp="68" unit="°F"/><!-- 68°F = 20°C -->
</weather-report>


In Java, a simple class with a compator interface would convert the temperature units properly.
With XML technologies you won't be able to get the right result;
an inadmissible fact face to other technologies that are able to address this issue.
Actually, although there are classes of applications where XML is unmarshalled to objects of another language that takes the relay to address
this issue, other classes of applications that relies on the XML data model (XDM) such as XSLT and XQuery can't go without such data types[2].
The environment where typed datas are exposed in surface has to play a fundamental role: if OO languages are able to process them,
native XML languages (XSLT, XQuery, Active Tags) should support them as well.

The Active Schema Language supplies means to define data types.
As expected after validation, an active sheet will be able to process the actual typed datas.
With the help of XCL, we are able to augment the amount of informations of an XML document the way we like:


<asl:active-schema
    xmlns:xcl="http://ns.inria.org/active-tags/xcl"
    xmlns:asl="http://ns.inria.org/active-schema"
    xmlns:xs="http://www.w3.org/2001/XMLSchema-datatypes"
    target=""
>

  <!--the root element of a weather report-->
  <asl:element name="weather-report" root="always">
    <asl:sequence>
      <asl:element
          ref-elem="city"
          min-occurs="1"
          max-occurs="unbounded"/>
    </asl:sequence>
  </asl:element>

  <!--a <city> contains only attributes-->
  <asl:element name="city">
    <asl:attribute name="name" ref-type="xs:string"/>
    <!--the @temp attribute refers to our custom type-->
    <asl:attribute name="temp" ref-type="temperature"/>
    <asl:attribute name="unit">
      <asl:text value="°C"/>
      <asl:text value="°F"/>
    </asl:attribute>
  </asl:element>

  <!--#temperature is our custom type
         it will build a typed data based on a #xs:decimal-->
  <asl:type name="temperature" base="xs:decimal" init="{.}">
    <!--asl:element() refers to the current element, actually a <city>-->
    <xcl:if test="{ asl:element()/@unit='°F' }">
      <xcl:then>
        <!--if @unit="°F", the value of the typed data is updated
            $asl:data is the structure bound to the attribute that handles
            the current typed data
            "." is the current data, an #xs:decimal-->
        <xcl:update
            referent="{ $asl:data }"
            operand="{ (value(.) - 32) * 5 div 9 }"/>
      </xcl:then>
    </xcl:if>
  </asl:type>

</asl:active-schema>



The Active Schema Language (ASL) can defines content models and data types like other schema technologies, and also unlike them !
In the above instance, the typed data that will be bound to the attribute will vary according to the temperature unit used in the XML input document.
The following active sheet will sort our weather report correctly:


<xcl:active-sheet
    xmlns:xcl="http://ns.inria.org/active-tags/xcl"
    xmlns:asl="http://ns.inria.org/active-schema">

  <xcl:parse
      name="wr"
      source="weather-report.xml"/>
  <asl:parse-schema
      name="wr-schema"
      source="weather-report.asl"/>
  <!--the "augment" attribute indicates to bind typed datas to XML items in the XDM-->
  <asl:validate
      schema="{ $wr-schema }"
      node="{ $wr }"
      augment="yes"
      deep="yes"/>
  <xcl:echo
      value="List of cities, sorted in temperature order:"/>
  <xcl:for-each
      name="city"
      select="{ xcl:sort( $wr/*/city, @temp ) }">
    <xcl:echo
        value="{ $city/@temp }{ $city/@unit } { $city/@name }"/>
  </xcl:for-each>

</xcl:active-sheet>


In the result, we notice that the attribute value remains the same, whereas the bound typed data was involved in the sort operation:


List of cities, sorted in temperature order:
32°F Berlin
19°C Paris
68°F London
22°C Rome
23°C Madrid


Notice that as explained in the foundations of the system, the engine could also be launched with a custom catalog that refer to our schema;
the <asl:parse-schema> instruction would then be discarded,
and the <asl:validate> instruction wouldn't refer to it.

To go further, we could also imagine another semantic data type that would handle a temperature followed immediately with its scale:

<city name="London" temp="68°F"/>

...and why not allow a mix of the 2 formats in the same document ? ASL support as well this type and types expressed in terms of a choice between several other candidate types.

Those variants are also available at the RefleX web site. The reader is invited to consult the Active Schema Language specification for further informations about semantic data types and polymorphic data types.



Mixins, or collecting schema flavors


Schema mixins can be understand as the ability to mix several schemas. Several solutions, tools, and techniques are already available:


	
NVDL (Namespace-based Validation Dispatching Language) consist on separating the input document to validate
according to the namespaces encountered and validating each chunk with the appropriate schema.
Although several different schema technologies can be involved, for example Relax NG + W3C XML Schema,
each will act on a single namespace URI separately.



	
W3C XML Schema has a mechanism for importing and including other pieces of schema.
But those external parts must be themselves W3C XML Schema.



	
Schematron can be embedded inside a W3C XML Schema, but they are not helping each other.
Each does its job independently of the other.



	
MSV is a Java tool that makes various schema languages converging to a common representation.
This allows the same engine to work with DTD, W3C XML Schema, and Relax NG.



	
DSDLp9 is a draft that brings data types and namespace URIs to DTD. But it is an extension to the DTD language.



	
Relax NG and ASL (as shown in the previous sections) can use W3C XML Schema datatypes.





In all that cases, schemas mixins are partially supported. We can't in the same namespace design two parts of a schema with two different schema technologies. What does it serves for ? Well, some people are addicted to DTDs that after all are part of the XML specifications, and DTD content models are in some cases powerful enough. So why moving to W3C XML Schema ? Perhaps to gain a little in expressivity, or to take the benefits of data types. However, even for this last reason, DTD are still used, the more often simply because they are already written. So, we expect from schema mixins a deeper entanglement of several schema technologies.

Let's take back our previous example: a compatible schema could be also expressed with a DTD:


<!--FILE: weather-report-legacy.dtd-->
<!ELEMENT weather-report (city)+>
<!ELEMENT city EMPTY>
<!ATTLIST city name CDATA #REQUIRED
               temp CDATA #REQUIRED
               unit CDATA #REQUIRED>


The constraints that has been relaxed in this DTD are:


	
the temperature is not numeric



	
the unit can't be expressed with an enumeration of values because °C and °F are not valid XML tokens



	
the relationship between °C and °F can't be expressed





As seen previously, we can design apart with ASL the expected types:


<!--FILE: weather-report-datatypes.asl-->
<asl:active-schema
    xmlns:xcl="http://ns.inria.org/active-tags/xcl"
    xmlns:asl="http://ns.inria.org/active-schema"
    xmlns:xs="http://www.w3.org/2001/XMLSchema-datatypes"
    target=""
>

  <!--#temp-units is the type for temperature units-->
  <asl:type name="temp-units">
    <asl:choice>
      <asl:text value="°C"/>
      <asl:text value="°F"/>
    </asl:choice>
  </asl:element>

  <!--#temperature is the type introduced in the previous section-->
  <asl:type name="temperature" base="xs:decimal" init="{.}">
    <!--asl:element() refers to the current element, actually a <city>-->
    <xcl:if test="{ asl:element()/@unit='°F' }">
      <xcl:then>
        <!--if @unit="°F", the value of the typed data is updated
            $asl:data is the structure bound to the attribute that handles
            the current typed data
            "." is the current data, an #xs:decimal-->
        <xcl:update
            referent="{ $asl:data }"
            operand="{ (value(.) - 32) * 5 div 9 }"/>
      </xcl:then>
    </xcl:if>
  </asl:type>

</asl:active-schema>


The last piece of the puzzle is to "patch" the DTD with ASL. For this purpose, a third schema specifies how to override the definitions of the DTD:


<!--FILE: weather-report-master.asl-->
<asl:active-schema
    xmlns:xcl="http://ns.inria.org/active-tags/xcl"
    xmlns:asl="http://ns.inria.org/active-schema"
    xmlns:xs="http://www.w3.org/2001/XMLSchema-datatypes"
    target=""
>

  <!--redefine only what needed-->
  <asl:element name="city">
    <asl:attribute name="temp" ref-type="temperature"/>
    <asl:attribute name="unit" ref-type="temp-units"/>
    <!--other definitions are preserved-->
    <asl:apply-definition/>
  </asl:element>

</asl:active-schema>


Of course, the two ASL schemas could be merged in a single schema,
but having two shemas allow a rather good independence between the definitions of the custom types and their usages (the patch operation).

As explained previously, an Active Catalog is used to declare the relevant schemas:

<cat:catalog
    xmlns:cat="http://ns.inria.org/active-catalog"
    xmlns:asl="http://ns.inria.org/active-schema">
    <!--if our XML structure had a namespace URI,
        the name attribute below would contain it litteraly-->
    <cat:resource name="" uri="weather-report-master.asl" selector="asl:schema"/>
    <cat:resource name="" uri="weather-report-datatypes.asl" selector="asl:schema"/>
    <!--asl:schema is the selector for all kind of schemas: DTD, ASL, W3C XML Schema,
    Relax NG, others -->
    <cat:resource name="" uri="weather-report-legacy.dtd" selector="asl:schema"/>
</cat:catalog>


We have already seen that an active sheet that performs a
validation don't need to refer to a parsed schema: the engine will lookup in its catalogs for
the relevant resources. With RefleX, the command line interface and the servlet allow to run
an active sheets with a given set of catalogs.
Notice that the order where the resources appear is important: the definitions in the master
schema mask those in the legacy DTD. This is a strategy proper to schema lookup, and other
kind of resources (modules) have their own lookup strategy. Details are available in the
Active Catalog specification.

Other features are available: for example, before applying or after applying the definitions of the DTD,
some content models might be prepend or append to the content model of the DTD if needed.
But a more complex refactorisation of the content model expressed in the DTD wouldn't be possible without overwriting it entirely.

Unlike the previous examples, mixins are in progress in ASL and are not covered by the implementation.

Basically, they work like imports and includes in W3C XML Schema but it demonstrates clearly that a system based on schema cooperation allow to deal with legacy schemas.
Moreover, this is a not intrusive technique unlike ISO/DSDL part 9 mentioned earlier that require to rewrite DTD interpreters.
Additionally, with the help of catalogs, we have a schema machinery that prefer to rely on dedicated components rather than trying to do everything itself.



Hyperschemas, or validating high-level XML components

In the same way that there is a Relax NG schema for Relax NG, a W3C XML Schema schema for W3C XML Schema, let's try to write the ASL schema of ASL.

An element definition is composed of attribute definitions or references, choices, sequences, etc. Let's start to write it:


<asl:active-schema
    xmlns:asl="http://ns.inria.org/active-schema"
    xmlns:xs="http://www.w3.org/2001/XMLSchema-datatypes"
    target="asl"
>

  <asl:element name="asl:element">
    <asl:attribute name="name" ref-type="xs:string"/>
    <asl:choice min-occurs="0" max-occurs="unbounded">
      <asl:element ref-elem="asl:attribute"/>
      <asl:element ref-elem="asl:choice"/>
      <asl:element ref-elem="asl:sequence"/>
      <!--other stuff here-->
    </asl:choice>
  </asl:element>

</asl:active-schema>


However, we have seen that ASL doesn't work alone: we can inject foreign instructions that the engine will use to build the content model.
We could then append in the <asl:choice> a reference to the XCL namespace, which can be written like this:


      <!--any element in the XCL namespace-->
      <asl:element ref-ns="xcl"
                      xmlns:xcl="http://ns.inria.org/active-tags/xcl"/>


...but it is not enough. In fact, since we don't know how the user will define its content model, almost anything should be allowed:
we can't make assumptions about which tag will help him and which one won't. The content model would become:


  <asl:element name="asl:element">
    <asl:attribute name="name" ref-type="xs:string"/>
    <asl:choice min-occurs="0" max-occurs="unbounded">
      <asl:element ref-ns="#any"/>
    </asl:choice>
  </asl:element>


...which means basically: well, everything is accepted. Not so useful.
This is the downside of the system: since almost everything is dynamic, we can't predict which tag will come.
Yet some are acceptable, others aren't.

On the opposite, we do know after running the content model (not this one but those with the if-then-else statement shown in the chapter about dynamicity) that the realization of the schema must conform to the schema that we started to write above (not those with ref-ns="#any", but the one before). Unfortunately, it is designed to validate XML (its static representation), not to validate the underlying software components (its dynamic representation): element definitions, sequences, choices are software components whose relationships are expressed with XML tags. We know how to express constraints on XML tags, but we don't know how to express constraints on such pluggable components because although they are exposed as XML tags they are no longer XML tags at runtime.

ASL doesn't face this kind of validation. We could imagine schemas that would act on a higher dimension of validation -hyperschemas- and schemas that would act on both level, multidimensional schemas. This is a funny thought that was encountered while designing Active Tags, and that of course can be generalized for components that are not related to schemas: in many cases, the author had to express components contents in terms of parts that are static and validable with a schema, and parts that are dynamic and validable with an hyperschema.

So far, no acceptable solution was found.



Conclusion and perspectives

Hyperschemas don't have obviously a practical field of application out of the scope of Active Tags. However, they pose the right questions to similar systems that would need more flexibility and dynamicity in software components assembly.

On the opposite, the other use cases exposed (dynamic content models, semantic typed data, and mixins) are more pragmatic since they address elegantly and efficiently common issues in schema technologies.

We have seen that active content models enhance the expressiveness of schemas, that if a data has some meaning for you, it should have some meaning too for the applications that process it, and that mixins allow DTD-nostalgic people to leverage their usage.

Through those few manifestations of "schemas mashups", we have to admit that there are better solutions than running schemas alone. Actually, ASL is not so different from other schema technologies (DTD, W3C XML Schema, Relax NG, Schematron) but immensely more powerful. By extension, ASL should opens the perspective for declarative languages in general: Active Tags combine a bunch of XML technologies that would help significantly the designers of runnable markup languages.
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Notes
X-operable objects are objects that are exposing their inherent properties as XML properties (name, attributes, children, parent...) and can be processed
    with XML-related operations and traversed with XPath. For example, one can apply //* on a directory of a file system
    to get all the files and directories under the tree.

View note in Notes section
It might be possible to create the target XML result with XQuery, but not to operate the input XDM properly as expected
if it doesn't support such data types. Such a query would be like a procedure aside from the typed data, whereas ASL can define
a type where the datas and the behaviour are bundled together, like in OO designs.

View note in Notes section

	[1]X-operable objects are objects that are exposing their inherent properties as XML properties (name, attributes, children, parent...) and can be processed
    with XML-related operations and traversed with XPath. For example, one can apply //* on a directory of a file system
    to get all the files and directories under the tree.


	[2]It might be possible to create the target XML result with XQuery, but not to operate the input XDM properly as expected
if it doesn't support such data types. Such a query would be like a procedure aside from the typed data, whereas ASL can define
a type where the datas and the behaviour are bundled together, like in OO designs.
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    Introduction


    The W3C XML Query Working Group has published a specification for
    performing full-text queries over instances of the XPath and XQuery Data
    Model using an extension of the XQuery syntax. This is a text retrieval
    facility that operates on an abstract representation of XML trees, rather
    than on text files that happen to contain markup. Elements and their
    attributes are reified into hierarchies of nodes, text leaps into the
    lacunæ and swims between them, and not a pointy bracket in sight.


    This paper compares the XQuery Full Text Facility with a more
    traditional open source text retrieval system, lq-text, and also explores
    the work done to make lq-text become more suitable to the processing needs
    of people who work with XML.


    Disadvantage and advantages of the two approaches are
    discussed.

  

  
    A Brief Description of the Full Text Facility


    Although this paper is primarily concerned with a lexical approach,
    an understanding of the XPath 2 and XQuery approach is useful, and will be
    taken as a baseline for comparison.


    Informally, a full text search is a search to find all documents in
    a collection, or all elements of some specific type (for example)
    containing one or more specific words. For example, one might want to find
    all occurrences of the phrase “warm socks” in a multi-gigabyte corpus of
    text. The underlying assumption of full text is that the implementation
    uses an index that has been constructed separately in advance, although
    this is not necessarily true.


    
      Primary characteristics


      XQuery 1.0 and XPath 2.0 Full-Text 1.0 [FullText-2007] extends XPath 2.0 (and XQuery 1.0 in turn,
      which itself extends XPath 2.0) to add support for explicit syntax for
      full text searches.


      XPath 2.0 is node-based, matching text nodes which are contained
      by element nodes in a collection of XML document trees. The result is a
      Boolean value (when used in an XPath predicate) together with an
      optional numerical score or ranking.


      The Full-Text facility includes a large number of possible
      modifiers, many of which are optional features and may or may or be
      available in any given implementation. These include (for example) both
      query expansion through a thesaurus and also query narrowing using a
      different sort of thesaurus. One can search for two tokens (words, for
      English) within a certain number of tokens, sentences or even
      paragraphs. The optional features are marked as being “at risk” in W3C
      parlance, meaning that unimplemented (or unimplementable) features will
      be dropped from the draft specification before it is published as a W3C
      Recommendation.

    
  

  
    A Brief Description of lq-text


    Lq-text is an open source text retrieval package that was first
    released in 1989. It has had sporadic development since then. Its main
    claims to fame are high precision, good performance (particularly when the
    data does not fit into available virtual memory), flexible concordance
    generation and an open, extensible, multi-process architecture.


    Lq-text operates on text files. It makes an index to the files; this
    index stores the location of each occurrence of each natural-language word
    in all of the files. The resulting index is stored efficiently, and
    generally takes between a quarter and three quarters of the storage size
    of the original documents. The index is an adjunct; lq-text also refers to
    the original files, although these can be compressed to save space if
    needed. The package is designed to work best with many small files rather
    than a few large ones.


    When lq-text indexes files, it can run a format-specific filter on
    each file before indexing it. The list of filters is currently built in to
    the software (but since it is open source, you can in fact change it if
    you wish).


    A suite of separate Unix programs operate on the index for
    retrieval; some of these will be described in this paper. They are used in
    conjunction with each other, using a documented text-based format to
    communicate.


    It is this open architecture that can be exploited to enable
    XML-specific searches, and that is the primary work described in this
    paper.

  

  
    Commonalities Between The Approaches


    An underlying assumption is that some sort of indexing will have
    been performed before queries are run; this is of course for all full-text
    systems, and although in some cases the constructed indexes do not persist
    between invocations of the query software, usually the indexes are kept
    and re-used.


    Although the Full-Text facility operates on trees and lq-text
    operates on flat text files, in practice both systems are matching
    sequence of tokens against an index, and returning matches based on text
    content.


    The XQuery Update Facility allows queries to update documents, and,
    as a result, implementations must be able to re-index documents
    efficiently. Lq-text can also re-index documents, most efficiently when
    both the original and the new version are available.

  

  
    Lq-text and XML: Objectives


    The author wanted to experiment to understand what work would be
    needed to make lq-text be useful for people working with XML documents.
    Some goals of this work included:


    
    
      	
        Make minimal changes to the architecture and index and match
        format, because of limited programming resources;

      


      	
        Retain a small index and efficient retrieval;

      


      	
        Solve common use cases rather than providing extensive and
        general mechanisms.

      

    


    Although lq-text was not (at the start of the work) XML-aware, it
    has the ability to run a format-specific filter program when indexing any
    given document. There was already an SGML filter, but all it did was
    ensure that element and attribute names were not indexed. This filter was
    re-used for XML, modified to allow indexing of elements and attributes.
    But at that point the work had only begun.


    The following use cases were determined sufficient for
    experiments:


    
      	
        Identify all documents containing two or more phrases in the
        same element, for any given element;

      


      	
        Refine the search to an element with a specific attribute set to
        a given value;

      


      	
        Highlight the matches of the search in context;

      


      	
        For a given match, print the parent element and its content, or
        the contents of the parent tag, or a given attribute value, or the
        name of the parent element... possibly constrained to any named
        ancestor element not just the parent.

      

    


    This of course is much less than one might want in a full XML-aware
    text retrieval system. On the other hand, the XPath-based approach taken
    by the Full-Text facility does not support highlighting of matches or
    generation of concordances, and the author felt this to be essential
    functionality, both for research and for industrial or commercial
    use.


    The approach taken was to extend lqkwic, the concordance program, so the paper will
    describe the lq-text architecture and then lqkwic, and then explain the extensions that were
    added. After that, an example program will be shown that uses lqkwic to solve one of the use cases given above.
    At that point we will be able to compare an XQuery or XSLT 2
    solution.


    Support for a subset of XML (“just enough XML, Eh?”) was
    implemented; this subset will also be described, as it may be of interest
    for other people considering adding XML support to older software.

  

  
    Lq-text Architecture in Detail


    Before explaining how lq-text was extended, it is necessary to give
    at least an abbreviated account of how lq-text works.


    Lq-text builds and maintains a separate index for each set of
    documents, which it calls a database.
    When building the index, lq-text applies simple stemming, by reducing words to a root. Currently,
    only plural and possessive forms are recognised and recorded, and other
    forms are indexed separately. This code is specific to the English
    language, and may be removed in a future version, with stemming instead
    being done by term expansion at query time.


    Lq-text comprises a suite of separate programs, and each program
    always uses a single database. For the sake of simplicity in this paper we
    will assume that only a single lq-text database is in use at any time,
    unless otherwise stated.


    Some of the programs included with lq-text are listed for reference
    in the table. Only a few of them will be discussed further in this paper,
    but the table may give the reader a clearer sense of the software.


    
      Table 1Lq-text Programs


        
          	Program

          	Purpose
        

      

      
        
          	lqaddfile

          	Used to add documents to the index, and to manipulate the
          index.
        


        
          	lqunindexfile
          	removes a file from the index.
        


        
          	lqphrase
          	matches one or more exact phrases
        


        
          	lqquery
          	matches words or phrases, but supports wildcard expansion
        


        
          	lqrank

          	reorders results based on the number of documents matched
          (quorum ranking)
        


        
          	lqsort

          	sorts matches by various criteria e.g. by the word before the
          match
        


        
          	lqshow
          	text-terminal (curses) program to show matched text
        


        
          	lqsed
          	process documents, highlighting matches by insertion
        


        
          	lqkwic
          	the main keyword in context concordance program
        

      
    




    Once an index is built (for example with lqaddfile), it can be used.
    A sample search might be as follows:


    $ lqquery "on his face" | lqkwic


    For one small corpus (Brewer's Dictionary of Phrase and Fable, with
    about 17,000 files) the results are as follows:


==== Document 1: xml/1251.xml: Balafré ====
1:t which left a frightful scar on his face (1550–1588).  So Ludovic Lesly, an
==== Document 2: xml/3720.xml: Cloud ====
2: He [Antony] has a cloud on his face.
==== Document 3: xml/6070.xml F ====
3: F is written on his face. “Rogue” is written on his face
4: face. “Rogue” is written on his face. The letter F used to be branded n
==== Document 4: xml/8745.xml Ill Omens ====
5: he happened to trip and fall on his face. This would have been considered a
6: shore at Bulverhythe he fell on his face, and a great cry went forth that i


    Here, the matched text is shown with a few words of context on
    either side, giving rise to the term key word in
    context, KWIC, index.


    Two lq-text programs, lqquery and
    lqkwic, were combined in the search,
    using a Unix pipe; that is, both programs were run concurrently, with the
    output of one being fed as the input to the other. This is a usual way of
    working with lq-text, and although it sometimes requires some thought, it
    does mean that lq-text exploits multi-processor systems well, and also
    works well with Unix and Linux, which were designed to run pipelines of
    small programs very efficiently.


    This description begs the question, exactly what output is passed
    from lqquery to lqkwic in the example? The answer to this question
    exposes the underlying index architecture, and can be seen by running just
    the first program without the second:


$ lqquery "on his face"
3 0 41 2792 1251.xml
3 0 55 11703 3720.xml
3 0 15 14314 6070.xml
3 0 21 14314 6070.xml
3 0 75 17285 8745.xml
3 1 8 17285 8745.xml


    The format, as can be determined by inspection, is a sequence of
    lines of text, and, in each line, a number of space-separated fields. Each
    line represents a single match, and just as there were six results before,
    there are six matches here. The fields are, from left to right, the number
    of words matched, the block in the file, the word in the block, the file
    number and (optionally) the filename.


    The lq-text index does not store exact locations for matches.
    Instead, the location to the nearest block number, and the word within the
    block, are stored. Blocks are by default 128 bytes in size. The result of
    this is that a match location within a file is usually represented by a
    pair of fairly small integers, but that finding the actual intended words
    to highlight requires accessing the file and counting words. This is a
    trade-off: a lq-text index is often much smaller than the indexed files,
    because the average English word is about 5 characters long (depending
    somewhat on the corpus), and it only takes 2 bytes in most cases to store
    the information about a match.


    Lines in the match list starting with a # are
    considered to be comments, and lines of the form
    { variable = value } are used by
    lqkwic to set values that can be used
    later, as we shall see.


    Lq-text programs generally both accept this match format as input
    and produce it as output, so that they can be combined. In particular, the
    lqkwic program can both read and produce
    this format, as we shall see in the next section.

  

  
    The lq-text lqkwic program


    The lqkwic program takes lq-text matches as input, and prints them
    using a user-supplied format, or a built-in format. Matches are grouped by
    file, and another format is used to print the start of each group of
    documents, and yet another can be supplied to be used at the end of each
    group.


    The format takes the form of a string with embedded variables that
    are interpolated each time the format is used. An example may clarify the
    format:


$ lqquery "on his fa*" |
    lqkwic -S '' -A '' -s '${MatchNumber} ${MatchedText}\n'
1 on his father
2 on his face
3 on his favourite
4 on his face
5 on his father
6 on his face
7 on his face
8 on his father
9 on his favourite
10 on his face
11 on his face


    Here, the formats for the start and end of each group of matches
    have been set to the empty string with -S '' and -A
    '' respectively. The per-match format is set to a string in which
    for each match the match number is printed, followed by a space, followed
    by the matched text and (indicated by \n in the grand Unix
    tradition) a newline. The single quotes are used to surround the strings
    to prevent the Unix shell from seeing the dollar signs and treating them
    as references to shell variables.


    Although the MatchedText variable is obviously useful for testing,
    one would normally use it in conjunction with other variables, such as
    TextBefore and TextAfter. The purpose of this section is not to document
    lqkwic, but to give the reader an understanding of the sorts of things one
    can print, since lqkwic has uses that are far removed from concordance
    generation, and since we will shortly be taking advantage of such
    uses.


    The following table shows some of the variables available. In many
    cases, lqkwic must read the actual matched documents (or at least part of
    them), in order to evaluate the variables.


    
      Table 2The lqkwic formatting variables


        
          	Variable

          	Description
        

      

      
        
          	DocName

          	the name of the current document, as stored in the database
        


        
          	FileName

          	the absolute path corresponding to ${DocName}
        


        
          	DocTitle

          	the title of the document
        


        
          	FID

          	the File Identifier Number of the document (an integer)
        


        
          	FileNumber

          	starts at 1, increases for each new document in the output
        


        		


        
          	BlockInFile, WordInBlock

          	these determine the location of the match
        


        
          	NumberOfWordsInPhrase

          	the length in words of the phrase matched
        


        
          	TextBefore

          	the text in the document immediately before the match
        


        
          	MatchedText

          	the document text that exactly matches the phrase
        


        
          	TextAfter

          	the text in the document immediately after the match
        


        		


        
          	MatchNumber

          	starts at 1 and increases for each match
        


        
          	MatchWithinFile

          	like MatchNumber but reset for each new document
        


        
          	StartByte

          	the byte offset in the file at which the match begins
        


        
          	EndByte

          	the byte offset in the file at which the match ends
        


        
          	MatchLength

          	length in bytes of ${MatchedText} (EndByte - StartByte)
        

      
    




    There are also constructs for formatting variables, for padding them
    to a given width (measured in Unicode characters, not bytes), and for
    filtering them through routines that delete punctuation, convert
    punctuation to spaces, perform case conversion and so forth.

  

  
    Extending lqkwic


    The following XML-specific variables were added as an experiment to
    try to understand how viable the approach would be:


    
      Table 3XML-specific Variables


        
          	Variable

          	Description
        

      

      
        
          	XML.Parent.Tag

	  	The content of the containing element's tag, between the
	  angle brackets
        


        
          	XML.ContentBefore

          	Content up to the > of the start tag of the immediately enclosing parent element (including any tags and content that open and close entirely between the match and the parent tag)
        


        
          	XML.Parent.Name

          	the name of the parent element
        


        
          	XML.Parent.EndTag

          	the content of the parent element's end tag
        


        
          	XML.ContentAfter

          	content up to the < of the parent's end tag
        

      
    




    It is not clear that this is sufficient to answer our use case of
    finding multiple phrases in the same XML element. To do that, we would
    need a way to identify parent elements and compare them.


    One could use the File number and the byte offset of the matched
    text (${StartByte}), but this is not sufficient, because
    there may be close and open tags between matches of two phrases.


    One approach to finding phrases with a common containing element
    named (of type) E would be to find all of the start and end tags for E,
    and then use the file, block and word within block numbers to perform
    range algebra.


    But it would be more efficient if this were not needed. In a corpus
    of many files, it is likely that the element E will occur in many files,
    perhaps many times, and searching for them all will be too slow.


    If lqkwic could print the location of the parent tag, a much simpler
    faster algorithm would be possible.


    The notation ->startbyte or
    ->endbyte was added; after any XML variable name, it
    generates the corresponding byte offset in the matched file.


    In addition, the notation XML.parent.Tag.e was added,
    to be similar to the XPath notation ancestor::e; it is
    possible that a future version of lqkwic
    will use the XPath notation, as long as there is no danger that users will
    be confused into thinking that lq-text is using a node-based model
    internally.


    The search for a parent tag is implemented by reading the matched
    document at the block containing the match, and for some distance
    beforehand. lqkwic then searches backwards from the match to find an open
    tag which has no corresponding close tag in the intervening distance. It
    is worth noting that this sort of approach is not generally possible with
    SGML, where empty elements have no end tag. The syntactic innovation of
    XML was to require empty tags to have a trailing slash, as in <p/>
    or <p id="p301" />, and this enables the software to skip empty
    elements reliably. Start and end tags can be skipped more easily of
    course, although the algorithm used for backwards parsing does rely on
    attributes not containing unquoted < or > signs.


    Unfortunately, backwards parsing suffers from a major drawback: the
    search for the parent tag will fail if it is too far away. Although lqkwic
    could in theory read arbitrarily back in the file, this could mean that
    presenting matches in a dictionary would be very expensive, with every
    match processed necessitating a search back to the start of a large
    document.


    In practice, an in-memory cache may be sufficient to achieve
    reasonable performance in most cases. Another possibility might be to
    store parent pointers in the index. For now, lq-text is primarily intended
    for working with many thousands of small files; use XSLT to split large
    files before indexing them.

  

  
    A sample program


    We are now in a position to find all elements E that contain all of
    a set of phrases P0 ... Pn, as follows:


    First, match the phrases, and, for each match, use a format of the
    form ${xml.contentbefore.E->endbyte} to find the end byte
    of the start tag of the parent element of type E; that is, the location
    just after the > at the end of the start tag. If two
    matches have the same value for the start tag, and are in the same file,
    then they share the same XML ancestor E.


    We can match the phrases with a single invocation of lqrank except for one difficulty: there is no way
    to determine, for a given match, to which phrase it corresponds, so we
    cannot determine whether an element contains all of the phrases.


    The lqrank program has the ability
    (when instructed with the -g option) to output a line,
    { q = N } where N is an integer, to
    identify to which result set the following matches correspond. This is
    available to lqkwic formats as the
    variable g.q (the g stands for glue, the unpublished and unfinished lq-text
    integration language).


    Using this, it becomes a relatively simple matter in a language such
    as Perl, Python or even the Unix shell, to run


print phrases one per line |
    lqrank -r all -g -F - |
    lqkwic -s '${FID} ${g.q}
    ${xml.contentbefore.E->endbyte} ${Match}\n'


    Each match is in this way prefixed by the numeric identifier of the
    document in the index (FID), the phrase number and the byte offset of the
    end of the nearest ancestor E element's end tag. The
    -F - option makes lqrank read the list of phrases to match from its
    input, rather than expecting them as command-line arguments; one could
    also use the Unix xargs program for this
    purpose.


    Next we must group the matches by file identifier and startbyte, and
    if every different phrase occurred at least once, we print all the matches
    for that file identifier and startbyte.


    The result can then be fed to lqkwic to generate a concordance, or perhaps to
    fetch information about the parent element, or both.


    The program outlined here (and given in full in the appendix, in the
    Perl programming language) is intended as an example of the sort of
    flexibility that might be achieved as lq-text becomes more XML
    aware.

  

  
    Unicode


    In 1988, the use of 8-bit character sets was pretty usual; lq-text
    is at least 8-bit clean for data, so that conversion to UTF-8 seemed a
    simple matter, and also has some locale awareness. There were two tricky
    parts to the process of adding UTF-8 support. The first was to ensure that
    characters, rather than bytes, were counted when formatting, and of course
    that a UTF-8 octet sequence was never split part-way through.


    The second difficulty was much harder: making sure that combining
    characters are never split from their corresponding base character. This
    last is not yet complete, but initial work using the GNOME glibc library
    is promising. This is the main issue preventing lq-text from being
    shipped, at present, and may have been completed by the time this paper is
    presented in August 2008.


    Software cannot tell by inspecting a singly byte (or octet, as
    standards people say, in case 9-bit systems should reoccur) whether that
    octet forms part of a longer UTF-8 sequence. One needs to scan backwards
    to check, because the first octet is the
    one that indicates the number of octets to follow in the sequence that
    constitutes a single character. This is of course easy to deal with as
    long as one can scan backwards a little. For diacritical marks and other
    combining characters, however, one must consult a database. The author
    could not help but wish that a single bit in the character representation
    could have been reserved for this purpose, but that would have prevented
    Unicode from being backwards-compatible with ISO 8859-1, a goal at the
    time Unicode was designed. A future version of lq-text may use its own
    database, with only the character properties that lq-text needs, perhaps
    created automatically at the same time as each database so as to take
    locale information into account.

  

  
    Comparing with XQuery 1.0 or XSLT 2 + Full Text


    The published draft of Full-Text does not support concordance
    generation, although some implementations in practice (such as MarkLogic)
    do appear to offer the necessary functionality through product-specific
    extensions. The author of this paper considers match highlighting to be
    essential functionality in practice. A future version of Full-Text may
    well include it.


    Let us then assume, as we must, that we are using an XQuery or XSLT
    implementation that supports in some way identifying match locations, and
    hence allows highlighting.


    
      Advantages of Full-Text


      
        	
          With Full-Text, XPath predicates and axes are available, so
          that one can easily find ancestors, parents, position in the element
          tree, and so forth. The lexical approach is very limited in this
          regard.

        


        	
          Full-Text is (or probably will soon be) a standard, and one
          can easily move between implementations. The necessity of using
          vendor extensions for highlighting reduces this somewhat, but of
          course there is only one implementation of lq-text, albeit with
          source code freely available.

        


        	
          An XPath implementation with Full-Text might have indexes for
          element location that enable higher performance, for example by
          using one CPU to find elements and another to resolve the text
          search. Although this sort of optimisation is largely at the
          research level today, it is likely to find its way into products,
          both closed and open source, in the near future. Lq-text uses
          multiple programs, which can run on separate CPUs of course (and
          will do so without any action from the user on a multi-CPU system)
          but there are no plans for finer-grained parallelism.

        


        	
          The Full-Text facility is designed to work with Unicode and
          XML-based language support, giving a high degree of
          internationalisation. Although the author is adding Unicode support
          to lq-text (which previously, because it predated Unicode, used
          8-bit character sets and a locale-based mechanism), it is not yet
          complete and pervasive.

        


        	
          Since lq-text is not tree-based, it does not currently have
          any means to respect xml:lang, nor does it have any understanding of
          namespaces. Prefixed elements and attribute names are not currently
          handled. A solution involving the XML indexing filter is being
          considered for both of these issues, but its effectiveness is as yet
          unknown.

        


        	
          The Full_text XPath extension is already in wider use than
          lq-text; training, support, books and forums are available for it,
          but not for lq-text.

        

      

    

    
      Advantages of a lexical approach


      
        	
          Open access to the match list supports flexibility and
          extensibility. The use of separate programs also allows intermediate
          results to be cached or stored and compared easily. By contrast,
          XQuery (where Full-Text is most likely to be found) is a large
          monolithic language. Open Source XQuery implementations are mostly
          in Java, which does not lend itself to good performance if a JVM
          must be started for each query, for example outside a servlet
          environment. None the less it should be mentioned that the fastest
	  readily available indexed XQuery implementation in the
	  author's experience is in Java, and once
          the JVM is started, is very fast.

        


        	
          Because the data is not forced into the shape of a tree, it is
          possible to experiment, for example with overlapping markup. The
          generation of results by lqkwic can
          include a span from start element to corresponding end element,
	  regardless of other start or end tags.  Although XQuery
	  and XPath 2.0 Full-Text allows for matching as if tags were
	  absent, it does not give good control over which tags are to
	  be treated as word boundaries and which not.  But this is
	  a difficult thing to do at query-time in any case, and
      neither system today has a complete answer for this.

        


        	
          Lq-text can be used to generate non-XML results, for example a
          bitmap image representing a graph of word occurrence. XQuery and
          XSLT are limited to text and XML, although one can certainly write
          out SVG with them.


          [image: Occurrences of four-digit numbers]
              
            A graph showing four-digit numbers along the x-axis, from
            1500 to 1890 (presumably most of which represent years), and on
            the y-axis the number of times that number occurs in the corpus
            (17,000 entries from Brewer's Dictionary of
            Phrase and Fable).

          
Figure 1.Occurrences of four-digit numbers
        


        	
          Experiments with Salton-style similarity functions,
          clustering, and other Information Retrieval techniques might
          eventually find their way back from work like this and into a future
          Full-Text specification. See, for example Salton-1989 or Konchady2006 for
          descriptions of some applicable information retrieval
          techniques.

        


        	
          Lq-text lies more in the world of traditional Unix text
          processing than in the world of relational databases. If one is
          primarily interested in finding content in a database, Full-Text is
          a clear winner. If one is more interested in exploring or searching
          text, perhaps lq-text has something to offer.

        

      

    

    
      JEXE: Just Enough XML, Eh?


      Some XML features were harder to see how to support than others.
      The author has no intent to support all of XML at this time, but just
      enough to be useful. This is regardless of how the XML is parsed. The
      following features are not supported, and are unlikely to be
      supported:


      
        	
          CDATA sections; you can use entities instead. This is because
          the retrieval software does not scan the document from the start
          each time, but from the middle, and cannot determine whether markup
          is part of a marked section.

        


        	
          External general entities (and XInclude); it is more useful
          for people working with XML as files to know the file than the
          document; if you want to resolve included entities, use a
          pre-processor such as xmllint
          before indexing.

        


        	
          Arbitrary namespace support; the limit on namespaces is that
          all xmlns declarations must come
          before any regular attributes. In other words, the order of
          attributes (or pseudo-attributes) is significant. This may change in
          the future; it is because of a limitation in the indexer to do with
          the amount of available look-ahead.

        


        	
          General entities; although support is planned for entities,
          the plan is to read the replacement text from a per-database
          configuration file. This is already done by lqkwic, but should also
          be done by the indexer. This means that per-document entities are
          not supported. External entities are not supported: the unit of
          retrieval is the file, not the document.

        


        	
          The internal subset; currently lq-text can skip over an
          internal subset correctly in most cases (it is possible to construct
          an internal subset that will confuse it, I suspect, although this is
          always detected and a warning issued), but it is not parsed.

        


        	
          Fixed and defaulted attribute values; without reading a DTD or
          internal subset, there are no default values. This could be thought
          of as a minimization feature of SGML that was overlooked during the
          design of XML.

        


        	
          XML Notations; if the DTD were to be read, it might be
          possible to associate a URI or a MIME content type with a different
          tokenisation system, but the document author cannot know what MIME
          type will be used if a file is served on the Web; the DTD is not
          authoritative, and currently lq-text does not use HTTP to fetch
          things, but only works with local files. If lq-text used HTTP,
          behaviour would be based on the content type header for downloaded
          entities, not on any notation value in the DTD. For a local file,
          the notation value could be treated as a list of plausible content
          types, perhaps, but in practice content sniffing is more likely to
          work.

        

      


      The result of this is that a JEXE document consists of an XML
      declaration (the encoding, if given, must be in UTF-8, however), an
      optional doctype declaration to point at an external DTD to be ignored,
      and then one (or more) simple element trees. Elements may have
      attributes, and may also declare namespaces. Namespace prefixes may be
      “normalised” based on a per-database configuration file, with elements
      in a default namespace that is associated with a URI given an explicit
      prefix [This feature is not implemented at the time of writing]. Numeric
      character references are expanded on indexing. Entity references are
      replaced by their per-database string values on retrieval; the plan is
      to index entity references both with their entity name and with their
      expanded value.


      The resulting XML can be parsed “from the middle out” for the
      purposes of retrieval.


      Although there is only support for a subset of XML, enough of the
      syntax is understood that you can index any XML document. However, some
      features, such as CDATA sections, permit the construction of documents
      that will confuse retrieval, even though the actual CDATA sections will
      be correctly parsed. A possible work-around is to process documents with
      XSLT before indexing them, creating surrogate documents.

    

    
      Future Work


      The work has shown that adding some simple XML support to lq-text
      is possible, but leaves a lot to be desired. For people already using
      lq-text, the support described in this paper is useful, but it is
      unlikely to persuade many people to try the package for the first
      time.


      Adding more support for “just enough XML” will make the package
      more interesting. In the short term, extending the Unicode support is
      necessary before a release, as is more thorough testing and (as always)
      more documentation. After that, changes in the indexer to add support
      for (just enough) namespaces, general text entities and numeric
      character references have been sketched out.


      There are no plans to use a full XML parser right now; although
      the author had originally intended to do so, the difficulty in tracking
      exact byte positions in the input delayed the work, and at this point
      although it is now possible, it has become a matter of human
      resources.


      It is possible that the work here would be enough to enable
      lq-text to be used by an implementor of XQuery, and the author would
      like to do experiments in that area.


      Searching a corpus of documents with disparate markup can be
      difficult with either approach, because one tends to write patterns that
      depend on the markup retrieved. One approach is to try to map queries at
      runtime; this can be a difficult problem of matching incompatible
      hierarchies of elements; see Euzenat-2007 on various
      approaches to the problem of matching ontologies. A more pragmatic
      approach is to re-write documents before indexing them, perhaps with
      XSLT. This approach works with both approaches to text retrieval, but
      can be tedious. An intermediate approach might be to define some XPath
      expressions, or to use a W3C XML Schema to impost some specific types,
      to identify sections, titles, paragraphs, and to mark which elements are
      considered to break apart words, phrases and paragraphs. The index could
      then include this information alongside the element structure. More
      experiments in this area are planned.

    

    
      Conclusions


      The author's original goal in adding XML support to lq-text was to
      use lq-text to help optimise an XQuery implementation. After
      experimenting with an XQuery implementation that supported Full-Text,
      the author decided instead to focus on enhancing lq-text to see if the
      results would be useful. It turns out that they are indeed useful, and
      development is continuing.


      It must be admitted, however, that any advantage of lq-text over
      sophisticated XQuery implementations is likely to diminish over
      time.


      The subset of XML supported (and with planned support), “just
      enough XML, Eh?” (JEXE), may be worth documenting separately.

    
  

  
    References


    [Adolphs-2006] Adolphs,
    Svenja, “Introducing Electronic Text Analysis” (Routledge, 2006). A very
    clear and impressively slender introduction to the application of
    information retrieval, and especially the keyword-in-context list, to
    literary and linguistic research.


    [Baeza-Yates-1999] Baeza-Yates, Ricardo, and Marais, H., “Modern
    Information Retrieval” (ACM Press, 1999). Describes information retrieval
    mostly from the perspective of a researcher in text retrieval rather than
    a programmer or a user, and assumes more background knowledge,
    particularly in mathematics, than Manu Konchady’s book, so may be best
    read second.


    [Euzenat-2007] Euzenat, Jérôme and Shvaiko, Pavel, “Ontology
    Matching” (Springer, 2007); a surprisingly clear introduction to problems
    such as relating two or more different classification schemes (such as XML
    schemas) over the same subject matter, although the presentation uses a
    mathematical notation, and some background in formal logic may be
    helpful.


    [Konchady2006] Konchady,
    Manu, “Text Mining Application Programming” (Charles River Media, Boston
    USA, 2006). A useful programmer-level introduction to topics relating to
    implementing and using text retrieval, part-of-speech tagging, clustering
    and other topics, together with just enough mathematics, but not specific
    to any particular language. Includes CD-ROM with code samples in Perl,
    however.


    [Salton-1989] Salton, Gerald,
    “Automatic Text Processing” (Addison-Wesley, 1989). Perhaps a little
    dated, but the late Dr. Salton was extremely influential in the field. His
    earlier, 1983, book formed the basis for a single chapter of this work,
    but the 1983 book is harder to find today.


    [FullText-2007] Sihem
    Amer-Yahia, Chavdar Botev, Stephen Buxton, Pat Case, Jochen Doerre, Mary
    Holstege, Jim Melton, Michael Rys and Jayavel Shanmugasundaram (Editors),
    “XQuery 1.0 and XPath 2.0 Full-Text 1.0” [online]. [cited 18th April
    2008].
    http://www.w3.org/TR/xpath-full-text-10/.

  


    The Apache Qpid XML Exchange

High speed, reliable enterprise messaging using open standards and open source

Balisage: The Markup Conference 2008
August 12 - 15, 2008 · Volume 1 (2008)
Canonical Source

Jonathan Robie

Emerging Technologies
Red Hat
jonathan.robie@redhat.com


Jonathan Robie designed and implemented the Apache Qpid XML
Exchange. He is a member of the Emerging Technologies team at Red Hat.
Jonathan is one of the inventors of XQuery, and is an editor of XQuery
1.1 and several other XQuery specifications. He received an Infoworld
Innovator 2005 award for his work on XQuery.

Before joining Red Hat, Jonathan was the Program Manager for
DataDirect XQuery, and he has also worked on the architectural team
for three XML databases: Software AG's Tamino, Texcel, and POET's CMS.
He has also been an editor for specifications on the W3C XML Schema
and Document Object Model Working Groups.







Abstract
XML is widely used for messaging applications.  Message-oriented
Middleware (MOM) is a natural fit for XML messaging, but it has been
plagued by a lack of standards. Each vendor's system uses its own
proprietary protocols, so clients from one system generally can not
communicate with servers from another system.  Developers who are
drawn to XML because it is simple, open, interoperable, language
independent, and platform independent often use REST for messaging
because it shares the same virtues. When XML developers need
high-performance, guaranteed delivery, transactions, security,
management, asynchronous notification, or direct support for common
messaging paradigms like point-to-point, broadcast, request/response, and publish/subscribe,
they have been forced to sacrifice some of the virtues that drew them
to XML in the first place.  Java JMS is an API, defined only for Java,
and it does not define a wire protocol that would allow applications
running on different platforms or written in different languages to
interoperate. SOAP and Web Services offer interoperability if the same
underlying protocols are used and if the same WSI-protocol is used by
all parties, but at the cost of more complexity than a MOM system. And
as the basic components of enterprise messaging have been added piece
by piece to the original specifications, Web Services have become
complex, defined in a large number of overlapping specifications,
without a coherent and simple architecture.


The new Advanced Message Queueing Protocol (AMQP) is an open, language
independent, platform  independent standard for  enterprise messaging.
It provides  precisely the coherent  and simple architecture  that has
been missing for sophisticated  messaging applications.
Red Hat Enterprise MRG includes a multi-language, multi-platform, open
source implementation of AMQP. We develop the messaging component as
part of the upstream Apache Qpid project. In order to meet the needs
of XML messaging systems, we contributed the Apache Qpid XML Exchange,
which provides XQuery-based routing for XML content and message
properties.  Together, AMQP, Apache Qpid, and the Qpid XML Exchange
provide a solid foundation for mission critical XML messaging
applications.



Copyright © 2008 by the author.  Used with
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Modern software systems are often composed of many separate
programs working together. In simple cases, there may be a few
programs running on one computer; in more ambitious systems, many
programs may be running on various hardware and operating systems on
machines scattered across the world.

These programs may be developed in a variety of languages, including
both traditional programming languages and scripting languages, and
they may include legacy programs written long before there was a need
to communicate with other programs.

Programs may be distributed across an organization, or span the
boundaries of an organization to include key trading partners,
suppliers, and consumers. These programs need to share data, and many
of these programs represent that data as XML. From the very beginning,
XML was designed to make it easier for programs to exchange data,
independent of the languages, platforms, and underlying systems Bosak, and it has been widely used as a way to exchange
data with existing proprietary systems.  But XML defines only the data
format, not the mechanism for exchanging documents among
programs.


In many systems, the requirement is to support message transfer,
allowing one program to send a message that can be received by one or
more other programs. These messages may be simple notifications, or
part of a request/response, publish/subscribe, or similar
pattern. Message-oriented middleware (MOM) provides direct support for
sending and receiving messages, hiding the details of network
communication, and providing guaranteed delivery, high performance,
transactions, and a variety of other features.
Most MOM systems support asynchronous messaging between programs,
typically sending messages to message queues that store a message
until it is retrieved, even if the receiving program is busy or not
connected. These systems are often described using an email analogy -
a program can address a message and send it, or receive the messages
addressed to it.
Other MOM systems use multicast or broadcast messaging instead of or
in addition to asynchronous messaging.



Unfortunately, message-oriented Middleware has been plagued by a
lack of standards. Each vendor's system uses its own proprietary
protocols, so clients from one system generally can not communicate
with servers from another system. For Java programs, most systems
support the Java JMS API, but this is only an API, and does not define
a standard protocol that would allow communication across systems.

The Advanced Message Queuing Protocol (AMQP) AMQP
was developed by a consortium of companies [1] to be an open standard for enterprise level
messaging. It is licensed to allow implementation on a perpetual,
worldwide, royalty-free basis, and will be submitted to a recognized
standards body.[2]

AMQP supports most common messaging idioms, including
request/response, point-to-point, publish/subscribe, and broadcast. It
has security, reliability, transactions, and other basic enterprise
messaging features built in.

AMQP defines a network protocol, which specifies what client
applications and message servers must send over the wire to
interoperate with each other. It also defines a protocol model, which
specifies the semantics an AMQP implementation must obey to be
interoperable with other implementations.  AMQP is already being used
in production systems, where it is serving very high message volumes;
for example, one bank has a worldwide deployment that delivers over
100 million messages per day in a 7 hour trading window in its Tokyo
hub.


Red Hat Enterprise MRG MRG includes a multi-language,
multi-platform implementation of AMQP that provides enterprise level
messaging with guaranteed delivery, transaction management, queuing,
distribution, security, management and heterogeneous multi-platform
support. Client APIs include C++, Java, Python and C# for .NET. A JMS
API is also provided for JMS environments.  We develop the AMQP
implementation as part of the upstream Apache Qpid project Qpid.



The Apache Qpid XML Exchange is a messaging exchange
specifically designed for reliable, high performance XML messaging. In
the XML Exchange, message routing is specified in the broker (not in
the application), using XQuery, based on the content of XML messages,
message properties, or both. Queries can be as simple or as complex as
needed.

Clients can determine which documents they are interested in without
changing the applications that publish XML documents.

The Qpid XML Exchange was developed by Red Hat and contributed to the
Apache Qpid project.





This article discusses the AMQP protocol, shows how to write a basic
messaging application in Apache Qpid, then shows how to write
messaging applications using the Qpid XML Exchange, using XQuery to
specify which messages should be routed to a queue. Finally, we make a
brief comparison between the technologies presented in this paper and
alternative technologies like REST, SOAP and Web Services, Java JMS,
ESB, and ebXML.



Advanced Message Queueing Protocol

The AMQP Model

In the AMQP model, message producers write to exchanges, exchanges
route messages to queues, and message consumers read from queues. AMQP
allows modular architectures that cleanly separate the concerns of
each module; for instance, a message producer can write to an exchange
without knowing which queues its messages will be routed to, and a
message consumer can read from its queues without knowing anything
about the message producer or the exchange to which the message was
written.



Here are the basic components of the AMQP model:



	
A message producer is a program that
writes messages to an exchange. To do this, it creates a
message, fills it with content, gives the
message a routing key[3], and sends it to an exchange. The routing
key is simply a string that the exchange can use to determine to which
queues the message should be delivered[4]. 




	
An exchange accepts messages from message producers and routes them to
message queues if the message meets the criteria expressed in a
binding.




	
A binding defines the relationship between an exchange and a
message queue, specifying which messages should be routed to a given
queue. For instance, a binding might state that all messages with a
given routing key should be sent to a particular queue. If a queue is
not bound to an exchange, it does not receive any messages from that
exchange.



	A message queue holds messages and delivers them to the message
consumers that subscribe to the queue. A message queue may be durable,
which means that the queue is never lost; even if the messaging broker
were to suffer a hardware failure, the queue would be restored when
the broker is restarted. A message queue may be exclusive, which means
only one client can use it. A message queue may also be auto-delete,
which means that the queue will disappear from the server when the
last client unsubscribes from the queue.



	A message consumer is a program
that reads messages from a message queue. A message consumer can
create, subscribe to, share, use, or destroy message queues and their
bindings (as long as it has have permission to do so).







Before delivering a message, the message producer can influence
message handling characteristics by setting various message properties
in the message; for instance, one property determines whether the
message is durable. If a broker supports persistence, it guarantees
durable messages are never lost; even if the messaging broker were to
suffer a hardware failure, all durable messages would be delivered
when the broker is restarted. Another property can be used to specify
message priority; the broker gives higher priority messages precedence
over lower priority messages.  A message producer can use transactions
to ensure that a group of messages are all received. In a transaction,
messages and acknowledgements acknowledgements are batched together,
and all messages in the transaction succeed or fail as a unit.



The exact way that a message is routed depends on the exchange
type. Here are the main exchange types in AMQP:




	A fanout exchange routes messages to every queue
bound to the exchange, ignoring the routing key.



	A direct exchange routes a message only if
a queue's binding key is the same as the message's routing key.



	A topic exchange is similar to a Direct exchange, but it supports
multipart keys that contain multiple words separated by the “.”
delimiter; for instance, a message producer can create messages with
routing keys like usa.news, usa.weather, europe.news, and
europe.weather. Binding keys can include wildcard characters: a “#”
matches one or more words, a “*” matches a single word. Typical
bindings use binding keys like #.news (all news items), usa.# (all
items in the USA), or usa.weather (all usa weather items).






Any of the standard exchange types we have discussed in this
paragraph can be used for exchanging any kind of data, including
XML. Routing decisions are based on the exchange type and the routing
key only; none of these exhange types allow routing based on the
content of a message, and none has any direct support for XML.

The XML Exchange, which is the subject of this paper, is a custom
exchange type that lets programs use XQuery to specify routing for XML
messages. Before we discuss the XML Exchange, we will look at the code
needed for a simple and conventional AMQP program written in Python.






Programming AMQP Applications with Apache Qpid


This section shows how to write a basic AMQP application using Apache
Qpid.  The examples in this section are written in Python and use the
direct exchange.  Like the other native AMQP exchanges, the direct
exchange works well for sending XML messages as long as routing
decisions are not made based on the content of the messages.
Applications that need to do routing based on the XML content of a
message use the XML exchange, which is presented in the following
section.



This application is composed of two programs:




	A message producer that sends
messages to an exchange (which routes messages to the appropriate
message queue).



	A message consumer that creates
a message queue, binds the queue to the exchange, then reads messages
that are sent to its queue.






In this application, messages are published to the direct exchange using the key
"routing_key". The first step is to establish a binding on the server to route
these messages to a queue called "message_queue":



session.queue_declare(queue="message_queue")
session.exchange_bind(exchange="amq.direct", queue="message_queue", 
routing_key="routing_key")



Before these lines can be invoked, the client must log in to the
server and create a session. Here is a complete program that uses the
above two lines to declare a queue:


import qpid
from qpid.client import Client
from qpid.content import Content
from qpid.queue import Empty

#----- Initialization ----------------------------

#  Set parameters for login

host="127.0.0.1"
port=5672
amqp_spec="/usr/share/amqp/amqp.0-10-preview.xml"
user="guest"
password="guest"

#  Create a client and log in to the server.

client = Client(host, port, qpid.spec.load(amqp_spec))
client.start({"LOGIN": user, "PASSWORD": password})

session = client.session()
session.session_open()

#----- Main Body of Program-----------------------

session.queue_declare(queue="message_queue")
session.exchange_bind(exchange="amq.direct", queue="message_queue", 
routing_key="routing_key")

#----- Cleanup -----------------------------------

# Close the session before exiting so there are no open threads.

session.session_close()




The following code publishes 10 messages to the direct exchange
using "routing_key" as the routing key. To create a full program,
simply replace the two lines in the main body of the previous example
with the following lines:



for i in range(10):
  message = Content("message " + str(i))
  message["routing_key"] = "routing_key"
  session.message_transfer(destination="amq.direct", content=message)



Now let's write a program that reads messages from the message queue.
First, the client creates a local queue into which messages will
be read from the server, subscribes to the message queue on the
server, and activates the local queue to start receiving messages. It then reads messages off the queue and prints them::



local_queue_name = "local_queue"
local_queue = session.incoming(local_queue_name)

session.message_subscribe(queue="message_queue", destination=local_queue_name)
local_queue.start()

final = "That's all, folks!"   # In a message body, signals the last message
content = ""           # Content of the last message read

message = None
while content != final:
  message = local_queue.get(timeout=10)
  content = message.body
        session.message_accept(RangedSet(message.id)) # acknowledge message receipt
  print content



This section introduced basic Apache Qpid messaging using a
direct exchange in python. For a more complete tutorial on Apache
Qpid, including point-to-point, broadcast, request-response, and
publish-subscribe applications, with persistence and transactions, in
Java JMS, C++, and Python, see the MRG Messaging Tutorial MRGTutorial.




The Apache Qpid XML Exchange


The Qpid XML Exchange adds two basic capabilities to Apache Qpid: it
can route XML messages based on message content, and it can do more
sophisticated queries based on message properties. In both cases,
queries are expressed in XQuery.


For a Qpid programmer, the main difference between an XML
Exchange and any other exchange is the message binding. In the XML
Exchange, an XQuery is provided to indicate which documents should be
routed for a given binding.



A Simple Example

The following code declares an XML
exchange and uses an XQuery to specify that all messages with
odd-numbered ids should be routed to a queue named "message_queue":



session.exchange_declare(exchange="xml", type="xml")
session.queue_declare(queue="message_queue")

binding = {}
binding["xquery"] = "./message/id mod 2 = 1"

session.exchange_bind(exchange="xml", queue="message_queue", 
routing_key="routing_key", args=binding)



A publisher can write XML messages to this message queue with no
knowledge of the query, it needs only the name of the XML exchange so
it can specify the destination:



for i in range(10):
  message = Content("<message><id>" + i + "</id></message>"))
  message["routing_key"] = "routing_key"
  session.message_transfer(destination="xml", content=message)



A consumer needs no knowledge of the publisher or the XML
Exchange, it simply reads messages from its queue, as shown in the
previous section.



A Weather Alert

Time to go Sailing!

Now let's explore an application that uses the XML Exchange in a
publish/subscribe application using weather observations from the
National Oceanic and Atmospheric Administration's National Weather
Service NWS.  In this application, each
individual can set up a persistent queue, to which alerts are sent,
and identify weather conditions that should trigger an alert. For
instance, I like to sail small sailboats, and I live in Durham, NC, so
I might ask for a weather alert whenever it is really good weather for
sailing.


This example is composed of two programs:





	A message producer that sends
weather notifications in XML to an exchange (which routes messages to
the appropriate message queues).



	A message consumer that creates
a message queue, binds the queue to the XML exchange using an XQuery
to indicate messages it wants to receive, then reads messages that are
sent to its queue.





In this application, a producer posts messages to an XML
exchange named "weather" in the National Weather Service's standard
XML format. Here is one message in that format:



<current_observation version="1.0"
xsi:noNamespaceSchemaLocation="http://www.weather.gov/data/current_obscurrent_observation.xsd">
<credit>NOAA's National Weather Service</credit>
<credit_URL>http://weather.gov/</credit_URL>
<image>
<url>http://weather.gov/images/xml_logo.gif</url>
<title>NOAA's National Weather Service</title>
<link>http://weather.gov</link>
</image>
<suggested_pickup>15 minutes after the hour</suggested_pickup>
<suggested_pickup_period>60</suggested_pickup_period>
<location>Raleigh-Durham International Airport, NC</location>
<station_id>KRDU</station_id>
<latitude>35.88</latitude>
<longitude>-78.78</longitude>
<observation_time>Last Updated on Apr 21, 2:51 pm EDT</observation_time>
<observation_time_rfc822>Mon, 21 Apr 2008 14:51:00 -0400 EDT</observation_time_rfc822>
<weather>Mostly Cloudy</weather>
<temperature_string>67 F (19 C)</temperature_string>
<temp_f>67</temp_f>
<temp_c>19</temp_c>
<relative_humidity>57</relative_humidity>
<wind_string>Variable at 7 MPH</wind_string>
<wind_dir>Variable</wind_dir>
<wind_degrees>999</wind_degrees>
<wind_mph>6.9</wind_mph>
<wind_gust_mph>NA</wind_gust_mph>
<pressure_string>29.95" (1014.0 mb)</pressure_string>
<pressure_mb>1014.0</pressure_mb>
<pressure_in>29.95</pressure_in>
<dewpoint_string>51 F (11 C)</dewpoint_string>
<dewpoint_f>51</dewpoint_f>
<dewpoint_c>11</dewpoint_c>
<heat_index_string>NA</heat_index_string>
<heat_index_f>NA</heat_index_f>
<heat_index_c>NA</heat_index_c>
<windchill_string>NA</windchill_string>
<windchill_f>NA</windchill_f>
<windchill_c>NA</windchill_c>
<visibility_mi>10.00</visibility_mi>
<icon_url_base>http://weather.gov/weather/images/fcicons/</icon_url_base>
<icon_url_name>bkn.jpg</icon_url_name>
<two_day_history_url>http://www.weather.gov/data/obhistory/KRDU.html</two_day_history_url>
<ob_url>http://www.nws.noaa.gov/data/METAR/KRDU.1.txt</ob_url>
<disclaimer_url>http://weather.gov/disclaimer.html</disclaimer_url>
<copyright_url>http://weather.gov/disclaimer.html</copyright_url>
<privacy_policy_url>http://weather.gov/notice.html</privacy_policy_url>
</current_observation>



The message consumer is an application that allows me to
subscribe to this weather feed, specifying conditions for my alerts
based on the data available in such a message. On my little sailboats,
I especially like to sail when the local weather is at least 60
degrees Fahrenheit, the wind is between 7 and 15 miles per hour, and
the temperature is at least 10 degrees above the dewpoint (so it is
unlikely to rain). The application would have a GUI to allow me to
specify these kinds of conditions, and would generate an XQuery for
the XML binding. Here is a query that expresses these
conditions:



let $obs := ./current_observation
return $obs/station_id = 'KRDU'
   and $obs/wind_mph >= 7
   and $obs/wind_mph <= 20
   and $obs/temp_f > 60
   and $obs/temp_f - $obs/dewpoint_f >= 10



Of course, this is very individual. My friend Jim has a 40 foot
sailboat in Clearwater, and his sailboat just starts to get moving at
speeds that would be very challenging in my little sailboat. So he
might specify very different values for wind speeds. And I have other
friends whose weather-related interests have nothing to do with
sailing - perhaps someone would simply like an alert when it looks
like it will rain. Each of us can declare an exclusive queue with a
binding that expresses which messages we are interested in, as
illustrated in the following code:



# Use a UUID as the name of the queue
# to guarantee a unique queue name
uuid = uuid()
session.queue_declare(queue=uuid, exclusive=True)

binding = {}
binding["xquery"] = """
  let $obs := ./current_observation
    return $obs/station_id = 'KRDU'
      and $obs/wind_mph >= 7
      and $obs/wind_mph <= 20
      and $obs/temp_f > 60
      and $obs/temp_f - $obs/dewpoint_f >= 10"""

session.exchange_bind(exchange="xml", queue="message_queue", 
routing_key="routing_key", args=binding)




Querying Message Properties

When the data used by clients is flat, and clients are
interested in the same properties, a message producer can bind these
properties to a message so they can be accessed without parsing the
message content, which may be faster, since the message content need
not be parsed. When used in this way, the XML Exchange operates much
like Java JMS selectors.


In the XQuery used for binding, message properties are bound as
external variables of type string. The query must declare these
external variables before using them.  The XML Exchange binds the
message properties to the corresponding variables before the query is
invoked. Here is the query from the previous example expressed using
message properties instead of XML message content:



declare variable $station_id as xs:string external;
declare variable $wind_mph as xs:string external;
declare variable $temp_mph as xs:string external;
$station_id = 'KRDU'
and xs:decimal($wind_mph) >= 7
and xs:decimal($wind_mph) <= 20
and xs:decimal($temp_f) > 60
and xs:decimal($temp_f) - xs:decimal($dewpoint_f) >= 10



Properties and XML content can both be used in the same
query. In the following query, the station identifier is read from the
message content, but the wind speed and temperature are read from
message properties:



declare variable $wind_mph as xs:string external;
declare variable $temp_mph as xs:string external;
./current_observation/station_id = 'KRDU'
and xs:decimal($wind_mph) >= 7
and xs:decimal($wind_mph) <= 20
and xs:decimal($temp_f) > 60
and xs:decimal($temp_f) - xs:decimal($dewpoint_f) >= 10





XML Messaging in the REST/SOAP/ESB Landscape


XML applications already have a bewildering number of choices
for exchanging data. Many applications already use REST Fielding, SOAP Soap1 Soap2, ebXML ebXML, Enterprise Service
Buses ESBWiki, Java JMS Messaging JMS, or any one of the dozens of other available choices
now available. Each of these sytems has advantages and disadvantages,
and a thorough comparison to these systems is beyond the scope of this
paper. This section attempts to point out some of the fundamental
design characteristics of AMQP and the XML Exchange to make it easier
for readers to make their own comparisons.


Like REST, AMQP is simple[5], open, platform independent, and programming
language independent. However, REST is designed only for client/server
request/response interaction, and because it relies on HTTP, it is a
synchronous protocol. AMQP supports request/response together with
other common patterns such as point-to-point, broadcast, and
publish-subscribe, which allows it to define communication among
messaging clients, not just communication to a server. AMQP is an
asynchronous protocol, which is much more suitable for
high-performance systems, though synchronous patterns are also
supported in the Qpid APis.


Java JMS provides broad support for these kinds of messaging
patterns, but it is a Java API, with no support for other languages,
and it does not define an interoperable protocol, allowing each
implementation choose how to exchange data. As a result, Java JMS does
not provide interoperability across languages or across messaging
systems.



SOAP and Web Services support many of the same messaging
patterns as AMQP, are language and platform independent, and can also
be used to achieve interoperable messaging if all parties agree on the
communication protocol and on a given WS-I profile. AMQP is smaller in
scope and more narrowly focused on messaging per se; it is designed to
be as simple as possible while still providing robust and complete
support for messaging. An AMQP server would probably be an excellent
basis for implementing a SOAP server. Unlike SOAP, AMQP message
headers and basic routing information are not contained in XML. This
allows more efficient processing, since XML parsing is slow compared
to the speed with which routing decisions are made in high-performance
messaging systems, and it also cleanly separates message content from
envelope information.[6] Another
difference is that XML is just one of the formats supported by AMQP,
and messages can be in any desired format (but the XML Exchange was
designed for XML messages). Another advantage of AMQP is that there is
just one specification, and only one way to claim conformance, so
interoperability does not require agreeing on specific protocols. This
is simpler and more interoperable than the SOAP family of
specifications WSActivity Oasis
WS-I, which specify basic messaging functionality in
a variety of unrelated and overlapping specifications, from different
organizations, while other organizations specify profiles that can be
used for interoperability.


Much of what was said in the previous paragraph also applies to
ebXML. AMQP would be an excellent technology for implementing ebXML
messaging, and can be used as a bridging technology between ebXML
systems and other systems. But AMQP does not attempt to address
anything beyond messaging.


Similarly, an Enterprise Service Bus generally refers to a more
complex system build on top of an enterprise messaging system. AMQP is
such an enterprise messaging system. But XML-based routing is a
prominent feature in some ESB systems, and the XML Exchange provides
this feature, inegrated into an AMQP server.






Summary


AMQP provides a coherent, simple architecture for high
performance, reliable messaging that is interoperable across
implementations and supports most common messaging paradigms. Apache
Qpid is a multi-platform, multi-language implementation of AMQP.

The Qpid XML Exchange provides XML-based routing in an AMQP server,
using XQuery to express routing criteria based on message content and
message properties.

Together, they provide the simplicity of REST
together with the broad support for enterprise messaging that SOAP
aspires to achieve. They provide a solid foundation for mission
critical XML messaging applications, and vastly simplify the task of
writing XML messaging software.
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    Introduction

    
      To process XML documents using a programming language, one can
      basically choose from two different application programming
      interfaces (APIs). The Simple API for XML
      processing (SAX)  is an event-centric interface, while the
      Document Object Model (DOM) provides
      a sophisticated object structure to work with XML
      documents.
      This contribution introduces an event-centric API to work
      with XCONCUR documents, which is inspired by the XML's SAX-API.
    

    
      Section 2 gives a brief overview of
      the XCONCUR document syntax, in section 3 an event-centric XCONCUR API is described
      and in section 4 contains an
      outlook on further work.
    

  

  
  
    XCONCUR

    
      XCONCUR is an extension to XML with major goal to
      provide an convenient method for expressing concurrent
      hierarchies. An XCONCUR document may contain an arbitrary number
      of annotation layers. Each layer can be transformed to a
      well-formed XML document by a simple filtering
      process. Therefore, an XCONCUR document can be seen as set of
      inter-woven XML documents. Figure 1
      shows an XCONCUR example document with two annotation
      layers. Each tag is prefixed by an annotation layer id and thus
      assigned to a layer. The XCONCUR schema declarations
      allow to assign an annotation schema to each layer. The
      annotation schema may be written in any of the current XML
      schema languages, e.g. DTD, XML Schema or RELAX NG. If an
      annotation schema has been assigned to an annotation layer, the
      layer is validated using this schema. While the use of
      annotation schemas is optional, an XCONCUR document is required
      to be well-formed: each XCONCUR document can be decomposed in a
      set of XML documents, by selecting one layer and removing the
      tags from other annotation layers and the annotation layer
      prefixes. The resulting XML documents are required to be
      well-formed. Additionally, an XCONCUR constraint declaration can
      optionally be used to associate an XCONCUR-CL constraint set to
      the document, which allows cross-tree validation. For details
      see Schonefeld2007 and Witt2007.
    


    <?xconcur version="1.1" encoding="iso-8859-1"?>
<?xconcur-schema layer="l1" root="div" system="teispok2.dtd"?>
<?xconcur-schema layer="l2" root="text" system="teiana2.dtd"?>
<?xconcur-constraint system="peterandpaul.xcs" xconcur:l1="L1" xconcur:l2="L2"?>
<(l1)div type="dialog" org="uniform">
  <(l2)text>
      <(l1)u who="Peter">
    <(l2)s>Hey Paul!</(l2)s>
      <(l2)s>Would you give me
    </(l1)u>
    <(l1)u who="Paul">
      the hammer?</(l2)s>
    </(l1)u>
  </(l2)text>
</(l1)div>

    
Figure 1.XCONCUR example
  

  
  
    An event-centric application programming interface

    
      The event-centric API for processing XCONCUR documents is
      heavily inspired by XML's SAX API (see SaxAPI). It provides a very low-level approach for
      working with XCONCUR documents. While processing a document, the
      parser emits a series of events. An application may receive
      those events and perform custom actions, e.g. build an in-memory
      representation of the document. Since the application ultimately
      decides which events to accept and how to handle them, the
      parser only has to build up a very minimal in-memory
      representation to perform it's work. This streaming approach is
      therefore quite memory-efficient.
    

    
      The API basically defines a number of start events, which
      signal the beginning of an entity in the parsed document (e.g. a
      start tag) and their corresponding counterparts. The event signaling
      character data is an exception, since only a sole character data
      event exists without any start or end event. The following list
      contains the events, which are defined by the API. All events
      marked with an asterisk are unique the XCONCUR API, all others
      have been adapted to cope with more than one annotation
      layer.
    

      
        	Start Document ()

        	
          
            The beginning of the document has been detected. This event
            is sent after the XCONCUR declaration has been read.
        

        

      

      
        	End Document ()

        	
          
            The end of the document has been detected. This
            event is sent, when the document has been processed completely.
          

        

      

      
        	Start Layer (layer)*

        	
          
            A new annotation layer has been detected. This is event is
            sent, either if an XCONCUR layer declaration has been
            processed or if the root tag of a new annotation layer has
            been found. The name of the annotation layer prefix is
            provided.
          

        

      

      
        	End Layer (layer)*

        	
          
            The end of an annotation layer has been detected, This
            event is send after the matching end tag for the
            annotation layer's root element has been processed. The
            name of the annotation layer prefix is provided.
          

        

      

      
        	Start Primary Data ()*

        	
          
            This events signals the beginning of the character data of
            the document. It is sent, after the root element for all
            annotation layers in the document have been processed.
          

        

      

      
        	End Primary Data ()*

        	
          
            This events signals the end of the actual character data
            of the document. It is sent, right before the first end
            tag of a root element for any annotation has been
            processed.
          

        

      

      
        	Start Prefix Mapping (layer, prefix, uri)

        	
          
            This event signals the beginning of the scope of a
            namespace prefix mapping on a layer. It is sent
            just before start tag event of the element, which declares
            the prefix mapping, is emitted. The event carries
            information about the annotation layer, the namespace
            prefix and the namespace URI is provided. If an element
            defines more than one prefix mapping, the start prefix
            mapping events may occur in any order.
          

        

      

      
        	End Prefix Mapping (layer, prefix, uri)

        	
          
            This event signals the end of the scope of a
            namespace prefix mapping on a layer. It is sent just after
            the end element event for the element, which declared the
            mapping, was emitted. The event carries information about
            the annotaion layer, the namespace prefix and the
            namespace URI is provided. If an element defined more than
            one prefix mapping, the end prefix mapping events may
            occur in any order.
          

        

      

      
        	Characters (characters)

        	
          
            This event signals the character data. More then one
            character data events my be emitted for one chunk of
            character data in the document.
          

        

      

      
        	Start Element (layer, uri, localname,
        qname, attributes)

        	
          
            A start tag has been detected. The event carries the
            annotation layer prefix, the namespace URI, the local
            name and the qualified name of the tag. Furthermore, a list of
            attributes is available. This list is either empty, if the
            element has no attributes or contains the namespace URI,
            local name, qualified name and value for each attribute.
          

        

      

      
        	End Element (layer, uri, localname, qname)

        	
          
            A end tag has been detected. The event carries the
            annotation layer prefix, the namespace URI, the local
            name and the qualified name of the tag.
          

        

      

    

  
    The major difference to XML's SAX-API is that all events, except
    the characters event, have been modified to also carry the
    annotation layer id, so an application can also take this
    information into account. Furthermore, the start/end layer and
    start/end primary data events have been added. The start/end layer
    events provide an easy mechanism for the application to determine
    which annotation layers exist in an XCONCUR document and perform
    actions, e.g. allocating memory for each layer. Strictly speaking,
    one could derive this information from other events
    (e.g. checking, if the just received start element event carries
    an yet unknown annotation layer id), but by providing the
    start/end layer events, the API eases writing the application,
    since the programmer can rely upon these events. The same hold for
    the start/end primary data events. They signal the start and end
    of the actual character data for a document.
  

  
    The XCONCUR SAX-API provides various classes and interfaces. The
    most important entities of the XCONCUR SAX-API are the
    XConcurReader and ContentHandler
    classes. The XConcurReader class encapsulates the
    underlying parser[1]. The ContentHandler defines
    an interface, which needs to be implemented by user's program and
    acts as the message sink for the events generated by the
    parser. The whole API consists of various other auxiliary classes,
    e.g. provide abstract input sources for reading XCONCUR documents
    or error reporting classes.
  

  
    Figure 2 shows an excerpt of a class
    implementing the ContentHandler interface. Given this
    class, a typical sequence for parsing an XCONCUR document is shown
    in Figure 3.
  


  class MyContentHandler : public ContentHandler {
public:
  virtual void StartElement(const char* const layer,
                            const char* const uri,
                            const char* const localname,
                            const char* const qname,
                            const Attributes &attrs) {
    if (strcmp(layer, "l1")) {
      // do something for start element events on layer "l1"
    }
  }

  virtual void EndElement(const char* const layer,
                          const char* const uri,
                          const char* const localname,
                          const char* const qname) {
    if (strcmp(layer, "l1")) {
      // do something for end elements events on layer "l1"
    }
  }

  // ...
}; // class MyContentHandler

  
Figure 2.An example implementation of ContentHandler
    interface

  try {
  // create reader instance
  XConcurReader *reader = XConcurReaderFactory::CreateReader();

  // class 'MyContentHandler' extends the ContentHandler interface
  MyContentHandler handler;

  // register content handler with reader
  reader->SetContentHandler(handler);

  // create input source
  // NOTE: 'input' is an InputStream object which points to an XCONCUR file
  InputSource source(input);

  // parse document
  reader->parse(&source);
} catch (XConcurException &e) {
  // handle exception
}

  
Figure 3.Typical sequence to invoke the parser

  
    The C++ reference implementation of the XCONCUR SAX-API contains a
    program called xconcurlint. It uses the API to read
    an XCONCUR document and prints the events, which are emitted by
    the parser. Figure 4 shows a
    transcript of the parse of the XCONCUR document from figure 1. The event types are printed in curly
    brackets. Other event specific information, like annotation layer
    prefix or element name are also printed.
  

  {START LAYER} l1
{START ELEMENT} l1, div
                 type = dialog
                 org = uniform
{START LAYER} l2
{START ELEMENT} l2, text
{START PRIMARY DATA}
{CHARACTERS} "\n      "
{START ELEMENT} l1, u
                 who = Peter
{CHARACTERS} "\n    "
{START ELEMENT} l2, s
{CHARACTERS} "Hey Paul!"
{END ELEMENT} l2, s
{CHARACTERS} "\n      "
{START ELEMENT} l2, s
{CHARACTERS} "Would you give me\n    "
{END ELEMENT} l1, u
{CHARACTERS} "\n    "
{START ELEMENT} l1, u
                 who = Paul
{CHARACTERS} "\n      "
{CHARACTERS} "the hammer?"
{END ELEMENT} l2, s
{CHARACTERS} "\n    "
{END ELEMENT} l1, u
{CHARACTERS} "\n  "
{END PRIMARY DATA}
{END ELEMENT} l2, text
{END LAYER} l2
{END ELEMENT} l1, div
{END LAYER} l1

    
Figure 4.Output created by the xconcurlint utility
  

  
  
    Conclusion

    
      The XCONCUR SAX-API provides a very low-level, yet powerful,
      interface for processing XCONCUR documents. It is a relatively
      simple and easy interface to work with XCONCUR
      documents. Programmers, who are familiar with XML's SAX-API,
      should feel at ease with XCONCUR API really quickly. The API
      makes very few assumptions about the underlying parser and
      provides a uniform interface for using parser implementations
      from different vendors. Furthermore, the API can easily be
      ported to different programming languages. A C++ and a Java
      reference implementation is available[2]. For the Java language bindings, the
      API is implemented in plain Java, while parser uses the C++
      implementation of the parser.
    

    
      Future work involves creating a object based API similar to
      XML's DOM-API. Conceptional work for this is currently underway
      and the XCONCUR-DOM parser will be built upon the XCONCUR-SAX
      parser. Furthermore, the Mascarpone XCONCUR editor needs to be
      overhauled to use the new APIs.
    

  

  
  
    API interfaces

    
      This appendix lists the most fundamental interfaces of the
      XCONCUR SAX-API. The full API contains a few more interfaces and
      classes.
    

    class XConcurReader {
public:
  virtual ContentHandler* GetContentHandler() const = 0;

  virtual void SetContentHandler(ContentHandler *handler) = 0;

  virtual ErrorHandler* GetErrorHandler() const = 0;

  virtual void SetErrorHandler(ErrorHandler *handler) = 0;

  virtual void Parse(InputSource *source) = 0;

  virtual void SetFeature(const char* const name, const bool value) = 0;

  virtual bool GetFeature(const char* const name) = 0;

  virtual ~XConcurReader();
}; // class XConcurReader

    
Figure 5.XConcurReader interface
    class ContentHandler {
public:
  virtual ~ContentHandler();

  virtual void StartDocument() = 0;

  virtual void EndDocument() = 0;

  virtual void StartLayer(const char* const prefix) = 0;

  virtual void EndLayer(const char* const prefix) = 0;

  virtual void StartPrimaryData() = 0;

  virtual void EndPrimaryData() = 0;

  virtual void StartPrefixMapping(const char* const layer,
                                  const char* const prefix,
                                  const char* const uri) = 0;

  virtual void EndPrefixMapping(const char* const layer,
                                const char* const prefix) = 0;

  virtual void Characters(const char* const chars,
                          const size_t offset,
                          const size_t len) = 0;

  virtual void StartElement(const char* const layer,
                            const char* const uri,
                            const char* const localname,
                            const char* const qname,
                            const Attributes &attrs) = 0;

  virtual void EndElement(const char* const layer,
                          const char* const uri,
                          const char* const localname,
                          const char* const qname) = 0;
}; // interface ContentHandler

    
Figure 6.ContentHandler interface

    class Attributes {
public:

  virtual int GetLength() const = 0;

  virtual int GetIndex(const char* const qname) const = 0;

  virtual int GetIndex(const char* const uri,
                       const char* const localname) const = 0;

  virtual const char* const GetQName(const int idx) const = 0;

  virtual const char* const GetURI(const int idx) const = 0;

  virtual const char* const GetLocalName(const int idx) const = 0;

  virtual const char* const GetType(const char* const qname) const = 0;

  virtual const char* const GetType(const char* const uri,
                                    const char* const localname) const = 0;

  virtual const char* const GetType(const int idx) const = 0;

  virtual const char* const GetValue(const char* const qname) const = 0;

  virtual const char* const GetValue(const char* const uri,
                                     const char* const localname) const = 0;

  virtual const char* const GetValue(const int idx) const = 0;

  virtual bool IsDeclared(const char* const qname) const = 0;

  virtual bool IsDeclared(const char* const uri,
                          const char* const localname) const = 0;

  virtual bool IsDeclared(const int idx) const = 0;

  virtual bool IsSpecified(const char* const qname) const = 0;

  virtual bool IsSpecified(const char* const uri,
                           const char* const localname) const = 0;

  virtual bool IsSpecified(const int idx) const = 0;

protected:
  virtual ~Attributes();
}; // interface Attributes

    
Figure 7.Attributes interface
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      evaluation and academic purposes upon
      request.
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Abstract

 In the early days of XML, there seemed to be a new XML parser just about
 every week. This was in stark contrast to SGML where there might be half a
 dozen working parsers ever written. As XML matured and SAX became the first defacto XML
 parser API, the new parser stream pretty much slowed to a trickle.
 Once robust XML parsers, such as Expat,
 became widely available, there seemed little reason left to write you own parser.
 Expat is robust, fast, and still provides the XML under pinnings for many programming
 languages.


I believe there remain many valid reasons for writing your own markup
	 language parser. This paper identifies reasons you might want to write a custom
	 parser and examines the choices I made writing mlParser.
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Introduction

	 XML and SGML parsers are available that are mature, robust,
		and widely used. It's not like the early days of XML when it seemed that every new
		week brought a new parser. Soon, the first SAX-based XML parsers appeared,
		followed by DOM (Document Object Model) parsers with standard APIs. Once
		high-quality validating parsers, such as Expat and AElfred, became widely available,
		the community seemed to lose interest in writing new parsers. Many of
		the early XML parsers were non-validating because they were considerably easier to write
		than validating parsers.

	 SAX was originally patterned after the ESIS (Element Structure Information Set)
        output from the SGMLS and NSGMLS
		SGML parsers. (See ClarkJ)
		DOM implementations usually use an underlying SAX parser to feed the
		content to the DOM objects. SAX-based applications are generally faster and
		require less memory than a DOM-based application. My experience is that an
		event-based parsing model, like SAX, can easily handle 80% to 90% of XML applications.
		Either are appropriate for the next 5% to 10% of applications, and the last 5%
		of applications really need DOM or something similar.

	 Even with numerous XML parser options, I have never been completely
		satisfied with the available XML parsers because I still deal with SGML and other
		markup languages. The remainder of this paper looks at reasons for
		writing a parser. Questions that you should ask yourself before starting to write
		a custom parser and the road to writing my own mlParser are also examined.



	 What's A Markup Parser

	 A markup language, such as XML, is a language for writing application-level
           markup languages. HTML and DocBook are examples of application-level
		markup languages. The dual use of the term "markup language" is especially
		confusing to non-technical people. Wikipedia's definition of SGML
             (See WikipediaSGML) describes it
		as "a metalanguage in which one can define markup languages" and I believe the
		term metalanguage is appropriate. Wikipedia further defines markup language as "a
		set of annotations to text that describe how it is to be structured, laid out,
		or formatted."

	 Both SGML and XML use "<" and ">" to delimit markup.  Common usage
		has evolved to the point that just about any markup that uses "<" and ">"
		is called XML. Notice that I have been using the term "markup language parser" instead
		of "XML parser" for the most part so far. This is done on purpose. 

	 There are four types of markup language
		in use that I know of:

	 
	    	SGML


			XML


			WordML


			*SP


	 

	 HTML and DocBook are not included in the list because they are
	 XML/SGML application-level markup languages, not markup meta languages.
	 WordML and *SP are not meta-markup lanugages. However, their syntax
	 sufficiently differs from XML and SGML such that normal parsers don't handle
	 them either. They are included to show markup that might require a
	 custom parser to process, and because mlParser can handle both.
	 

	 SGML, or Standard Generalized Markup Language, is an ISO standard. Its
		heritage is in the publishing industry and it has an IBM General Markup Language
		(GML) lineage. Computers in the early days had limited processing power for the
		individual, which translated to no SGML editor that performed real-time validation
		and formatting. Therefore, SGML contained many features to minimize the
		keystrokes required to enter content. For example, end tags could be declared optional.
		The structure of an SGML document is defined by a Document Type Definition (DTD).
		SGML is a markup metalanguage. My general belief is that SGML is still best for
		defining publishing markup languages.

	 XML, or eXtensible Markup Language, has its roots in the database
		world. It is a direct result of Tim Bray's work at OpenText for handing
		structured data that may or may not be SGML compliant. XML is also a markup
		metalanguage. Element structure may be defined thru a variety of "languages"
		including DTDs, Schemas, and RelaxNG. It is an SGML subset with just enough
		syntax differences to prevent processing markup files with each other's tools.
		I know because I tried for years to treat markup as SGML for some tools and the
		same markup as XML with other tools with limited success. 

	 XML also introduced the concept of valid versus well-formed XML documents. A
		valid document is one that has been validated successfully against its DTD or Schema with a
		validating parser. A well-formed document is one that has matching start and
		end tags and follows the other rules of XML markup syntax. A well-formed
		document may or may not be valid. For that matter, it may or may not have a DTD
		or Schema.

	 There is no concept of well-formed documents in SGML, only
		valid or not valid. Most SGML tools validate the document every time it is
		used. A common real-world view is that a document only needs to be validated in
		specific cases:

	 
			
		  The document is edited by a human.


			
		  During program development, until you are sure that valid markup is
			 generated.


			
		  When data is supplied from an external source, markup may or may not
			 need to be validated on every data exchange depending on
			 circumstances.


	 

	 WordML is my name for the output from saving a Microsoft Word document
		as Filtered HTML. The markup appears to follow some XML syntax rules, some SGML
		syntax rules, and some of its own, unique syntax rules.
		
		Much
		Word-specific data is stored in comments. I have even run across a few WordML
		documents that were not well formed! Few XML parsers can handle WordML.

	 *SP represents the various Serve Page markup languages such as ASP and
		JSP. It is not often that a Java developer attempts to run Java Server Pages
		thru an external parser. The JSP compiler normally takes care of the parsing.
		There are times when it can be very revealing. The output of the JSP compiler
		is a Java program that generates an HTML page. Normally, the embedded Java code
		generates dynamic values on the page. XML parsers do not normally handle
		*SP files.

	 Finally, the answer to the question "What's a markup parser?" A markup parser
		basically reads data that contains application-level markup, extracts tags and
		attributes from the markup, and generates some output. Validating parsers also
		read the structure definition in the form of a DTD, Schema, or other format.
		The output may range from structural error messages to ESIS output or anything
		in between. Some parsers, like OmniMark have built-in programming languages.
		Others provide SAX or DOM programming language interfaces. The possibilities
		are limited only by the requirements of the application and imagination of the
		developer. A markup parser may handle multiple types of
		markup, not just XML or SGML, from the point of view presented here.

	 ESIS is the primary output for
		the SGMLS and NSGMLS parsers. It is a record-oriented format where the first
		character on each line represents the markup event and the rest of the line is
		data. For example, a start tag event is represented by an '(' event type and
		the rest of the line is data. The tag name is the data in this case.
		'(mytag' is the ESIS output generated for <MYTAG> in the input document.

	 ESIS is very significant from a historical prospective. Back in prime
		SGML days of the early 1990s, SGMLS was just about the only widely available
		free SGML parser. Commercial SGML tools were all expensive because of the cost
		of either writing or licensing an SGML parser to include in the tools. Taking
		advantage of the SGMLS ESIS output was the only way to test-drive SGML without
		spending a lot of money. ESIS format is easy to process and a good programmer
		could do amazing things with ESIS output and a Perl script or two.
		ESIS also contains the idea behind SAX. The call-back events in programs
		logically work on an ESIS stream. 



	 Why Write A Parser?

	 With the parser background out of the way, let's take a look at reasons both to
		write your own parser and reasons not to write your own parser. First, there are
		good reasons for not writing a custom parser:

	 
			
		  Writing a basic parser is a lot of work


			
		  Writing a validating parser is a lot more work


			
		  Implementing XSL/XSLT/X-Path/XQuery, etc., support is not practical for most
			individual developers


			
		  Writing a parser, even a non-validating parser that implements SAX
		        and/or DOM, is a huge effort
			 


			
		  There are multiple, structure definition languages, such as DTD,
		  	   Schema, RelaxNG, etc., needed for validation that are complex


	 

	 Writing any markup parser is hard work. The additional complexity and
	        effort required to write a validating parser instead of a
	        non-validating/well-formed parser is significant. For many cases,
	        it exceeds the point of diminishing returns . Writing a validating parser
	        requires writing the
		validating part, plus the code to parse a DTD or schema, and implement the code
		to actually validate the element structure at each change-in-tag state.
Are the benefits worth the effort?

	 The "X" add-ons are also complex. They require a very sharp staff to
		implement the standards. The resources to properly implement
		XSL/XSLT/X-Path/XQuery is substantial. These are usually beyond the
		average individual developer for short-term projects.
		Complexity and the associated learning curve are the main
		impediments.

	 
		Both the SAX and DOM API's are large and fairly complex, which means the
		average developer won't implement them
completely, if at all. I know from experience; I didn't
		bother implementing either.
A validating parser also requires the code to load allowable element
		structure in order to be able to validate a document, with another increase in
		code complexity and size.

	 
	    All of these items represent increased implementation effort that just
		might not be worth the trouble if an existing parser meets most of your
		requirements. You have to carefully gauge the value proposition for
		each increase in effort that the next step brings. It may or may not be worth
		the effort.
	

	 On the other hand, there are still many reasons for writing your own
		markup parser. The rest of this section takes a look as some of those reasons.
		They include:

	 
			
		  The learning experience.


			
		  No existing parser meets your specific requirements.


			
		  You have complete control.


			
		  You can mix and match markup languages, i.e., SGML, XML,
			 etc.


			
		  Not tied to existing APIs.


			
		  You need to create documents with "live" content. 


	 

	 The following paragraphs expand these points. 

	 The learning experience. Writing a markup parser, even a
		"simple" non-validating parser, is always a learning experience. There are a
		number of learning experience possibilities, such as:

	 
			
		  Learning about markup languages. Writing a parser will teach you
			 about markup language rules. Having to account for every possible condition
			 in the markup will quickly enlighten you!


			
		  Learning about software state machines. I have used the state
			 machine technique for writing a parser more than once. It is a straight-forward
			 way to work thru the program. An in depth knowledge of the rules of the markup
			 language is required. There is a basic state machine for parsing SGML published
			 in the Practical Guide To SGML And XML Filters.
			 (See SmithN)
			 If you don't know
             what a State Transition Diagram is, you will learn a lot of new things
			 writing a markup parser.


			
		  Providing a vehicle to learn a new language. I wrote the first implementation
			 of mlParser because I needed to write a non-trivial program to learn
			 Java and I already understood the ins and outs of SGML.
			 This allowed me to concentrate
			 on learning the programming language and not the application.


	 

	 As you can see, there are many things that can be learned from the
		experience of writing a parser.

	 No existing parser meets your specific requirements. This is
		not an unusual occurrence, especially if your application is a little
		non-standard. Reasons include:

	 
			Need a light-weight parser


			Need to parse multiple markup meta languages


			The programming language for an application is incompatible with
		  existing parsers


	 

	 Robert Bajzat (See Bajzat)
        needed a light-weight XML parser for his Thinlet package,
		which is a small (39k) Java windowing framework aimed at cell phones. The
		on-screen widgets for a Thinlet-based application are in simple XML. The Thinlet
		XML parser handles its slightly restricted XML syntax. Comments
		not spanning a line is an example restrictions.
		The Thinlet parser also is closely tied to the application
		and knows how to handle just the widget markup. The Thinlet parser is an
		integral part of the framework, and the short cuts in syntax make it tiny! 

	 Incompatibility with existing parsers usually means the markup data
		buries information within comments, does not follow the syntax rules, or mixes
		and matches syntax rules from different markup meta languages. WordML is a good
		example of this. WordML is what I call the result of saving a Word document as
		"Filtered HTML." It appears to follow some SGML rules, some XML rules, invents
		a few rules, and puts a great deal of information into comments. Few parsers
		can handle this markup.

	 You have complete control.
	        This is the real reason most people write their
		own version of an application. Tailoring a program to meet your system
		requirements has a strong draw for many people. I would rather write a
		hand-tuned set of Java classes to represent markup data, for example,
		than use one of the
		canned frameworks that seems to create hundreds of classes/methods when three
		or four well-designed classes are easier to understand and more efficient.
        

	 
		Control extends to which markup features are supported. The parser may not
		need to handle attributes at all if the data does not
		contain attributes and is record-oriented. The
		parser may do simple transforms as the input stream goes by that will
		significantly simplify downstream code. The parser
		doesn't always have to stop on
		errors. 

	 You can mix and match markup languages. I started out using
		SGML around 1990. I have been thru the start of XML and the rise of Server Page
		languages such as JSP and ASP. There have been plenty of times when I wanted
		to mix and match SGML and XML files, in particular. Writing your own parser
		makes this practical. 

	 Not tied to existing APIs. The existing SAX and DOM APIs are
		large and complex. If you go back and examine ESIS closely, basic markup
		processing can be done with a much simpler subset API. But once you make the
		leap that you don't have to implement existing APIs, you are free to build what
		meets your application requirements. That said, I firmly believe that this is
		the least acceptable reason in my list for writing a parser.

	 You need to create documents with "live" content. A favorite
		application technique of mine is creating a live document. By live, I mean that
		some portion of the content is dynamically generated. Executing an external
		script, nesting the output of another parse, running an SQL query, or retrieving
		a URN are some of the many things that can be incorporated transparently with a
		custom parser. The data just shows up in the data to the downstream processing
		programs. A great deal of extra functionality can be transparently dropped into
		a markup-based application by including the ability to execute arbitrary
		programs/code on a parsing event.



	 The Road To mlParser

	 I initially wrote my markup language parser, mlParser, in 2002. The
		journey from being thrown into the SGML ocean in 1990 to the birth of mlParser
		and its subsequent evolution into a multi, meta-markup language parser was a
		long road. In the early SGML days, SGML tools were expensive. My customer wanted to
		use SGML as the exchange format for bibliographic data and could not justify
		the expense of purchasing SGML tools without being sure of success. We
		developed small-scale applications around SGMLS using
		Perl scripts to process ESIS output. It worked well, and I
		learned a lot about processing an ESIS stream. 

	 The following markup file is used as input for sample code for the examples
	       that follow:


<RECORDS>
<RECORD>
  <NAME>John Doe</NAME>
  <PHONE>555-123-4567</PHONE>
  <EMAIL>JDoe@anymail.com</EMAIL>
  <STATE>Confusion</STATE>
</RECORD>
<RECORD>
  <NAME>Jane Smith</NAME>
  <PHONE>555-345-9876</PHONE>
  <EMAIL>smithj@anymail.com</EMAIL>
  <STATE>Nirvana</STATE>
</RECORD>
</RECORDS>



	 The ESIS output from mlParser for the above markup is:


# mlParser (c) Science Applications International Corporation, 2002, 2006, 2007.
All rights reserved.
(records
-\n
(record
-\n
(name
-John Doe
)name
-\n
(phone
-555-123-4567
)phone
-\n
(email
-JDoe@anymail.com
)email
-\n
(state
-Confusion
)state
-\n
)record
-\n
(record
-\n
(name
-Jane Smith
)name
-\n
(phone
-555-345-9876
)phone
-\n
(email
-smithj@anymail.com
)email
-\n
(state
-Nirvana
)state
-\n
)record
)records
C
Done


	 The code described in the following paragraphs produces this output:
		


 Name: John Doe   Email: JDoe@anymail.com
 Name: Jane Smith   Email: smithj@anymail.com


	 Over the years, I wrote two other parsers. The first was part of a Forth
 (See Forth)
	interpreter. The only restriction on Forth function names is that the name
	cannot contain white space. Therefore, a function name can be a tag name. So,
	<RECORD> is both a tag and a function. A function
	definition begins with ':' and ends
	with ';'. Forth is a stack-oriented language that has a Reverse Polish syntax,
	which means that parameters come before the function name and no parens are
	necessary. A function is called by simply referencing its name.

	 The application implementation approach was:

	 
			Define a function for each tag


			Each function must consume characters up to the
		next tag/end tag


			A document processed itself when fed to the
		  Forth interpreter


	 

	 The document effectively executed itself. It was an interesting idea
		that never got past the toy stage. The following is a snippet of
		Forth code used to
		process the markup file described above:


 String content
 : <NAME>
      " Name:" print
      content collect ;  \ Read the content for <name>
 : </NAME>
      content print ;
 : <EMAIL>
      " E-Mail: " print
      content collect ;
 : </EMAIL>
      content print
      " \n" print ;
 " test.xml" cload


	 The cload function loads and interprets the filename
		test.xml.
	the collect function consumes
	the charcters up to the next '<' and store it in
	content.
	The document executes itself generating the
		output. The parser was implemented as a state machine.
	 

	 My next parser was a Perl library, which was based completely on regular
		expressions. The primary functions were:


 $content = &get_XML_field($string,"tag");
 @results = &get_next_XML_field($string,"tag");


	 
            get_XML_field() returns the contents
            of <TAG> from the string of markup. It is useful when processing
            record oriented markup one record at a time.
            get_next_XML_field() extracts a
            repeating tag from the markup string, returning a status, the tag
            contents, and the remainder of the markup string. Typically, the whole
            file is read into a string and get_next_XML_field()
            extracts the next record to operate on. Then calls to
            get_XML_field() pull out the fields
            individually for processing.
         

	 The approach for using this parser was:

	 
			Read data into a string


			Extract a "wrapper" element into another string


			Extract individual fields from the wrapper string


			Do whatever processing is needed


	 

	 The following Perl code snippet generates the example output:


 require "xml.pl";

 my $file;
 my $record;
 my $name;
 my $email;
 my $template ="Name: \$name   Email: \$email\n";

 $/ = "</RECORD>";

 while(<STDIN>){   # Read a record
      $record = $_;
      $name   = &get_XML_field($record,"NAME");
      $email  = &get_XML_field($record,"EMAIL");
      eval("print \"$template\"");
 }
 exit;


	 This Perl parsing library has been used successfully in several production
		applications. The constraints are that the markup does not contain attributes
		and that huge records have to fit in memory. 

	 Both of these solutions worked for a small subset of applications with
		simplified markup. They handle start tags, content, and end tags and that's
		about it. Neither ever grew into a robust, general purpose parser.
		The Perl library has found its way into several production
		applications though.


        The following code snippet is part of the mlParser program to
        process the sample input file. It has the call-backs for the parser
        output events. The simple nature of the input markup, makes for an
        extremely simple Java example. 



    ...
    HashMap element = new HashMap();
    String  content = "";
    ...
    public void writeStartTag(String sTag)
    {
        String tag     = sTag.toLowerCase();

        if(tag.equals("record"){
            element.clear();    // Wipe the hash for each record.
        }
    }
   ...
    public void writeEndTag(String eTag)
   	{
   	    String tag     = eTag.toLowerCase();
        if(tag.equals("record")){
            system.out.print("Name: "    + element.get("name")  +
                             "  Email: " + element.get("email") + "\n";
        }else{
            element.put(tag, content);  // Collect all element content in a Hash
        }
   	}


	 Assume that the content callback happens and leaves the
         content in the content global variable.
         The only processing needed in the writeStartTag()
         method clears the element hash. All of
         the other processing occurs in writeEndTag(). When
         the end tag is </RECORD>, we know that all of the fields in the
         record have been collected. Simply putting the content in a hash with
         the tag as the key is a convenient way to collect the data without
         testing for each tag as it passes by. 


Mixing SGML And XML


         I am an old-time SGMLer who was as skeptical as the next person about XML
		when it first came out of the closet at the 1996 SGML Conference. The false
		promise that got a lot of the SGML community on the XML train was that "XML is
		just SGML without DTDs" and XML is a subset of SGML. I had often wished to
		process SGML files without a DTD. The implication I misread into the original
		XML discussions was being able to process SGML markup with XML tools. 

	 Not being able to do much without a DTD was always an SGML issue for two
		reasons. First, I never saw the need to validate an SGML file every time it
		was touched. An SGML file only needs to be validated when modified. Second, I
		received SGML files from external sources without a DTD with enough regularity
		that having to reverse engineer a DTD in order to be able to use SGML tools
		became a real annoyance. Most of the time, only a handful of tags were
		processed. Writing what was essentially a throw-away DTD always rubbed me the
		wrong way. 

	 An XML well-formed document versus a valid document was the leap that was
		supposed to enable the "SGML without DTDs" concept. Well, that didn't quite
		happen. By the time XML hit the streets, minor syntax changes and the fact that
		non-validating parsers threw errors when processing virtually every SGML file made
		feeding an SGML file to a non-validating XML parser a waste of CPU cycles.
		Error examples include:

	 
			The first line of the file had to be the XML declaration
		(<?xml version="1.0" encoding="UTF-8"?>),
		which is a processing instruction in SGML.


			The SGML empty tag representation causes
                          the document not to be well-formed and
                          therefore causes parsing problems.


			Any entity reference not in the default XML set (<, >, and
		  &) threw errors. 


	 

	 I eventually found xmln, which seemed to be the answer
		for a while. The C source was available and it generated an ESIS-like output
		stream, which meant it could be utilized by programs
		such as the Perl scripts I had already written
		to use the
		ESIS output from SGMLS. I thought I could modify xmln to handle SGML files as
		well but could never track down one of the C header files, which forced an end
		to my customization attempts.

	 I attempted to use markup interchangeably as SGML and XML for a couple
		of years. I finally threw in the towel when a couple of developers started using
		Java XML tools on a project. Since then, I consider SGML and XML
		cousins at best. XML is not
		a subset of SGML as originally advertised!

	 
		I work with some systems that started life as SGML applications. Eventually,
		the data and code will be migrated to XML data and tools. In the meantime,
		wouldn't it be convenient to mix SGML data and XML data transparently rather
		than have to do a conversion? I believe this is still a valid requirement for
		mixing XML and SGML interchangeably and a good reason to write a custom
		parser.
	 

	 This section discusses my frustration mixing SGML and XML and
	        the road to writing my own parser. mlParser
		did not happen directly as a result, rather the knowledge gained along the way
		was applied to its initial implementation and eventual evolution.



	 mlParser

	 In 2002, my next project required that I be fluent in Java. I had done
		light Java maintenance up to that point. The project seemed pretty important, so
		I needed to be productive on day one! I knew several programming
		languages at that point - getting up to speed did not seem impossible. The
		obvious approach was writing a non-trivial Java program. 

	 I decided to implement the parser described by the software finite state
		machine from
		Practical Guide To SGML/XML Filters.
		 (See SmithN) Having experimented
		with both state machines and simple parsers in the past, I knew the technique
		and subject area. This allowed me to concentrate on the learning Java aspect in
		writing the parser. 

	 The initial implementation started as a simple, pretty-much exact
		implementation from the book. The parser generated an ESIS output stream. I
		verified the output by comparing the mlParser ESIS output
		with the NSGMLS output. The
		first implementation was much easier than I had expected. 

	 The second version implemented a few of the XML syntax differences, such
		as the <TAG/> empty tag. By the time I
                got the parser digesting basic SGML
		and XML, I began to see the potential for my own parser! 

	 The third iteration was a restructuring of the code with interfaces for
		input processing, the parsing engine, and the output call-back class. My
		thinking was: 

	 
			
		  Input Interface. The assumption was
                         a developer could supply
			 a markup stream from any source, not just a file. The default input interface
			 class handles the file as a stream, which was a good choice because of the
			 large number of input types that can be mapped into a stream. There has been no
			 need to implement another input class, but I still see the
			 potential for custom
			 input classes.


			
		  Parsing Engine. The interface makes it possible to replace
			 the default state machine with some other parsing engine. The state machine is the
			 heart of mlParser and its ability to parse multiple meta-markup languages is
			 an important capability for me, so I don't see replacing current the state machine.
			 However, it is possible.


			
		  Output Call-Backs. Each markup event triggers a call-back
			 to an interface-defined method. The interface is organized around ESIS events
			 plus a couple, such as document start and end. The interface is reminiscent of
			 SAX, only a great deal simpler. This interface is the hook to embed mlParser into
			 applications.


	 

	 Two additional implementation cycles added a couple of significant
		capabilities, parsing WordML and *SP files. Not long after SGML and XML parsing
		were stable, I saved a Microsoft Word document
                as Filtered HTML and
		fed it to mlParser. mlParser did not get very far. I was disappointed, but not
		surprised. There was no immediate requirement to parse Word output. I wanted
		mlParser to handle all common markup types transparently by this time. 

	 Examination of a WordML file reveals that it follows some SGML rules,
		some XML rules, and invents a few of its own. Additionally, a great deal of
		formatting data is stored in comments. I wrote a program to convert WordML to a
		very generic HTML as an excuse to keep tweaking the parser. Successfully
		parsing WordML became an obsession and mlParser was a time-consuming hobby
		at this point. 

	 I volunteered to convert Word documents to HTML many times over the next
		couple of years. Each document seemed to present some unaccounted-for nuance
		that required a code tweak to the state machine class. The mlParser and WordML
		converter program now handles most Word documents, although the generated HTML
		is often ugly. The HTML is usually good enough to pass a validating parser with
		no significant validation errors.

	 I put some thought into what additional features would be necessary to
		make mlParser useful in a production application. The obvious items
		included:

	 
			Identifying empty tags without a DTD or Schema


			Simple entity resolution


			Setting most options via the command line


			The option to stop on errors or continue processing a file


			Implementing additional input data sources such as strings and
		  URNs


			Allowing nested parsing


	 

	 SGML and XML have different markup syntax for empty elements.
                XML uses the form <Tag/> and SGML just uses a start tag
                and no end tag. The XML form enables recognizing an empty element
                without a DTD or Schema. The SGML requires that empty tags be
                explicitly identified. The mlParser approach is simply a file
                that identifies empty elements that get loaded into a hash at
                startup. It's simple and effective. When a missing end tag is
                detected, a check of the hash determines whether or not it is an
                empty element, and the processing handles the
                condition correctly. This approach allows
                SGML files that contain empty elements to work properly. 

         
	       Simple entity substitution is a similar problem to empty
               elements; how do you represent entity values without a DTD
               or Schema?  The mlParser solution is a simple Java properties
               file with the entity string as the name and the substitution
               value as the value. The default entity translation file looks
               like this:

 &amp;=&
 &lt;=<
 &gt;=>

If no entity property file is specified, a default set is used. Entities not
		found in the property file are passed thru unchanged
		instead of generating an error. 

         Some applications, such as a browser or building a document,
                may require that a markup parser continue even when errors occur.
                Other applications may need to stop on each error so they can be
                corrected. mlParser can do either and allows the user to specify
                the behavior as a command-line option. Applications that embed
                mlParser can set the option via a setter method.

         A definite requirement for using mlParser in several of my
               applications is the ability to launch nested parses. Instantiating
               another parser object is straightforward and adds almost no complication
               to application code.

	 The Java JSP compiler is pretty forgiving, and as long as it can parse the
		Java code out of "<%" and "%>" delimiters, it is happy. What happens when
		the JSP compiler is successful and there is a missing angle bracket or two
		in the HTML markup? The result is usually
		unexplained "stuff" on the generated HTML page. What do you do? You
		use mlParser, which can handle the server page
		syntax, and parse the problem JSP file. Even if the parser only checks that the
		file is well formed, you may find problems. This actually happened on one project.
		mlParser showed the JSP file to not be well formed. When the markup was fixed in
		the JSP file, the unexplained "stuff" went away.

	 At this point, mlParser is mature with the capabilities identified above
		and is used in multiple production applications on multiple projects.

	 The remainder of this section gives a brief overview of the Software
		Finite State Machine that is the mlParser parsing engine. I first ran across
		state machines about 20 years ago in a presentation about navigation in an
		Adventure game where the current state represented room or location on the adventure
		map. The direction selection by the user caused the state to transition to a
		new location. State machines have fascinated me ever since and I have managed to use
		them a few times over the years. Markup parsers are close to an ideal
		state machine application. 

	 The following State Transition Diagram shows the states for a simple
		SGML parser:

[image: Simple SGML State Transition Diagram]

Figure 1.Simple SGML State Transition Diagram


	 The state machine has to handle every character in the input stream. The
		initial state is TEXT. State changes often correspond to parsing events, although
		the State Transition Diagram does not show the call-back points. All parsing
		states eventually return to the TEXT state.

	 Two characters are significant in the TEXT state - the Start Tag Open
		(STAGO), which is '<' and Entity Reference Open (ERO), which is '&'.
		STAGO fires a call-back to the Content method and changes the state to TAG. 

	 ERO changes to the ENTITY state to handle collection and substitution of
		the entity. A ';' or white-space character triggers transition back into the TEXT
		state. All other characters do not cause the state machine to exit the ENTITY
		state and are accumulated to form the entity name.

	 The TAG state is entered from the TEXT state via the '<' character. A
	        white-space
		character triggers transition into ATTRIBUTE Name state. The Tag Close (TAGC)
		character '>' exits TAG state back to TEXT state and fires a call-back to
		the start tag method. Call-backs to the attribute method fire at the end of
		each attribute. This is one difference between mlParser and SAX. mlParser fires
		a call-back for each attribute and SAX returns the attributes in an
		Attributes object. Attributes are available when the start tag method
		call-back executes in both.

	 There are two sub-states for collecting attributes: Attribute Name and
		Attribute Value. The top level state is ATTRIBUTE. The need for sub-states may
		not be obvious, but works well. The attribute name ends with either an '='
		character or a '>' character. In either case, a state change is triggered.
		The Attribute Value sub-state is a little complicated because the value may be
		enclosed in quotes or simply terminated by white space. The end of Attribute
		Value sub-state also signals the end of ATTRIBUTE. The current state changes
		back to TAG because the TAGC character will eventually be found.
		In practice, there are sub-states for several states. A global
		variable keeps track of the current state. 

	 The ability to look ahead one
		character simplifies the state machine code significantly. Reading the next
		character needs to be a method and not just a read loop around the state cases.
		The sub-states certainly contribute to needing to be able to read characters at
		any point, and I believe a read character method is the right approach for this
		type of state machine application.

	 The state transition diagram certainly helps to think thru a state
		machine implementation at its start. I usually draw
		these diagrams during design. I then prepare
		a State Transition Table by the time I start coding. It speeds up the coding
		process significantly. The following State Transition Table corresponds to the
		State Transition diagram above:


	 
	   Table 1State Transition Table


		
		  	Current State
		  	Character
		

		
		
		
		  	
		  	STAGO (<)
		  	Whitespace
		  	TAGC (>)
		  	 = 
		  	ERO(&)
		  	ERC(;)
		  	Other
		

		
		  	Text
		  	Tag
		  	Text
		  	Text
		  	Text
		  	Entity
		  	
		  	Text
		

		
		  	Tag
		  	
		  	Attribute
		  	Text
		  	
		  	
		  	
		  	Tag
		

		
		  	Attribute
		  	
		  	
		  	Tag
		  	Switch sub-states
		  	
		  	
		  	Attribute
		

		
		  	Entity
		  	
		  	Text
		  	
		  	
		  	
		  	Text
		  	Entity
		

		
	 



	 The table contains more details than the diagram. The table also points
		out potential error conditions. Any cell without an entry
                usually represents an error
		condition that should be examined closely before
                deciding if it is truly an error condition
		or if it can be ignored. For example, the cell at TEXT state and TAGC was blank
		in the initial version. The cell should have had TEXT because a lone '>' is
		just another text character. The
                empty cell at TAG state and STAGO
		is definitely an error and must be handled.

	 A software finite state machine is the ideal implementation technique
		for a markup parser. There are a relatively small number of states, a limited
		number of state change conditions, and the implementation is not overly
		complex. The current State Machine class in mlParser is about 1800 lines of
		heavily commented Java. The whole parser is about 3000
                lines and the compiled mlParser JAR file is only 22K.



	 mlParser Today

	 This section covers mlParser in its present form. Design choices I made
		and implemented features are discussed. mlParser has grown and
		evolved a great deal since that first Java implementation. It is a
		robust markup parsing tool that is at the heart of several internal
		applications and is being used on multiple projects. The most significant
		mlParser use is as the core for an integrated software documentation tool where
		it has displaced OmniMark applications.

	 Early sections of this paper identified reasons for writing a parser and
		design choices to make before you get too far into the effort. My initial
		reason for writing mlParser was learning Java. My reasons for continuing
		development evolved almost as much as the code itself. My current list
		is:

	 
			
		  Mixing different markup meta-languages


			
		  An application development framework


			
		  An easily customizable parsing package when XML-type markup just
			 won't work


			
		  Fullfilling the "SGML without DTDs" vision


			
		  Replacing all my OmniMark code


	 

	 The integrated software documentation tool has been in use for several
		years; there are thousands of SGML files across many projects. The software
		will eventually migrate completely to XML;
		however, the legacy SGML files will never be converted
		to XML. There will be a period where
                documents will be built from some SGML files and
		some XML files. The system must handle the legacy SGML on demand for the
		foreseeable future. mlParser enables this mixed markup environment. 

	 An application development framework has grown up with mlparser. The
		output call-back interface forms the basis for mlParser application
		development. A new application can often be implemented with just two classes.
		One class is the main program that collects command line arguments, registers
		the output call-back class, and launches the parsing engine. Starting the
		parsing process is done by simply invoking the state machine class. Simple
		applications usually do not require additional classes. Applications that
		handle multiple document types will need to invoke multiple parser objects with
		associated, output call-back classes. Each document type should have its own
		parsing object.

	 My intimate knowledge of the internals, especially the state machine,
		allows me to customize the parser for specific applications. For example, there
		is an application that uses an HTML subset plus a handful of extra tags. I want
		to use generic, out-of-the-box OpenOffice as the editor so the user never
		sees a tag. We tried processing instructions in
		place of the extra tags without success. For OpenOffice to work as the editor
		for this application, editing must be done in normal WYSIWYG mode. Our solution
		was to include the extra three or four tags in the document with '{' and '}' as tag
		delimiters instead the normal '<' and '>'. It turned out to be a simple
		solution from both the developer's and user's points of view. The developer was
		happy because no extra code was required to be able to use OpenOffice, and the
		user was happy because he didn't have to deal with tags
                for the most part. OpenOffice happily
		passes around the special
                tags unmodified, and the application code sees
		them as normal tags. Tweaking mlParser was straightforward and the result was
		a major editing improvement from the user's perspective without
                affecting application code.

	 The "XML is just SGML without DTDs" sales pitch from the XML faction at
		the 1996 SGML Conference convinced me and the SGML community at large that
		XML was worth pursuing. I envisioned XML as a true SGML subset where I could
		transparently use the expensive SGML tools that I fought so hard to purchase
		over the years. New XML
		tools would certainly be less expensive and compatible. By the time that the
		XML 1.0 standard hit the streets, that fantasy was crushed. I never gave up the
		dream of transparent markup though. I wanted to be able to treat markup as SGML
		to use SGML tools and XML to use XML tools transparently. mlParser essentially
		allows me to treat both XML and SGML as just markup. The mlParser
		parsing engine recognizes the syntax differences between the two, and therefore
		fulfills the "XML is just SGML without DTDs" as "XML and SGML are just markup,"
		which is even better!

	 mlParser is built around the following design/features:

	 
			
		  Runs either from the command line or embedded in an
			 application


			
		  Generates an ESIS output stream by default


			
		  Handles simple entity character substitution


			
		  Non-validating parser


			
		  Handles both SGML and XML empty elements


			
		  Allows nested parsing


			
		  Sets most parsing options from the command line


			
		  Handles multiple types of markup transparently (XML, SGML,
			 WordML)


			
		  Can include or exclude comments from the output stream


			
		  Handles CDATA


			
		  Does not implement marked sections


			
		  Includes the option to stop on parsing errors or continue when
			 possible


			
		  Built around ESIS events


			
		  Based on a relatively simple software state machine


			
		  Includes a sample output call-back class that implements a jump
			 table for "document" applications


			
		  Supports multiple input sources


	 

	 The same Java JAR file is used for both the stand-alone program and when
		embedded in an application. Simple entity substitution is driven via a
		Java properties file. If no entity property file
		is specified, a default set is used. Entities not
		found in the property file are passed thru unchanged. A full-blown entity
		implementation seemed to be almost as much effort as the rest of the parser; and
		for me, simple entity substitution is sufficient.

	 Several of my applications require nested parsing with different DTDs.
		An application simply invokes another parser object, handles the output from
		the nested parser object, and picks up where it left off in the original input
		stream.

	 The need to stop on a parsing error or continue transparently is
		application specific. Stopping on an error is the default behavior for
		stand-alone parser operation. An application
		processing a document may want to simply
		unwind the element stack, fire end tag call-backs and keep going. This works
		reasonably well for missing end tags, but can create a mess with a missing
		start tag. mlParser provides the option to stop or continue when errors
		are detected.
		

	 Multiple input sources is a useful feature. Markup traditionally comes
		from files and must be complete. mlParser accepts files, strings, or URNs.
		Parsing a string implies well-formed markup, but no <!DOCTYPE and no XML
		declaration. Transparently handling URNs allows an application to
		parse markup directly from the web or some external source such as a
		Subversion repository. Building a multi-file document directly from a
		Subversion repository ensures that the output document contains the latest
		checked-in files without a process to manually extract and process them.

	 The default output call-back interface for handling documents is
		constructed around two jump tables and Java Reflection. There is one jump table
		for start tags and one for end tags. The jump tables are constructed as
		HashMaps with the tag as the key, and the value is the Java method via
		Reflection. This approach creates a level of indirection between the tags and
		the code that processes them:

	 
			
		  One method can handle multiple tags. For example, the same method
			 can be used for dropping a tag and its contents or for passing the tag
			 unchanged.


			
		  Only tags of interest have to be accounted for; all others can be
			 automatically ignored. An unexpected tag will not cause an exception to be
			 thrown or the program to bomb.


			
		  The source code does not contain page-after-page of nested
			 if statements to determine which method to call to process a specific
			 tag. 


	 

	 The following start tag call-back method uses the jump table approach:


   	public void writeStartTag(String sTag)
   	{
            String key     = sTag.toLowerCase();
            try{
                myMethod = (Method)sTagAction.get(key);
                myMethod.invoke(this,new Object[] {});
            }
            catch(Exception e){
                performDefaultStart();
            }
   	}



		Handling a new tag requires no code change here. Instead, a new entry
		is simply added to the Start Tag Action hash.  I find the jump table approach
		clean, flexible, and elegant. The jump
		table approach can be used with any SAX-based parser, not just mlParser.
		

	 mlParser has evolved over the years from a learning exercise with
		potential to a major part of my markup applications. The thought of
		implementing the current
		mlParser from scratch is a daunting one. Starting small and adding capabilities
		as needed is a doable job. 



	 Summary

	 
		This paper discusses reasons to write your own markup parser and
		documents my journey to writing my own parser. mlParser
		started with very modest beginnings and has evolved into a
		primary tool in my markup application toolkit. I use it to generate ESIS
		streams that are processed by Perl scripts, for the core of
		an integrated software documentation tool, and for
		markup conversion applications.
	 

	 
		I don't believe that I would have tackled writing a parser with
		all of the features and capabilities that are currently in
		mlParser. Starting with a small, simple, and flexible base
		allowed me to evolve a useful and capable parsing tool!
	 

	 I found out along the way that while XML is king for record-oriented
		markup, I still prefer SGML for documents. SGML's inclusions,
		exclusions, and default attribute values make a developer's life
		much less stressful for document-centric applications. 

	 
		The experience has shown that there are still many valid reasons
		to write a markup parser. This paper has identified and explored
		many of these reasons. Not finding a parser that meets your needs
		is what most of the reasons boil down to. Don't be afraid to
		follow the path to your own parser!
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        tools. Is it time to declare victory and go home yet? Or is there more to do?
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  Some members of the audience will already be familiar with the phrase that is my title
    today: But wait. There’s more. But not everyone will be, so I had better
    start with a few words about Yuri Rubinsky. Yuri was a significant figure in the history of
    descriptive markup. He ran a software company, SoftQuad, that sold a popular SGML editor called
      Author/Editor and later on an HTML editor called HoTMetaL, based on Author/Editor, and
    later still (after Yuri’s time) SoftQuad created XMetal, which is still a popular application although it has changed hands a number
    of times since SoftQuad was acquired by Corel some years ago.[1]

  Now, Yuri was a sweet — and sometimes sour — but a sweet, friendly,
    persuasive man: well-liked in the community and well deserving of being liked. He made a
    tremendous impact on a lot of us, including many of us in this room. And he died young. So if
    after this talk, you ask some of us old-timers about him, you may catch us lurching
    unpredictably back and forth between laughter and husky-voiced reminiscences.

  As an engaging and persuasive sort of guy, Yuri was, of course, a pretty good salesman. And
    he was also an enthusiastic and committed cheerleader for the technology of descriptive markup
    and the freedom and responsibility that is entailed by the idea of giving ownership of the data
    to the creators of the data. Sometimes these two roles of salesman and cheerleader came into a
    state of, well, if not conflict, then at least a state of tension.

  There’s a story that Yuri was once on a sales call with a colleague talking to some
    potential customers about the benefits of descriptive markup and the virtues of Author/Editor. He was eloquent, and SGML and Author/Editor were in fact a pretty good fit for this particular organization, so
    the potential customers were very soon persuaded. They began giving the usual signs of being
    ready to close the deal, but Yuri kept talking, piling advantage upon advantage to the case for
    descriptive markup and SGML, and eventually they were practically tugging at his arms, reaching
    into their pockets for their checkbooks, and his colleague was making let’s wrap
      it up noises, and Yuri turned around, fixed them with his eye, and said But
      wait. There’s more.

  Now, the gist of that moment, the way the desire for clarity and the eagerness to show
    people all the ramifications and advantages of descriptive markup overpower the short-term
    desire to close the sale, the way that Yuri is so filled with enthusiasm that he can barely stop
    his exposition in order to allow people to hand him their money — these seem somehow so
    characteristic of Yuri and of his infectious enthusiasm that the story is now inextricably
    linked in our memory with Yuri.

  It’s ten years now — ten years and a few months — since the
    Extensible Markup Language, version 1.0, became a recommendation of the World Wide Web
    Consortium. There’s something a little artificial about anniversaries of this kind, and
    I don’t like to observe them too scrupulously or make too much of them. But it is useful
    from time to time to stop and think about things in a broader frame of reference, to reflect on
    where we were some time ago, where we wanted to go from there, where we went in fact, and where
    we would like to go from here. And we can do a lot worse than to use anniversaries like this one
    as occasions for such periodic self-examination.

  Yuri Rubinsky died the winter before the W3C formed the working group that eventually
    produced the XML specification. He had been one of the first and most persuasive members of the
    SGML community to argue that SGMLers should embrace the web as showing how useful and powerful
    an SGML application could be, instead of looking down on it for the shortcomings of its puny
    HTML tag set and the laughable inadequacies of most HTML processors. He wrote a book once, with
    Murray Maloney, called SGML on the Web, which is still worth
    reading for one of the most lucid descriptions you will find anywhere of the nature of
    descriptive markup [yr_sotw]. So it’s no surprise, I guess, that when
    I think about XML and its place in a broader context, I find myself thinking about Yuri Rubinsky
    and about the story I just told you and about the phrase But wait, there’s
    more.

  Over time I have come to believe that the phrase But wait, there’s
    more — or the variant of the phrase which seems to fit Yuri’s willingness
    to accept the web as something we can learn from, But wait, there’s less, — I’ve come to believe that these can
    illuminate our situation in a variety of ways. Now, before I talk about some of them, I have to
    explain that I sometimes think there are two kinds of projects in the world. Other times, I
    think only that there often seem to be two kinds of projects in the world. I don’t
    actually know how many there are or whether these are really distinct. There are what you might
    call barn raisings — you have something you want to do, you gather the
    materials and people and resources that are necessary to do it, you do the thing, you raise the
    barn, and then everybody goes home again. (I may need to explain to people who aren’t
    from here that all through the US and Canada as settlement progressed westward through the 18th
    and 19th centuries and new land passed under cultivation, the coming together of communities to
    build barns for new farms — to build barns for each other — was an important
    social binding ritual that is still practiced in more conservative social communities such as
    those of the Mennonites and the Amish. So, a barn raising is an important social event as well
    as a finite project with an end.)

  And then there are other projects that you might call community farming.
    Again, you have something you want to do, you gather the people and resources you need, and you
    work together to accomplish your goal, but there is no final whistle, there is no point at which
    the roof beam has been raised, the roof is on, the barn is finished, and you can go home,
    because the task you’re talking about is an ongoing one. Once you have plowed the field,
    you have to start planting it. And once you have planted the field, you have to start weeding.
    And so eventually you have to harvest. And once you finish harvesting, you have to repair the
    plow.

  Now, it’s possible to be mistaken about the kind of work something is. The most
    obvious example that comes to my mind immediately is that when standards development
    organizations are young — when they are first created — it is easy to see that
    many people involved think of the formation of, say, a working group as a barn raising. Ah, we
    have a problem, we form a working group, they write the spec, and then they’re done, and
    everybody goes home. When standards development organizations grow older and when individuals
    gain more experience in standards work, they tend less and less, at least in my experience, to
    think of working groups as barn raising projects and more as farming projects because once the
    spec is there, if it’s going to stay around and be used, it will need maintenance, it
    will need errata, it will need amendments, it will need new versions, it will need the
    development of a better test suite, it will need interpretation of difficult passages, and so on
    and so forth.

  Now, there’s always a danger that a working group will just stay around out of
    inertia because its members are so lacking in imagination that they can’t get their
    heads around the idea that their work is done and they should go home, so every now and then an
    outside intervention is necessary to reorganize things. But there’s often a very good
    reason that working groups have a longer lifetime than some people might at first have expected.

  If we thought that the quiet revolution that Eduardo Gutentag was talking about the other
    day was a barn raising, we were wrong [eg]. Revolutions are almost never barn
    raisings because, remember, if you succeed in your revolution, you suddenly find yourself
    responsible for day-to-day governance and then your work is never done. And we have in many ways
    succeeded in a quiet revolution. But that means there is a never-ending stream of new
    communities needing markup vocabularies. We need better algorithms for validation or for parsing
    or for processing or for styling or for any of the things that we do with marked up data. We
    need to standardize the XML form of office documents, as painful as that experience may be. We
    need to experiment with alternative ways of handling links and validation and styling and so
    forth and discontinuous structures that overlap. There is always more to be done in our quest to
    make descriptive markup ubiquitous and to help it fulfill the revolutionary potential that we
    see in it.

  Every paper at the conference illustrates one aspect or another of this work, and while I
    would like to discuss them all one by one individually, that would probably take another three
    or four days, and that might make some of your worry about catching your flights, so
    I’ll try to suppress my urge to comment in detail on each paper individually.

  Another sense of the phrase But wait, there’s more, is as a design
    reminder. When you’re designing version one, remember there will be more versions. This
    is not, unless of course you’ve managed to design a complete failure — this will
    not be the last version you want to do of this spec, so remember to provide some support for
    versioning your language. In this connection, it is worth suggesting to you that But
      wait, there’s less, is a good motto to adopt. Something is better than
    nothing. Correction: Almost anything is better than nothing when it comes to supporting
    versioning.

  It’s very tempting when you’re designing version 1.0 of something that is
    kinda complicated and kinda hard to say, Oh, man, we can’t think about everything
      at once. We have to focus. We have to identify non-goals. We have to modularize things. We
      hardly know what is going to be in 1.0, let alone what we might want to put in 2.0. We
      can’t design a versioning system that will allow the addition of the features we will
      need in 2.0 because we don’t know what they are. That is way too complicated; we will
      not get it right, so let’s focus on just the immediate task. If you allow a
    working group to fall into that line of thinking, you have every likelihood that the working
    group will do nothing at all about versioning. Case in point: the XML Schema 1.0 working group.
    We knew it was important; we spent a lot of time talking about it. And our discussion of it made
    clear that we didn’t have the first idea how to do a really good versioning mechanism,
    how to support all the kinds of changes that we would need to make in future versions of XSD,
    without building a lot of useless mechanisms to support changes that we weren’t going to
    turn out to make.

  The only perfect versioning mechanism — no cost without benefit — is a
    versioning mechanism that predicts exactly what changes are going to be necessary. No versioning
    mechanism designed without clairvoyance can be perfect. Important principle: It doesn’t
    have to be perfect to be useful. Those of you who were here Monday will have heard David Orchard
    mentioning HTML as a good example of a language that has survived versioning very well; he is
    not the only one [do]. It is a very common example, and in fact,
    they’re quite right: HTML did a great job of supporting versioning. Enthusiasts for HTML
    often will tell you, That is because they got it right. They did a perfect versioning
      mechanism. They said everything you need to know. The only rule you need is: Ignore what you
      don’t understand. Well, that is, I think, a slight over-simplification. HTML
    didn’t get it perfectly right. The versioning rule in HTML with regard to support for
    later versions of the HTML spec is quite simple: When you see a tag you don’t
    understand, ignore the tag. That is a good fallback. But as Sandro Hawke pointed out on Monday
      [sh], the best fallback for blink would be some other form of
    highlighting like red color or bold-italic or
    underscoring or very large. If you just ignore the tags and print
    the content, the one thing you have failed to do is indicate that that phrase is any different
    from its context, and that is almost certainly not the best possible fallback, although it is
    better than nothing.

  It’s also the case that quite often when you’re extending a vocabulary in
    the ways that HTML has been extended, there are two things you might want to ignore. Sometimes
    you want to ignore the tags. That is the right thing to do for the blink tag and
    the font tag and all sorts of phrase-level tags. Other times what you really want
    to do is ignore the element, which is the right thing to do for, say, the script
    element. If you have read any of the textbooks on Javascript that were written within the first
    ten years of the introduction of Javascript, you’ll remember that there is a three-page
    section that says: Don’t ask why, but at the very beginning of every script
      element you have to repeat these magic formulae. Don’t try to understand it; just do
      it. Alright, if you insist on knowing, this is a common delimiter intended for this processor
      that prevents that from going on, that is a delimiter for this other processor that allows it
      to ignore the first delimiter. Then, there is a special case in that processor that allows it
      get by despite the fact that it doesn’t understand what is going on. Aren’t
      you glad you insisted on knowing why? Again, don’t try to understand it; just copy
      this into the beginning of every one of your scripts.[2] Why? Because HTML didn’t get it perfectly right. There is no way in HTML to
    say this is an element that if you don’t understand, you should ignore the element
    instead of the tag.

  Okay, Ignore what you don’t understand is not a perfect rule. HTML
    didn’t get it perfectly right. HTML got it maybe a little less than half right. And HTML
    is nevertheless a huge success story when it comes to a language allowing itself to be
    versioned. Why? Because it did something. That glass that is only one-third full is one-third
    full and not two-thirds empty. Almost anything is better than nothing when it comes to
    supporting versioning. There is more to versioning than you understand. As Peter Brown told us,
    when you start out working on versioning above all, don’t assume you understand what the
    word means [pb]. Quite true. There is more to versioning than your versioning
    mechanism is going to succeed in supporting. But that is okay. Wait, wait —
    there’s less.

  Exercise humility! This is another way of spinning the phrase But wait,
      there’s more, which gives it the sense of But wait, there’s
      more. Yes, I know, but that is okay. I’m not going to try to be everything to
    everyone. That has more general applicability. There is more to the problem —
    whatever problem it is you’re working on — than your personal or corporate views
    and interests. There are different people on the working group with different points of view,
    different values, and, yes, hard though it is to remember, different virtues and different
    contributions to make to the collective work, irritating though they will be from time to time.
    We as individuals are not the be all and end all of our collective work. There is more to the
    working group and to the work than that.

  Humility can be very hard to cultivate when so many of our working group colleagues not only
    remind us indirectly of our superiority but demonstrate it daily by their obstinancy in opposing
    what is clearly the right technical solution, that is, the one that we favor. But a little
    humility, even if it is not evenly distributed in the working group, can go a long way in
    helping working groups and other organizations to avoid the kinds of disasters that we heard
    about the other day and to minimize their effect when they happen anyway.

  But perhaps the most important application of the phrase But wait, there’s
      more, is to the future of descriptive markup itself. Was XML supposed to be a barn
    raising or a farming project? And, independent of what it was supposed to be, what did it turn
    out to be? And how many barns were we intending to raise before we went out into the fields and
    started plowing?

  Now, as I recall it, in 1996 we had a simple, clear plan. We wanted a web-friendly version
    — subset, cutout, profile, call it what you like — of SGML. We wanted a
    web-friendly version of DSSSL. We wanted a web-friendly version of HyTime. That is, we wanted
    web-friendly versions of the three major work items of ISO/IEC JTC1/SC18/WG8, which was the
    group that defined languages for document processing. Oddly enough, I don’t remember
    anyone ever saying we have to have a web-friendly version of the standard page description
    language. That one never seems to have caught on. I don’t understand why not.

  Alright, well, if that was our goal, it’s interesting to note that it’s
    done. We have web-friendly versions of all of those things. SGML begat XML. DSSSL begat XSL and
    XSL-FO. HyTime begat (at some remove, but still there is a direct genealogical relation) XLink
    and XPointer. Now, XLink and XPointer do not have the uptake that we had hoped for. But they are
    there for those who need them.

   DOM was not part of the original program as I
    understood it. More stuff started coming down the pike even before we were finished with that
    original program.

  But if what were involved in was a barn raising, and we’ve raised all three of the
    barns that we had intended, what are we doing here? I suspect that our presence in this room
    today is an indication that there was more to do. And there is
    more to do.

  I’ve spent a lot of time in the last few weeks talking to people about what should
    be next, what can be next. Ten years after SGML became an international standard, one way to
    tell the story is that a small group of people ended up trying to solve what seemed to them the
    single most pressing problem of SGML, which was the complexity of the specification, which
    prevented easy software development, which prevented wide-spread common tools, which prevented
    widespread adoption of markup languages.

  So, if we imagine a similar situation now, what is the small group of people gathering in
    some city far away — because they won’t be us — what are they working
    on, or what should they be working on? Or what should we be working on if we are going to take
    the future into our own hands? Interesting question; there are a lot of different answers. I
    don’t have time to go through all of them. I don’t have time to go very well
    through many of them at all. So I’ll focus on the biggest one. The biggest problem
    — I hate to say this because in my retrospective mood of the last few weeks I’ve
    also been thinking about the first time I ever gave a closing talk at a markup industry
    conference. It was 1992 at SGML ’92, and I gave a talk in which I was asked to predict
    the future, and I identified the biggest problem that faced us and what we should do to make
    progress on it, and the biggest problem then is still the biggest problem today. And that is the
    problem of semantics [s92]. And it’s humbling to read a talk that you
    wrote 15-16 years ago and see the five or six things that you proposed as the right things to
    work on next and note that absolutely nothing has happened on any of those fronts, with one
    exception, which is an interesting exception. I suggested that one way to get a better grip on
    the semantics of markup would be to make it possible to identify that all X’s are
    Y’s, to identify class relations among markup constructs. Now, on that there has been
    progress. One of the major features of XML Schema 1.0 is precisely a system of type inheritance
    that is intended to and does in fact allow you to say precisely that kind of thing.

  Lots of people talk about XSD 1.0 and 1.1 type inheritance. I notice that no one talks about
    it as semantics. This would be troubling to me except that we have an excellent analogy that
    helps us explain that situation. Some of you will have noticed that whenever the workers in the
    field of artificial intelligence finally solve a problem, that problem ceases to be part of the
    field of artificial intelligence. It’s now just engineering. Artificial intelligence is
    effectively the name of all the interesting things that we would have to do to replicate human
    intelligence in artificial form that we don’t currently know how to do. If we know how
    to do them, they’re no longer AI. They’re just engineering in the same way that
    the difference between a normal computer and a supercomputer is not ever measured in cycles per
    second or floating point operations per second or logical inferences per second; it is measured
    in dollars unadjusted for inflation and as the cost of computing power has fallen, the threshold
    of being a supercomputer in terms of computational power has risen. In the same way, what we
    call semantics is all those things that we don’t really know how to do very well. Allen
    Renear pointed out to me this morning that some linguists will distinguish — well,
    linguists have always distinguished, you know, phonology and morphology, syntax and then
    semantics. Some linguists now distinguish semantics from pragmatics. Why is that? Is that
    because they know how to do semantics? No, it’s because pragmatics has crystallized out
    as a field that people feel they have some kind of grip on (or at least they think they have a
    grip on how to study it), whereas semantics remains the black hole into which we throw all the
    stuff we don’t know how to do, but we’d like to do someday if we could only
    figure out how.

  Semantics is a single noun, but it clearly doesn’t denote a single thing.
    It’s a cover term for our ignorance. So our goal really, if we want to have any feelings
    of success, shouldn’t be to solve the problem of semantics. It should be to isolate
    substructures within that complex or cultivate regions within that area and make them
    understood, knowing full well all the while that as we do so, they will cease to be regarded as
    covered by the term semantics. They may not be semantics, but they will still be
    useful things to be able to do.

  One form in which the problem of semantics presents itself is the problem of design, the
    problem of modeling. What is the right way, a friend of mine asked me recently, to design a
    language? How do I teach the guys who work for me, the ones who actually design the markup
    languages, how to do it right? How do I tell them how to tell the difference between a good
    markup design and a bad one? When I ask the question that way, I am very pessimistic because I
    think the short story is that good design involves hard thinking. And that means it’s
    just hard.

  Also, things seem to be getting worse. In 1992, at least according to the record of my talk,
    we thought we were nearing consensus on what counted as good design for markup languages. But
    the community has grown — the number of people involved in design has grown —
    and there is a lot of suboptimal XML out there. That was one of the main themes of the W3Quebec
    nocturne the other night here. Just how bad is the XML that you have seen in the wild? And the
    answer is: on the whole, pretty bad, some of it. There were some really outstanding examples of
    ugly vocabularies out there.

  I became aware, while thinking about this, that although we may not be able to solve the
    core problem, we may be able to make progress on it if we give ourselves better tools. Thinking
    is hard, and we don’t have the capability to automate it, at least not now, not until
    our friends in the AI department have finished eliminating the field of AI and actually created
    artificial intelligence. Until they do that, we may not be able to directly support hard
    thinking. But any design involves both hard thinking and a lot of bookkeeping, and if we can
    make better tools for the bookkeeping and for visualizing the results of designs, we may be able
    to make it easier for bears of middling brain to do good design.

  In that context, it seems to be a shame that although a number of people have mentioned the
    importance of prose documentation over the course of this conference, text and documentation
    tools and styles and procedures don’t seem to get much play. In a way, that is a shame.
    Another prospect that is frequently mentioned in this connection is compact syntaxes.
    I’m of two minds about compact syntaxes, partly because when I committed to SGML and
    XML, I committed hard, and syntax without angle brackets makes me nervous, you know. The road to
    hell is paved with compact syntax. But a lot of people like them a lot, and certainly the
    one-to-one mappability between the XML representation of RELAX NG schemas and the compact syntax
    does seem to have prevented the worst from happening there. And compact syntaxes do have the
    advantage that they allow you to get more information within the visual field of the person
    doing the hard thinking than is otherwise feasible with a verbose notation, and if there is one
    thing we have learned from reading Edward Tufte, it is that getting more information into the
    visual field in a tractable form is a good thing to do.

  I think that our difficulties with semantics are related to the interoperability problems
    that were identified by Jerome McDonough [jmcd]. I think there may be two sets
    of forces at work in the kinds of problems he was talking about. First, there is a sort of
    social pendulum. As he noted, the rhetoric used to sell XML at the outset was all about freedom
    and independence and autonomy. And there was the promise of interoperability, which is the seed
    of the contradiction, but a lot of emphasis on freedom and autonomy. That is, I think, not an
    uncommon phenomenon. If you are asking me to adopt a new technology with which I’m not
    currently familiar, I have two concerns. I’d like to make sure I’m going to get
    some advantage from it (and stopping you harping at me may be enough of an advantage) but I also
    want to make sure that my costs are limited and that it does not impede the freedom I currently
    have to make up my own mind about certain things. So, I at least tend to be very wary of the
    kinds of ontological commitments a new technology may impose upon me.

  In the Text Encoding Initiative, we had this problem in spades. We were quite up front about
    the fact that markup of documents is a hermeneutic activity. But hermeneutics is part of the
    core activity of everyone in our target usage audience. The last thing a professor of English
    literature wants to hear is: You should adopt this new technology, and it will force you
      into a particular style of interpretation. No, no — that way lies complete
    non-adoption. Now, it’s true that if you are very upfront about that, you will not have
    the kind of interoperability problems that Jerry McDonough talked about [jmcd], but not because you have interoperability. The problem simply won’t arise because
    no one will have adopted the technology in the first place.

  So, I think the rhetoric of freedom is likely to be the emphasis in a lot of new
    technologies, and concern about interoperability will come a little later. Now, I think
    it’s rhetorically important, but I also don’t think it’s exactly
    deceptive to say at the outset that XML does help with interoperability. Because having markup that you understand and that you control is the first prerequisite
      to solving your interoperability problems. As long as my data is controlled by
    anonymous corporation X and your data is controlled by anonymous corporation Y, we have no hope
    of addressing the interoperability problem. Independence from the anonymous entities X and Y
    — or not anonymous, in some cases — is the first prerequisite of
    interoperability.

  The adoption of XML, with all the autonomy that XML entails, did not create the
    interoperability problems. It exposed them; it allowed them to come to the surface. And what you
    will see in the TEI community is that the experience of people in the TEI noticing that they
    don’t have the level of interoperability that they wish for has led to a number of
    movements within the TEI community to make more concrete and fuller agreements. So there is a
    swing from the emphasis on the freedom to the emphasis on interoperability, and that may well
    produce a backlash later on.

  The second set of forces at work here is the fact of incremental consensus. There is only so
    much agreement in the room at any given point, or as Donald Rumsfeld might have said, You
      ship the spec with the level of consensus you have, not with the level of consensus you might
      wish you had had. SQL-89 had one of the world’s most eccentric type systems.
    Why? Because they could all agree on integer, and they could all agree on a couple of other
    types, but there were a whole lot of types on which they could not agree so they just left them
    out, with the full expectation that people would extend SQL-89 in different ways. As they did.
    And that led to the well-known complications of SQL-89 interoperability. But the alternative
    would seem to be delaying the spec even further, until you have completely missed your market
    window.

  Sometimes the reason you don’t have consensus on the details like, well, what should
    the date look like, is that you actually have disagreements. Sometimes it’s because some
    people in the room are not ready to reach an agreement on it because they don’t foresee
    that it will be a problem. In any working group, you’re going to have some people who
    know what is going on and predict pretty accurately what is going to happen, and they can say,
      Gee, you know, if we don’t specify which date format to use, that date field is
      going to be interoperable at this level, but not at the higher levels that we would
    like. And my experience is that quite often when those people try to explain the problem
    to the other people in the room, they get deer-in-headlights eyes, and at some point, you have
    to say, Well, they’ll learn eventually, and experience does help people
    learn. When my university examined client server software, we adopted Gopher. We
    didn’t even look at HTTP and the World Wide Web. If we had, we would have adopted Gopher
    because we could understand it; it was simple, and the additional complexity of HTML would have
    seemed utterly unmotivated. Six months experience with running and using distributed information
    systems taught us plenty, and after six months, we would have understood why HTML had the
    additional complexity it had, and why HTTP was more complicated than the Gopher Protocol, and at
    that point, we might well have adopted — and in fact did, though it was a couple of
    years later — the World Wide Web instead of Gopher. But without that experience, we were
    not in a position to understand, and that is going to be true of many people in the working
    group room as well.

  Now, I feel terrible saying that since 1992 we have made no progress in semantics because
    I’m acutely aware that there are a lot of people in the room, and a lot of communities
    with people who are not in the room, who have spent a lot of time and effort over the last
    decade working on what they think of as solutions to semantics. Topic maps on the one hand, RDF
    on the other — how can I stand here and say that the RDF and Topic Map communities have
    made no progress? Well, I won’t say that. But then, what is wrong with them as a
    solution to semantics problems? The problem I have with them is that very little of the work
    that I understand in Topic Maps or RDF connects with the semantics problems that I have in mind
    when I say We the users of descriptive markup have a problem with semantics. What
    I said in 1992 was: 

      But if data portability is good, application portability is better. If we are to make
        good on the promises we have made on behalf of SGML to our superiors, our users, and our
        colleagues, about how helpful SGML can be to them, we need application portability. And for
        application portability, alas, so far SGML and the world around it provide very little help.

      Application portability is achieved if you can move an application from one platform to
        another and have it process the data in “the same way”. A crucial first step
        in this process is to define what that way is, so that the claim that Platform X and
        Platform Y do the same thing can be discussed and tested. But SGML provides no mechanism for
        defining processing semantics, so we have no vocabulary for doing so.

    

  Now, of course, there are lots of good reasons that SGML doesn’t provide a
    vocabulary of processing primitives, and it’s exactly right. But it simply means that in
    order to solve the problem of application portability, we need to choose and develop —
    choose, establish, develop, provide — some way of getting at those semantics. Do RDF and
    Topic Maps help here? How? Not, alas, in my experience. They offer a lot of functionality. They
    offer many semantically-rich bits. They work very well with data that is extremely regular, like
    triples or associations. They work a little less well with text. But that is where I came in;
    that is what I’m looking for help with.

  Text is not a corner case. If we focus only on the tractable, regular cases because those
    are the ones that are tractable in our attempts to solve semantics, we’re a little bit
    like the drunk who is looking for his keys under the street light instead of where he lost them
    because the light is better there. Intelligence, as Tim Bray used to say, is a textual
    application. There is a reason that the budget of the United States is printed as a book with
    notes, footnotes, and preface and commentary; it’s because the simple array of numbers
    is not the whole story. You get the kind of regularity you get in relational tables, or for that
    matter in triples and associations, by banishing nuance and details to the footnotes. But the
    footnotes will need to be text.

  It’s interesting, of course — we are acutely aware as we write prose
    definitions of the meaning of our markup that even when we write it really, really well, there
    will be readers who are ingenious enough to find ambiguities and uncertainties and vagueness and
    even, God forbid, contradictions in what we have written. Sometimes they’re illusions,
    but quite often, they’re there; we just didn’t see them. Murata Makoto found
    more ambiguities in the XML 1.0 spec than I would have ever imagined, by the simple procedure of
    translating it into Japanese and saying, Well, how do I translate this sentence? There
      are two different ways. Which does it mean? Ask me to tell you about the meaning of
      may not sometime.

  So, it is natural that people who have been working with prose have always wanted to move to
    some sort of formalism. Allen Renear once  gave a talk at Extreme
    Markup Languages in which he talked about the ability to have statements in modal logic
    completely replace the prose description because they would be unambiguous, they would be clear,
    they would be precise, they would be compact [ar]. Before we go there,
    however, we should note that there are no notations that are so precisely defined and so
    widespread and so widely used as, say, programming languages.

  Recently, the Communications of the ACM published an
    interview with Donald Knuth, who is widely and justifiably regarded as perhaps the greatest
    programmer in the world [dek]. Remember what Knuth did? One of Knuth’s
    major contributions to programming technology is the introduction of prose into the
    documentation of programs — the invention of literate programming, in which, as he says,
    you say everything twice.[3] It’s as if programmers have to be Yossarian in Catch-22; you will remember that Yossarian was in the hospital because he saw
    everything twice [jh]. Seeing everything twice is a nice metaphor for the play
    of memory and expectation that is at the heart of the novel Catch-22, but I won’t go there.

  You have to say everything twice. This is also the mechanism adopted in formal specification
    languages like Z. Every Z textbook I have ever read has some passage where they say You
      will at some point say, ‘Ah, I have got it’, and you will go home, and you
      will write ten pages of Z formalism, and you will go back to your colleagues, and you will
      say, ‘I have solved it. Here is the design’. You do not have the design. You
      do not have a Z document. If it is only the formalism, it’s not a
    specification. You must say everything twice. The two ways of saying it reinforce each other,
    clarify each other, disambiguate each other.[4]

  So, I sometimes think that what we really need for practical purposes is not just the pure
    formalism that I associate with RDF and, so a slightly lesser extent, with Topic Maps —
    modulo the determined resistance to going the final step to full formalism that Murray Altheim
    was exhibiting the other day [ma]. And what we really need is not prose by
    itself. What we really need is both. We need a way to embed the formal syntax into prose, as a
    sort of paraphrase. The work Sam Hunting reported on the other day illustrates this very
    precisely [shunt]. So does the RDFa specification published recently by the
    World Wide Web Consortium. Both of them turn the document author into a kind of Yossarian: they
    enable us to say everything twice, once in the formalism so it’s tractable for machines,
    and once in prose, where the nuances and the hesitations and the limitations can come across to
    the reader.

  I think we also need to have explicit tools for talking about translation from our markup
    into other formalisms. So, the kinds of things that Dichev, Dicheva, and Ditcheva were talking
    about this morning are relevant here [ddd]. Now, there’s a lot to say
    about translation, translation mechanisms, and tools to support it. I won’t talk about
    them now because they are too important, there’s too much to say, I’ll get
    excited, and you’ll be here for another hour and a half. If we solve these problems or
    even if we just make some progress on them, we will, I think, fairly soon decide that
    they’re not really part of semantics because we know how to deal with them, but we will
    be in a much more comfortable world than we are now.

  We’re almost done here, almost done with this talk, almost done with this
    conference.

  But wait. There is more.

  There is more work for each of us to do. There is more for each of us to learn. There is
    more for each of us to teach the others. But there is more to all of that than I can tell you
    about here now. So really, it’s up to you. Go home now, this barn raising is over. When
    you get home, you’ll have plenty to do, but come back next year and tell the rest of us
    all about it.

  Thank you. Have a safe journey home.
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Notes
I am indebted to Tonya Gaylord of Mulberry Technologies for transcribing the tape of
        this talk. I have mostly left the wording alone, but I’ve supplied missing words and
        recast a few sentences whose structure got away from me when the talk was being given, or
        whose structure would not be as clear in print as it was in oral presentation.

    
View note in Notes section
I seem to have exaggeraged slightly. In [fjs], the discussion takes
        two pages (pp. 353f), and in [nsjs], the core of explanation takes only
        one page (p. 13), not three.

    
View note in Notes section
Knuth says, As I’m writing The Art of Computer
            Programming, I realized the key to good exposition is to say everything
          twice: informally and formally. The reader gets to lodge it in his brain in two different
          ways, and they reinforce each other. In writing a computer program, it’s also
          natural to say everything in the program twice. You say it in English, what the goals of
          this part of the program are, but then you say it in your computer language. You alternate
          between the informal and the formal. Literate programming enforces this
      idea.

    
View note in Notes section
One good example is the discussion on page 8 of [zgb] of the mutual
        reinforcement of formal and informal expression in a specification, and the discussion on
        page 9 of the mathematical syndrome.

    
View note in Notes section

	[1]I am indebted to Tonya Gaylord of Mulberry Technologies for transcribing the tape of
        this talk. I have mostly left the wording alone, but I’ve supplied missing words and
        recast a few sentences whose structure got away from me when the talk was being given, or
        whose structure would not be as clear in print as it was in oral presentation.

    

	[2]I seem to have exaggeraged slightly. In [fjs], the discussion takes
        two pages (pp. 353f), and in [nsjs], the core of explanation takes only
        one page (p. 13), not three.

    

	[3]Knuth says, As I’m writing The Art of Computer
            Programming, I realized the key to good exposition is to say everything
          twice: informally and formally. The reader gets to lodge it in his brain in two different
          ways, and they reinforce each other. In writing a computer program, it’s also
          natural to say everything in the program twice. You say it in English, what the goals of
          this part of the program are, but then you say it in your computer language. You alternate
          between the informal and the formal. Literate programming enforces this
      idea.

    

	[4]One good example is the discussion on page 8 of [zgb] of the mutual
        reinforcement of formal and informal expression in a specification, and the discussion on
        page 9 of the mathematical syndrome.
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Abstract
That the textual phenomena of interest for markup are not always
hierarchically arranged is well known and widely discussed.  Less
frequently discussed is the fact that they are also not always
contiguous, so that the units of our analysis cannot always correspond
to single elements in the document. Various notations for
discontinuous elements exist,
but the mapping from those notations to data structures has not been
well analysed or understood.  And as far as we know, there are
no standard mechanisms for validating discontinuous elements.
We propose a data structure (a modification of the Goddag structure) to better
handle discontinuous elements:  we relax the rule that every
pair of elements where one contains the other be related by
a path of parent/child links.  Parent/child links are then not an
automatic result of containment.  We conclude with a brief
sketch of the issues involved in extending current validation
mechanisms to handle discontinuity.



Copyright © 2008 by the authors.  Used with
permission.



This paper describes work in progress on the problem of
discontinuous structures undertaken in the context of the
project Markup Languages for Complex Documents (MLCD) at the
University of Bergen.
The first section describes the problem in
simple terms.  Subsequent sections describe the problem as it relates
to other work of the MLCD project:
the TexMecs notation for marked up documents in serial form, to the
Goddag data structure, and to validation with rabbit/duck grammars.

We consider the problem of discontinuity in the light of a recent
proposal to treat containment and dominance
as distinct relations. We suggest that this proposal allows a solution
(or dissolution) of the problem, at least for Goddag structures.  In
the context of validation, a number of problems remain for future
work.




The problem of discontinuity

Consider the following familiar passage from Lewis
Carroll's Alice in Wonderland:


Alice was beginning to get very
tired of sitting by her sister on the bank,
and of having nothing to do: once or twice
she had peeped into the book her sister
was reading, but it had no pictures or
conversations in it,
and what is the use of a book,
thought Alice
without pictures or conversation?




In its most general form, the problem of discontinuity
is the question How can we represent this passage,
and others like it, in a satisfactory way?  This
general problem takes more specific forms in the
context of specific notations, data structures, and
validation tools.

We might mark this up using p (paragraph)
and q (quotation, for reported discourse)
elements in a straightforward way:

<p>
Alice was beginning to get very
tired of sitting by her sister on the bank,
and of having nothing to do: once or twice
she had peeped into the book her sister
was reading, but 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>


This encoding satisfactorily distinguishes
the narrative voice from that of the characters
(although it does not capture the fact that
the q elements are to be
read as uttered by Alice), and it allows a formatting
application to supply quotation marks in the
right places.

It does not, however, capture the
intuitive sense the reader may have that the
reported thoughts of Alice form a single continuous
unitary utterance, nor the interplay and
alternation between the two voices.  It would be
desirable if the markup sufficed to allow some
of the more obviously relevant inferences to
be drawn, without losing any of the information
provided in the original simple markup:

	This paragraph contains one (one!)
quotation from Alice.


	The sentence What is the use of a book,
without pictures or conversation? occurs
in the text (and should in principle be retrievable by a
phrase search looking for book
adjacent to without).[1]




	That one quotation from Alice is interrupted
by the narrator's attribution of the thought to
Alice.





The problem encountered here is not new; it has
been recognized for some years.
We digress briefly here to review some earlier
approaches to the problem, since they help illuminate
the issues.

The 1990 version of the TEI Guidelines
[teip1] proposes specialized markup
for discontinuities in the reporting of direct discourse.
Interruptions of the quotation by a narrator may be
tagged with the tag <in.quot>.  Using
this element, the example would read:


<p>
Alice was beginning to get very
tired ... but it had no pictures or
conversations in it,
<q>and what is the use of a book,<in.quot>
thought Alice
</in.quot>without pictures or
conversation?</q>
</p>


The in.quot element did not survive
the revision of the Guidelines.  Some readers
may find it awkward (although this can be debated back and forth)
because they perceive the attribution thought Alice
as an interruption or suspension of the quotation,
and not as something embedded within (and thus in some sense
forming part of)
the quotation.
The fact that a formatting application will emit
a closing quotation mark for the
start-tag of in.quot,
and an opening quotation mark for
its end-tag, may contribute to a feeling
of unease.
And in.quot
does not in any case handle all forms of
discontinuity.[2]



Later versions of the TEI Guidelines
[teip3]
define more powerful methods of encoding discontinuity.
For certain elements (specifically, verse lines
and text divisions), a part attribute
is defined, which takes the values
I (initial),
M (medial), and
F (final) (as well as
Y and N for less informative encodings).
The unity of a discontinuous element
can be reconstructed by taking the fragment
with part="I", followed by the
zero or more fragments with part="M",
and concluding with part="F".
A second mechanism uses
next and prev attributes
of type IDREF to allow each fragment of a
whole to point at the next such fragment.
The next / prev mechanism
is more general than the part attribute
because it does not
require the fragments of a discontinuous whole to appear
in order in the larger document.
The next and prev attributes
are defined for every element type,
if the additional tag set for linking is selected.
Using next and prev,
our example might look like this:

<p>
Alice was beginning to get very
tired ... but it had no pictures or
conversations in it,
<q id="q1" next="q2">and what is
the use of a book,</q>
thought Alice
<q id="q2" prev="q1">without
pictures or conversation?</q>
</p>

A third mechanism, less convenient but more
powerful, is the TEI's join element,
which creates a virtual element by joining
fragments together.[3]
Assuming the same IDs as just
shown, the unitary nature of Alice's utterance
might be encoded thus:

<join result="q" targets="q1 q2"
  scope="branches"/>





TexMecs notation

Mechanisms like those defined by the TEI are not, of course,
understood or supported by generic XML tools; they require
vocabulary-specific support by a different
layer of code.  One goal of
the TexMecs notation first specified in 2001 and revised in 2003
[ref-texmecs]
is to move such information about virtual elements
and element discontinuity out of the application level
and into the level of basic syntax.
TexMecs includes a generic notation for discontinuous elements:
in addition to start- and end-tags of the form
<e| and |e>, TexMecs defines
suspend- (|-e>)
and resume- (<+e|) tags,
which can be used to signal discontinuity in the element.


Using this TexMecs notation, the passage from Alice in Wonderland
can be encoded thus:

<p|Alice
was beginning to get very tired of sitting
by her sister on the bank, and of having
nothing to do: once or twice she had peeped
into the book her sister was reading, but
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>

This has the modest advantage over the next /
prev mechanism of TEI P3 that it does not require that
we generate unique identifiers for the fragments; it's also a bit more
compact than the attribute-based notations.
It shares with the other mechanisms mentioned the property of
assuming some more abstract layer in which elements fragmented
in the concrete syntax are treated as units, and of leaving the
details of that more abstract layer to be specified
elsewhere, while it focuses solely on the serialization layer.


In the MLCD project, efforts to define that more abstract layer
have focused on the definition of generalized ordered-descendant
directed acyclic graphs (Goddags).





Goddag structures

The Goddag structure is a directed acyclic graph structure
developed by the MLCD project
for the convenient representation of overlapping
document structures
[ref-goddag].


Although in principle the goal of the MLCD project is to ensure that every
TexMecs document be representable using a Goddag structure, and that every
Goddag structure be serializable as a TexMecs document, nevertheless work to date
on Goddag structures has not addressed the topic of discontinuous
elements directly. The definition of Goddag structures antedated the
specification of the TexMecs notation, and when the notation for
discontinuous elements was added to TexMecs, we did not initially
notice that it caused a problem for the existing rules for mapping
documents into Goddag structures.


Our colleague Paul Meurer called our attention to
the problem, when he discovered that his program for
drawing diagrams of Goddag structures from TexMecs data
[ref-meurer]
was producing output structurally different from the input
whenever it was asked to re-serialize TexMecs examples with discontinuous
elements.  His
program maps the example into the Goddag
structure shown in Figure 1, “A Goddag for the Alice example”.

[image: A Goddag for the Alice example]
Figure 1.A Goddag for the Alice example
The crossing lines here
signal a conceptual difficulty;
from a graph-theoretic point of view, and thus from
the point of view of the definition of Goddag structures,
Figure 1, “A Goddag for the Alice example” is just another way of drawing
the graph in Figure 2, “A Goddag for the Alice example, without crossing lines”.

[image: A Goddag for the Alice example, without crossing lines]
Figure 2.A Goddag for the Alice example, without crossing lines
That is, the p has three children,
in the following order:  a text node (Alice was beginning ... of a book),
a q element, and a text node (thought Alice);
the q element has two text-node children
(and what ... and without ...).
This is equivalent, in turn, to the TexMecs document

<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>
<+q|without pictures or conversation?|q>
thought Alice
|p>

And indeed a straightforward serialization of the
Goddag structure into TexMecs notation is likely to produce
this form of the document, or something similar.


These observations may be interpreted as indicating a
problem in the serialization of Goddag structures, and
we and our colleagues in the MLCD project have spent
some time attempting to understand and solve the problem
in those terms, without achieving results that we have
found wholly satisfactory.  This paper proposes that
in fact the problem indicated by this example lies not
in the serialization of Goddag structures, but in the
mapping from TexMecs into Goddag structures and in the
definition of Goddag structures.




We can formulate the problem as we now understand it
in slightly more abstract terms.


A discontinuous element in TexMecs has a start-tag, an end-tag, one
or more suspend-tag / resume-tag pairs.
Any discontinuous element E with P suspend/resume pairs divides the
material appearing between the start-tag and end-tag of
E into 2×P+1 sequences:


	s[1] is the sequence between the start-tag and the first suspend-tag, 


	s[2] between the first suspend-tag and the first resume-tag, 


	s[3] between the first resume- and the second suspend-tag 


	... 


	s[2×N] is the sequence between the Nth suspend-tag and the Nth
        resume-tag (for 1 ≤ N < P)


	s[2×N+1] the sequence between the Nth resume-tag and the N+1th
          suspend-tag (for 1 ≤ N < P)


	...


	s[2×P+1] is the sequence between the last resume-tag and the end-tag




For any i, if i is odd, s[i] is contained within E,
and if i is even, then s[i] is not contained within E.



Without loss of generality, let us consider the TexMecs document D


  <A|<B|x|-B>y<+B|z|B>|A>


where sequence s[1] contains just the character x, s[2] contains
y, and s[3] contains z.  Let us refer to s[1], s[2], and
s[3] as x, y, and z.



TexMecs discontinuity is meaningful just on the assumption that
there is some significance both to the sequence xz

and to the sequence xyz.
Otherwise, there is no need to make B be discontinuous; the material
interrupting it (i.e., y) can be moved to one side or the other of B.


The sequence xyz can be preserved without difficulty in the
data structure if the A node has three children, in order, which are
or contain x, y, and z respectively.  Similarly, the unity of
B can be indicated, and its contents correctly represented, if the
B node has the two children x and z, in that order.  And the
fact that B is wholly contained within A can be captured by
having the A node dominate the B node.


It appears difficult to reconcile these different demands. The
original description of Goddag structures
[ref-goddag, p. 151] specifies a rule we will
call here R1:



	R1
	
One node
dominates a second if and only if the second node is completely
contained within the first.





Since A contains B, rule R1
requires that A dominate B. A second rule, R2, stipulates that:



	R2
	
No
node dominates another node both directly and indirectly.





Since
A dominates B and B dominates x and z, A dominates x and
z indirectly and is forbidden by rule R2 to dominate them directly as well.





Containment and dominance

In recent work reported elsewhere
[ref-cd], we have for other reasons
begun to contemplate
distinguishing more sharply than heretofore between
dominance (regarded as the transitive closure
of the parent/child relation).
and
containment (regarded as superset/subset
relation on the leaf nodes reachable from a node by
following parent-child arcs).


In previous work, containment and dominance have been
regarded as near synonyms, connected by the principles R3 and R4,
which are a fuller and more precise statement of the same
general idea as R1:


	R3
	If two nodes A and B each contain
the other (i.e. they dominate the same set of leaves), then either
A dominates B or B dominates A.



	R4
	Given two nodes A and B which do
not dominate the same set of leaves, A dominates B if and only
if A contains B.





The rationale for distinguishing more broadly
between containment and dominance can be summarized here briefly.
When a document contains several
hierarchical structures, a
purely containment-based method of deriving the Goddag structure leads
to a confusing mixture of hierarchies:  sometimes (for example) pages
contain paragraphs, sometimes paragraphs contain pages, and sometimes
pages and paragraphs simply share children without either containing
the other.  Similar things can be said about verse lines and speeches,
in verse drama. This leads to a confusing account of the structure
of the larger units of the document.  It is convenient to be able
to view a chapter either as a sequence of paragraphs (oversimplifying
slightly for brevity) or a sequence of pages; it is somewhat less
convenient to have to view it as containing a sequence of children
some of whom are pages, others paragraphs.  Such a mixed view offers
little help in describing or understanding the nature of chapters,
and still less in validating them against a document grammar.


We propose, then, to relax rules R3 and R4.
We propose to replace them
by stipulating that dominance (parent-child) relations in a
Goddag structure entail containment, but not vice versa.
In other words:


	R5
	Given two nodes A and B,
if A dominates B, then A contains B.





But the converse implication, from containment to dominance,
does not apply. Dominance relations are based upon some
other criteria, which require elaboration in future work.
At the moment, our
best suggestion for such criteria are grammatical:  node A
dominates node B only if both are first-class elements
in some rabbit/duck grammar, and there is some rule in the grammar
with A on the left-hand side and B (posssibly among other
things) on the right-hand side.  (And, of course, A must
contain B.)  In the usual case there will be several
different grammars. Each node may, by virtue of being first-class in more than
one of them, have several different sequences
of children, one for each grammar; these sequences of children
need to be distinguished somehow.
We speculate that some Goddag-based structure analogous to the
multi-colored trees of [jagadish.etal.2004]
may be a useful solution, but we do not have concrete results
yet.


If we
replace R3 and R4 with R5,
then there are two Goddag structures that could
be used to describe the Alice example.  In the first, we
adopt the rule that neither a discontinuous element (here the q)
nor any of its fragments is ever a child of any element
which directly dominates
any material between any of its suspend- / resume-tag pairs
(here, the p).  The result is shown in Figure 3, “A Goddag in which P does not dominate Q”

[image: A Goddag in which P does not dominate Q]
Figure 3.A Goddag in which P does not dominate Q
The Goddag shown in Figure 3, “A Goddag in which P does not dominate Q”, however,
does not reflect our intuition as readers that the
paragraph and the q element are not quite so unrelated.
From a narrative point of view, the paragraph does not
contain just four text nodes in sequence; the
paragraph contains text in the narrative voice
interspersed with text in Alice's voice.  It may be
more satisfactory, then, to treat the fragments of the
q as themselves nodes in the Goddag structure and
allow them, though not the discontinuous q
itself, to be dominated by the p.

[image: A Goddag in which P dominates the Q fragments]
Figure 4.A Goddag in which P dominates the Q fragments
Figure 4, “A Goddag in which P dominates the Q fragments” conveys accurately that from one point of view
the paragraph has four children:  two text nodes and
two fragmentary q elements.

It is not immediately obvious whether the right thing to
do with the q element is to make it dominate the two
text nodes directly (as shown) or to make it dominate
the two fragmentary q elements which are its
representation in the TexMecs markup.  At the moment,
we lean toward the solution shown, on the grounds that
if we want to treat the q element as a unitary object
(which was, after all, the starting point of our
discussion), no good purpose is served by making
it structurally anomalous.  A normal q element
recording the sentence What is the use of a
book without pictures or conversations? will
contain textual data, not fragmentary sub-elements.[4]  If it is desirable to make
some connection between the nodes q, q1, and q2
explicit in the Goddag structure, it had better take
some other form.




Rabbit/duck grammars

The MLCD project has proposed
rabbit/duck grammars as a possible mechanism for validating
overlapping structures
[ref-rabbit-duck].

Previous work on rabbit/duck grammars has not dealt
with the validation of discontinuous elements; many questions
remain open, and we can do nothing here but sketch
some possible avenues of attack.

It seems clear that if we specify that the discontinuous
element (q or B in our examples) matches a normal
(first-class) token in a content
model, then the usual rules for interpreting right-hand
sides in the production rules of context-free grammars
do not apply:  the usual interpretation is that the
right-hand side specifies a sequence of children for
the left-hand side, but as described at some length
above (section Goddag structures)
the discontinuous element itself cannot
be part of any sequence which  also contains the material which
interrupts it.  We postulate, therefore, that discontinuous
elements, taken as wholes, do not match first-class
tokens in content models.  If then the content model for p is

(#PCDATA | q)*

and no further adjustments are made to the rules for
rabbit/duck grammars,
then the example from Alice in Wonderland
cannot be valid.


There seem to be two obvious alternatives, each of which
would make the example valid.
We could introduce a new kind of content-model token
for fragmentary elements, allowing us to write the
content model for p as

(#PCDATA | q | #frag(q))*

meaning that a p element can contain PCDATA,
entire q elements, or fragmentary q elements,
intermixed in any order. This would allow
the example to be valid.

It might be simpler, however, to allow
fragments of a first-class element to match
content model tokens for that element type.
When validating the p element in the example,
each fragmentary q element would match the
q token in the content model, so the example
would be valid against the first content model given.
This amounts to saying: for purposes of validating
the parent, the plusses and minus-signs in the
suspend- and resume-tags are ignored, and they
are treated as if they were end- and start-tags;
only for validation of the discontinuous element
itself does the difference between fragmentary
element and entire element matter.


The content model for q itself, however, should probably
be validated against the whole discontinuous q
element, not against the individual fragments.
Since conventional content models for quotations
are likely to take a form like

(#PCDATA | %phrase.mix;)*

this distinction doesn't matter for q.
But if we imagine a stricter content model with
a sequence of required sub-elements, the difference
will matter.  For example, take a conventional content model
for text:

(front, body, back?)

and imagine a text embedded in a larger text
which interrupts it:

<doc|
  <p|...|p>
  <p|...
    <text|
      <front| ... |front>
      <body|...
        ...
      |-body>|-text>
      <p|Just then, we were interrupted.
      ...
      |p>
      <+text|<+body|
        ...
      |body>
    |text>
  ...|p>
|doc>

As regards the discontinuous text element,
this document should probably be valid, not invalid.
Validating each fragmentary text element
separately, however, would
make the second text
fragment invalid, as it has no
front matter.


Integrating this idea more firmly into the definition of
validation using rabbit/duck grammars remains work for
the future.


Another pressing task will be modifying the parsing
algorithm for rabbit/duck grammars to integrate support
for discontinuity.  The published algorithm
uses Brzozowski derivatives, and it is not at all clear
how to suspend the validation of an element while
it is interrupted, and return when it is resumed.
The validation of discontinuous elements would be easier
using the graph data structure, but the only known
algorithms for validating with rabbit/duck grammars
rely on an event stream created by parsing TexMecs documents,
and cannot be used on Goddag structures.
The current working assumption
is that Goddag structures contain no nodes for start- or
end-tags (or any other form of tags, in languages with
multiple forms of tags); if this assumption were
abandoned, validation could work from the Goddag structure
(but the structures themselves would be harder to
define and work with).



It is possible that the treatment of interleave in
Creole
[creole]
will indicate a solution.
Further study of the
problem remains a task for future work.






Relation to other proposals


A few remarks may be in order on how discontinuity,
and the proposal to distinguish between containment and
dominance, relate to other proposals for handling overlapping
structures.

LMNL, the layered markup and annotation language
[add-lmnl],
cannot readily make a distinction between containment and
dominance (we are indebted to a reviewer of this paper for
this observation), and so seems unlikely to satisfy the
competing demands which suggest to us that both concepts
are needed.  On the other hand, there is a sense in which
LMNL does not need to make the distinction.
Elements in a LMNL document are in any case just ranges
with annotations; containment relations follow from the
arithmetic of the range start and end points, but
no dominance relations are ever postulated except by
some application logic.  The same applies for the unity
of discontinuous elements:  such a unity may be
asserted by the application layer (that is, by the
definition of a LMNL vocabulary), but it is not visible
on the LMNL level, and thus need not be accounted for
at the level of LMNL itself.


The design of LMNL thus seems to require that any
account of dominance (as distinct from containment),
and any account of discontinuous elements, be handled
in the application layer.  LMNL itself achieves a
degree of simplicity and regularity as a result,
at the expense of complexity in the application.


XCONCUR and similar mechanisms
([add-concur],
[add-concur2006])
already incorporate
the containment/dominance distinction to a certain
degree.  The usual rules for hierarchical markup ensure
that in a set of concurrent trees, dominance entails
containment, but the fact that two elements in a
containment relation may be in different trees
ensures that in systems with concurrent markup, the
relations of containment and dominance are systematically
separate and distinct.
For elements in the same tree, containment and dominance are essentially
equivalent (except for elements with identical character data content),
and elements in different trees never have dominance relations.  But these are
the only two choices: either two elements are both in the same tree, or
they are not.
The complex network of factors
in examples like the q and p elements
in the Alice example, however,
lead us to wish both that the p element should dominate
the q fragments and that it should not
dominate the q element as a whole.  In cases like this,
the either/or choice of concurrent markup can seem unsatisfactory.

And like non-concurrent XML, XCONCUR has no conception
of discontinuous elements.


Mechanisms like Trojan Horse markup
([add-derose],
[add-bauman])
can be used to
serialize discontinuous elements, provided the empty
XML elements used to mark the boundaries of virtual
elements have ways to signal that they record
a resumption, rather than only a beginning or end,
of the virtual element.  Trojan Horse markup can be
used to encode data models which make a distinction
between containment and dominance, but it does not
require such a distinction; its inclination is to
leave details of the abstract model for elaboration
by the user.  Indeed, the treatment above
of discontinuity, dominance, and containment may be
regarded as an attempt to make more explicit what
Trojan Horse markup hints at without making explicit.





Conclusion


We have illustrated the problem of discontinuity,
in particular the problems it raises for data structures
intended to represent documents.

We have proposed that a graph structure which more
nearly reflects our intuitions about the document can
be constructed if we retain the principle that parent/child
and ancestor/descendant relations imply that the ancestor
contain the descendant, but jettison the converse principle
that any element properly contained by another element
is necessarily a descendant of (dominated by) that other
element.

A number of questions remain open and
will require further work:

	Can a principled set of criteria be found for assigning
parent/child relations to node pairs?  What are they?
Do the criteria apply at the meta-language level, or
are they a function of how document type designers specify
the document types they are working with?


	Can discontinuous elements be integreated into the
notion of validity associated with rabbit/duck grammars?


	Can the algorithms for validation with rabbit/duck grammars
be extended to handle discontinuous elements?


	Can the ideas of multi-colored trees be applied
successfully to Goddag structures?
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Notes

An anonymous reviewer points out that the XQuery and XPath
Full Text specification
[add-ft]
provides at least a partial solution to this problem.
That is, it provides the concept of a full-text window
which one could use to express the adjacency of
book and without.
It does not, as far as we can tell, define a way to
specify that book should for
some purposes be treated as adjacent to thought,
and for other purposes as adjacent to without.
It is of course not alone in this lack.  (The TauRo system
now being developed at the Scuola Normale Superiore in Pisa
is unusual, in our experience, in providing for declarations
which specify that particular element types (jump tags)
create a context switch for purposes of full-text retrieval
and proximity measures.  See
http://tauro.signum.sns.it/index.php.)


View note in Notes section
In verse drama,
for example, speaker attributions
interrupt the verse structure and are not generally
regarded as embedded in the verse; in the latter
way, they differ from stage directions.

View note in Notes section
We describe
join as more powerful because unlike
the next / prev mechanism
it is not limited to gluing together fragments which
are tagged as elements with the same generic identifier.
It also has the ability to specify that the target
elements should be treated as children, or that
the target elements should be disregarded and
their children treated as children of the virtual
element, which is lacking in the other mechanisms
described here (including TexMecs).

View note in Notes section
That
the q element has two text-node children rather than
one is already an artifact of the encoding.  But like
many such artifacts, this one dissolves if instead of
positing text nodes we instead posit individual
characters as children of the element.  Conceptually,
individual character children are probably the
preferable approach.  We adopt the text-node approach
for drawing pictures, however, since it simplifies the
drawing task.

View note in Notes section
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An anonymous reviewer points out that the XQuery and XPath
Full Text specification
[add-ft]
provides at least a partial solution to this problem.
That is, it provides the concept of a full-text window
which one could use to express the adjacency of
book and without.
It does not, as far as we can tell, define a way to
specify that book should for
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and for other purposes as adjacent to without.
It is of course not alone in this lack.  (The TauRo system
now being developed at the Scuola Normale Superiore in Pisa
is unusual, in our experience, in providing for declarations
which specify that particular element types (jump tags)
create a context switch for purposes of full-text retrieval
and proximity measures.  See
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	[2]In verse drama,
for example, speaker attributions
interrupt the verse structure and are not generally
regarded as embedded in the verse; in the latter
way, they differ from stage directions.


	[3]We describe
join as more powerful because unlike
the next / prev mechanism
it is not limited to gluing together fragments which
are tagged as elements with the same generic identifier.
It also has the ability to specify that the target
elements should be treated as children, or that
the target elements should be disregarded and
their children treated as children of the virtual
element, which is lacking in the other mechanisms
described here (including TexMecs).


	[4]That
the q element has two text-node children rather than
one is already an artifact of the encoding.  But like
many such artifacts, this one dissolves if instead of
positing text nodes we instead posit individual
characters as children of the element.  Conceptually,
individual character children are probably the
preferable approach.  We adopt the text-node approach
for drawing pictures, however, since it simplifies the
drawing task.
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        linguistic research. After a decade of concentration on the development of formats in order
        to structure single annotations for specific linguistic issues, a variety of specifications
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        years. Among these approaches three main architectures can be identified: Prolog-based
        architectures, XML-related approaches and graph-based models that follow the XML syntax.
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        applications. In the Sekimo project the XML-based Sekimo Generic Format (SGF) was developed for the purpose of
        storing multiple annotations on the same primary data and examine relationships between
        elements of different annotation layers without prepended conversion. SGF is based on the
        design principles of graph-based approaches but makes use of the XML-inherent tree
        structures whenever possible to reduce processing costs. Analysing data stored in SGF can be
        done via standard XML-related specifications such as XPath, XSLT or XQuery and is done in
        our project in the linguistic application domain of anaphora resolution.
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    Introduction

    There is a large amount of machine-readable structured linguistic documents (often XML
      annotated) available to the public as well as several NLP tools which allow for the analysis
      of linguistic data. Besides corpora annotated for several linguistic phenomena, external
      knowledge bases like lexical nets (WordNet, cf. Fellbaum1998
      GermaNet, cf. Hamp1997) are an important
      source for linguistic studies. However, these resources are often heterogeneous in respect to
      both, the underlying schema of the output format and the functionality provided. Furthermore,
      their use for (semi-) automatic annotation can lead to the problem as to how to represent
      multi-dimensional, possibly overlapping markup - which often occurs when different linguistic
      annotation levels are unified (e.g. syllables vs. morphemes). Different methods for the
      annotation of multiple information levels have been developed: separation of multiple
      annotation levels in separate files, fragmentation or milestones (cf. Sperberg-McQueen2002a). In the Sekimo project
      different approaches for the integration of heterogeneous linguistic resources were developed
      and applied in the domain of anaphora resolution. For the task of anaphora resolution
      different types of information are necessary: POS, syntactic knowledge, world knowledge (e.g.
      in terms of an ontology) and the like. Therefore various linguistic resources such as parsers,
      dictionaries, wordnets or ontologies have to be combined. However, in most cases the output
      format of a linguistic resource A is not suitable as input format for a linguistic resource B,
      which means that a cascaded application of several resources is not possible. After
      experiences with a Prolog fact base approach (cf. Prolog-based architectures) we have
      developed an XML-based abstract representation format similar to the standoff annotation model
      described by Thompson1997 which encodes the same textual data in separate
      files according to different document grammars addressing different relevant phenomena.

    Information structuring can always be split up into a conceptual process and a technical
      realization. We follow the discussion in Buchkapitel and use the term
        level to refer to the information modelling concept (e.g.,
      morphological structure, phrase structure) and the term layer
      for the technical realization, i.e. the XML markup. Levels and layers can be in different
      relations (1:1 relation, 1:n, m:1 or n:m) which can lead to overlapping markup in the layer
      structure. The annotation format described in Witt2005 solves this issue and
      ensures a 1:1 relation. For clarification issues we prefer the term multi-rooted trees in favor of multiple
      annotations when talking about the architecture used in our project because the
      different levels of annotation are stored in a single representation.

    The remainder of this paper is structured as follows: At first we will give an overview of
      different approaches for integrating multiple annotated data, followed by a description of the
      Sekimo Generic Format (SGF) sketched out in The Sekimo Generic Format. In Application of SGF we will demonstrate how the SGF is used in the application
      domain of anaphora resolution. Finally, the paper closes with Conclusion and outlook in which possible extensions and future work are
    discussed.

  
  
    Different approaches to multiple annotated markup

    There is a variety of approaches for dealing with multiple annotated data (or multiple
      hierarchies) already available. DeRose2004 summarizes some solutions
      (including both XML-based and non-XML-based approaches) with their respective strengths and
      weaknesses. We propose to group a selection of the available solutions into three categories: 

        	
          Prolog-based architectures.

        

        	
          XML-related architectures.

        

        	
          Graph-based architectures that follow the XML syntax.

        

      

    The reason for this grouping is partially due to a chronological ordering (e.g. the roots
      of the Prolog-based architectures go back more than ten years) and partially because of the
      underlying technical foundation (e.g. the separation of XML-based and non-XML-based
      architectures). The last point is crucial with respect to the support in terms of tools (e.g.
      parsers, transformation processors, query tools) when it comes to the application of a specific architecture (cf. Application of SGF).

    
      Prolog-based architectures

      In Sperberg-McQueen2000 and Sperberg-McQueen2002 an
        abstract representation format to represent meaning and interpretation of markup based on a
        Prolog fact base was introduced. Witt2002 extended this architecture for
        dealing with multiple annotated data. In this extension textual data and annotation are
        split up in order to avoid overlapping markup (cf. Bayerl2003 for a
        further discussion). The elements, attributes and text nodes of the annotation layers are
        stored as Prolog predicates which contain the following information (for details refer to
          Witt2005):

      
        	
          The type of node (element, attribute or text) as the name of the predicate.

        

        	
          The name of the annotation layer.

        

        	
          The absolute start and end positions of the annotated text sequence.

        

        	
          The position of the node in the document tree.

        

        	
          The name of the element or attribute.

        

        	
          The value of an attribute.

        

      

      Each character in the text base (the primary data) can
        be addressed by its offset (its position) as shown in Figure 1, “Addressing character positions”. A single
        character has a start and end position and a step size of 1.

      
  T  h  i  s     i  s     a     s  e  n  t  e  n  c  e  .
00|01|02|03|04|05|06|07|08|09|10|11|12|13|14|15|16|17|18|19

      
Figure 1.Addressing character positions
      On the basis of the Prolog fact base format, possible relationships between element
        instances of different annotation levels can be examined via Prolog predicates (cf. Durusau2002 and Witt2005). As further option, a unified
        version can be created and exported back to XML where overlaps are handled by using
        milestones or fragments.

      Although the conversion itself can be done very quickly (two implementations are
        available, one programmed in Python, another one in Perl), the fact remains that a
        conversion from XML to Prolog is necessary both for markup unification and for analysing
        relations between different annotation levels. The need for information about the position
        of each single character of the primary data - which is demanded for reconstructing the
        primary data - and the distributed storing of element and attribute information results in
        rather large Prolog fact bases: for the largest single text stored in our corpus a single
        annotation layer of 1.7 MB in size is converted to a 6.4 MB-size Prolog fact base, the
        combined three annotation layers that are used in our project (logical document structure,
        POS, anaphoric relations) result in a 14.3 MB-size Prolog fact base.

    
    
      XML-related architectures

      Several XML-related but non-XML-based approaches for storing multiple annotated data
        have been developed in recent years, including the Layered Markup and Annotation Language
        (LMNL, cf. Tennison2002, Cowan2006), TexMECS (cf. Huitfeldt2001) and Generalized Ordered-Descendant Direct Acyclic Graphs
        (GODDAG, cf. Sperberg-McQueen2004) Multi-colored Trees (MCT, cf. Jagadish2004) or Delay Nodes (cf. LeMaitre2006). XCONCUR,
        formerly known as MuLaX (cf. Hilbert2005 and Hilbert2005a) has been recently accompanied by XCONCUR-CL (cf. Schonefeld2007, Witt2007) as a constraint-based validation language. 

      Although some of these approaches (e.g. LMNL, TexMECS, XCONCUR) support inline
        annotation of multiple annotation layers, these documents can get very complex when dealing
        with a large number of annotation layers. As a drawback, both, design and implementation of
        most of these architectures, rely on the work of only a few people. Therefore,
        specifications such as XCONCUR roughly remain in the state of experimental markup languages
        lacking the support of the large number of tools that is available for XML-based
      solutions.

    
    
      Graph-based architectures

      A variety of graph-based architectures that use the XML syntax has been developed in
        recent years. Starting with the Annotation Graph (AG) model presented by Bird1999 and Bird2001, architectures such as the NITE Object Model (cf. Carletta2003) in
        conjunction with NITE-XML, ATLAS (cf. Bird2000; Laprun2002) and the
        ATLAS Interchange Format (AIF), the Linguistic Annotation Framework pivot format (cf. Ide2004) and the similar Potsdam Austauschformat für
          Linguistische Annotationen (PAULA, cf. Dipper2005), the
        Graph-based Format for Linguistic Annotation (GraF, cf. Ide2007) or the
        Graph Exchange Language (GXL, cf. Holt2006, firstly used in the
        graph-based linguistic database HyGraphDB[2] to represent linguistic data structures) were published. 

      In principle, these graph-based formats allow the annotation of nearly every possible
        linguistic annotation. However, as these formats tend to split even single annotation layers
        into separate files (such as a markable/token file which delimits text spans used in
        annotation, a structure file for storing relations between annotation elements and a feature
        file which stores the former annotation), they are often used only as interchange formats.
        In addition, the higher complexity of computing graph structures in contrast to tree
        structures in combination with the fact that at least most single annotation layers can be
        structured in trees, leads to a certain inefficiency (cf. Dipper2007 who
        transform a standoff annotation into a an inline representation for efficient querying).
        Because our main focus was the development of a tool allowing for the comparison of
        different annotations we decided to implement an additional standoff format: The Sekimo Generic Format, SGF.

    
  
  
    The Sekimo Generic Format

    After the experiences made with the Prolog fact base format the decision was made to
      develop a similar representation based on XML. The initial goal was to use a native XML
      database as storage backend, however, during the development of the Sekimo Generic Format
      (SGF) several implementations were tested, including the use on a per-file basis, different
      native XML databases (e.g. eXist[3], Berkeley DB XML[4], Qizx/db[5], IBM DB2 Express-C 9.5[6]), and a relational database (MySQL[7], cf. SGF as import and export format). In the following sections we will present
      SGF in detail. The annotation layers shown in Figure 2, “Phrase structure annotation” and Figure 3, “Syllable annotation” will serve for demonstration purposes. In Application of SGF we will show a real world example from the domain of anaphora
      resolution.

    
<s xmlns="http://www.text-technology.de/sekimo/phrase"
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xsi:schemaLocation="http://www.text-technology.de/phrase phrase.xsd">
  <np>
    <pron>This</pron>
  </np>
  <vp>
    <v>is</v>
    <np>
      <det>a</det>
      <n>sentence</n>
    </np>
  </vp>.
</s>

    
Figure 2.Phrase structure annotation
    
<syll xmlns="http://www.text-technology.de/sekimo/syll"
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xsi:schemaLocation="http://www.text-technology.de/syll syll.xsd">
  <s>This</s>
  <s>is</s>
  <s>a</s>
  <s>sen</s>
  <s>tence</s>.
</syll>

    
Figure 3.Syllable annotation
    
      The concept of SGF

      SGF was developed for storing multiple annotated linguistic corpus data and examining
        relationships between elements derived from different annotation layers. The format consists
        of a base layer, providing the structure of an SGF instance and global attributes that are
        imported by the different annotation layers (cf. The base layer). The use of
        metadata in SGF is described in Metadata while Adding layers, Disjoints and continuous segments and Validation deal with different aspects of the format. Finally, we will
        discuss processing and querying of SGF annotated data in Querying and
        conclude with possible caveats of the format in Caveats and problems.

      [image: Diagram of the corpus root element]
          
        
Figure 4.Diagram of the corpus root element
      SGF can be used in two different ways as shown in Figure 4, “Diagram of the corpus root element”: 

          	
            As a container format that contains optional meta data (cf. Metadata) and the corpus data, i.e. the whole corpus is saved as a
              single SGF instance. This is the appropriate way when using SGF for storing small and
              medium sized corpora in conjunction with a native XML database (cf. Figure 5, “Storing a whole corpus in a single SGF instance”).

          

          	
            On a per-file basis or when dealing with larger corpora a meta SGF file is used
              containing (again optional) metadata for and references to the actual corpus files
              (cf. Figure 6, “Splitting up a whole corpus into multiple SGF instances (SGF meta file use)”).

          

        

      
<corpus xmlns="http://www.text-technology.de/sekimo"
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xmlns:base="http://www.text-technology.de/sekimo"
  xsi:schemaLocation="http://www.text-technology.de/sekimo root.xsd">
  <corpusData xml:id="c1" type="text" sgfVersion="1.0">
    <!-- [...] -->
  </corpusData>
  <corpusData xml:id="c2" type="text" sgfVersion="1.0">
    <!-- [...] -->
  </corpusData>
</corpus>

      
Figure 5.Storing a whole corpus in a single SGF instance
      <base:corpus xmlns="http://www.text-technology.de/sekimo"
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xmlns:base="http://www.text-technology.de/sekimo"
  xsi:schemaLocation="http://www.text-technology.de/sekimo ../xsd/root.xsd">
  <base:corpusDataRef xml:id="c1" uri="c1.xml" mime-type="text/xml"
   encoding="UTF-8"/>
  <base:corpusDataRef xml:id="c2" uri="c2.xml" mime-type="text/xml"
   encoding="UTF-8"/>
  <base:corpusDataRef xml:id="c3" uri="c3.xml" mime-type="text/xml"
   encoding="UTF-8"/>
</base:corpus>

      
Figure 6.Splitting up a whole corpus into multiple SGF instances (SGF meta file use)
      In both cases the root element is the corpus element; underneath this a
          corpusDataRef element or a corpusData element can be inserted.
        The empty corpusDataRef element allows for referring to an external file
        containing a corpus entry via its uri attribute and for specifying the external
        data in terms of encoding and mime-types (respective attributes of the same name). In this
        case the root element of the corpus entry instances that are referenced by the SGF meta file
        should be the corpusData element (cf. The base layer).

    
    
      The base layer

      The corpusData element is used for storing a single corpus entry containing
        optional metadata (cf. Metadata), the primary data, the segmentation of
        the primary data, and zero or more respective annotation layer(s) (cf. Adding layers). An example base layer is shown in Figure 8, “The SGF base layer”. The xml:id attribute is obligatory while the sgfVersion
        attribute is optional (with a default value of 1.0)

      [image: Diagram of the corpusData element]
          
        
Figure 7.Diagram of the corpusData element
      
<corpusData xmlns="http://www.text-technology.de/sekimo"
  xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xmlns:base="http://www.text-technology.de/sekimo"
  xsi:schemaLocation="http://www.text-technology.de/sekimo root.xsd"
  xml:id="c1" type="text" sgfVersion="1.0">
  <primaryData start="0" end="19" xml:lang="en">
    <textualContent>This is a sentence.</textualContent>
    <checksum algorithm="md5">d15ba5f31fa7c797c093931328581664</checksum>
  </primaryData>
</corpusData>

      
Figure 8.The SGF base layer
      The corpusData element holds the type attribute which can be
        either set to the value text or multimodal while the primaryData child element contains either
        the textual primary data (i.e. the text that is used as basis for annotation) as text node
        of the textualContent element or a reference to a file containing the primary
        data (in case of larger texts or non-textual primary data) via a location child
        element (not shown in the example listing). In the latter case an optional checksum of the
        input file can be provided in the corresponding element to preserve integrity of primary
        data when dealing with multiple annotation resources. Note, that we do not handle any byte
        offset problems derived by different encodings (e.g. Latin 1 vs. UTF-16), therefore, the use
        of the encoding attribute is highly recommended.[8]

      When using SGF for storing multimodal annotations, multiple primaryData
        elements are allowed. In this case, the attribute role has to be provided which
        marks exactly one primary data file as "master" while the other primary
        data files are marked as "slaves". The master primary data file sets the
        timeline, the slave files can be aligned to the master file via an optional
        offset attribute.

    
    
      Metadata

      Metadata can be used in several locations in an SGF instance: as child element of the
          corpus element (for information regarding the whole corpus), underneath a
          corpusData entry (denoting metadata related to a single corpus entry and its
        annotation layer(s)), or as child of an annotation level. In the underlying XML schema
        description of the base layer the meta element is declared wrapper element for
        elements derived from a different namespace while the processContents attribute
        is set to lax, i.e. if an optional XML schema description
        for the referenced namespace is available it should be used for validation. In our case we
        use OLAC metadata (cf. Simons2001) which has turned out to be an adequate
        solution for a variety of linguistic data. Figure 10, “SGF instance containing two annotation layers” shows an SGF
        instance containing OLAC metadata.

    
    
      Adding layers

      Several annotations of the primary data can be stored inside a corpusData
        element. Whenever an annotation layer is added, two steps have to be undertaken:

          	
            The segments which delimit the annotated parts of the primary data are
            defined.

          

          	
            A converted representation of the original annotation is stored.

          

        

      The segments element consists of at least one segment. Each
        segment is defined by its start and end position in the character stream - similar to the
        Prolog fact base format discussed in Prolog-based architectures (for an alternative
        definition of segments cf. Disjoints and continuous segments). We use simple numeric attributes
        (defined as nonNegativInteger data type in the underlying XML Schema, cf. Validation and XMLSchema2004b) for defining the start
        and end position - in contrast to the PAULA format (Dipper2005), which
        uses XLink (DeRose2001) and the XPointer framework (Grosso2003) to identify text spans. Because single characters have a step size
        of 1 (cf. Figure 1, “Addressing character positions”), empty elements use the same value for start and end
        position. An optional segment type attribute can be used to provide more
        information about the segment (available values are empty,
          char for character data, ws for whitespace characters, pun for
        punctuation characters, dur for duration in case of
        multimodal primary data and seg for referring to already
        defined segments, cf. Disjoints and continuous segments).

      Figure 10, “SGF instance containing two annotation layers” shows the SGF representation of the two annotation layers
        given in Figure 2, “Phrase structure annotation” and Figure 3, “Syllable annotation”. Note that a segment
        has to be defined only once, even if it is used in different annotation layers - in contrast
        to some other graph-based approaches (cf. Graph-based architectures) which define the same
        character span separately for each annotation layer. This results in a smaller amount of
        segments that has to be defined even for a large number of annotation layers.

      The annotation of the primary data is stored in the corresponding element. Following the
        terminological distinction between levels and layers (cf. Introduction), each level element contains - in addition to optional metadata - exactly
        one layer element consisting of the markup representation of the corresponding
        annotation level. An annotation element may contain more than one
        level element, this mechanism can be used for subsuming annotation levels (e.g.
        when the corresponding elements are declared in the same document grammar). The
        layer element is a wrapper element containing elements derived from a different
        namespace, similar to the meta element (cf. Metadata). However, while the
        value of the processContents attribute of the latter is set to lax, the value of the respective attribute of the
        layer element is set to strict, resulting in
        the fact that an XML schema has to be provided for each annotation layer (cf. Validation).

      [image: Diagram of the level element]
          
        
Figure 9.Diagram of the level element
      <corpus xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xsi:schemaLocation="http://www.text-technology.de/sekimo root.xsd"
  xmlns="http://www.text-technology.de/sekimo"
  xmlns:base="http://www.text-technology.de/sekimo">
  <corpusData xml:id="c1" type="text">
    <primaryData start="0" end="19" xml:lang="en">
      <textualContent>This is a sentence.</textualContent>
      <checksum algorithm="md5">d15ba5f31fa7c797c093931328581664</checksum>
    </primaryData>
    <segments>
      <segment xml:id="seg0" type="char" start="0" end="19" />
      <segment xml:id="seg1" type="char" start="0" end="4" />
      <segment xml:id="seg2" type="char" start="5" end="18" />
      <!--[...]-->
    </segments>
    <annotation>
      <level xml:id="al1" priority="1">
        <meta>
          <olac:olac xmlns:olac="http://www.language-archives.org/OLAC/1.0/"
            xmlns="http://purl.org/dc/elements/1.1/"
            xmlns:dcterms="http://purl.org/dc/terms/"
            xsi:schemaLocation="http://www.language-archives.org/OLAC/1.0/
            meta/olac.xsd">
            <format>text/xml</format>
            <dcterms:isFormatOf>sentence.txt</dcterms:isFormatOf>
            <description>Phrase structure annotation.</description>
          </olac:olac>
        </meta>
        <layer xmlns:phrase="http://www.text-technology.de/sekimo/phrase"
          xsi:schemaLocation="http://www.text-technology.de/sekimo/phrase
          phrase.xsd">
          <phrase:s base:segment="seg0" xml:lang="en">
            <phrase:np base:segment="seg1">
              <phrase:pron base:segment="seg1" />
            </phrase:np>
            <phrase:vp base:segment="seg2">
              <phrase:v base:segment="seg3" />
              <phrase:np base:segment="seg4">
                <phrase:det base:segment="seg5" />
                <phrase:n base:segment="seg6" />
              </phrase:np>
            </phrase:vp>
          </phrase:s>
        </layer>
      </level>
    </annotation>
    <annotation>
      <level xml:id="al2" priority="1">
        <meta>
          <olac:olac xmlns:olac="http://www.language-archives.org/OLAC/1.0/"
            xmlns="http://purl.org/dc/elements/1.1/"
            xmlns:dcterms="http://purl.org/dc/terms/"
            xsi:schemaLocation="http://www.language-archives.org/OLAC/1.0/
            meta/olac.xsd">
            <description>Syllable annotation.</description>
          </olac:olac>
        </meta>
        <layer xmlns:syll="http://www.text-technology.de/sekimo/syll"
          xsi:schemaLocation="http://www.text-technology.de/sekimo/syll
          syll.xsd">
          <syll:syll base:segment="seg0">
            <syll:s base:segment="seg1" />
            <syll:s base:segment="seg3" />
            <syll:s base:segment="seg5" />
            <syll:s base:segment="seg7" />
            <syll:s base:segment="seg8" />
          </syll:syll>
        </layer>
      </level>
    </annotation>
  </corpusData>
</corpus>

      
Figure 10.SGF instance containing two annotation layers
      As one can observe in Figure 11, “Use of XML's ID/IREF(S) mechanism in SGF”, SGF heavily makes use of XML's
        inherent ID/IDREF(S) mechanism to connect segments of the primary data with single or
        multiple annotation layers (displayed as solid red lines).

      [image: Use of XML's ID/IREF(S) mechanism in SGF]
          
        
Figure 11.Use of XML's ID/IREF(S) mechanism in SGF
      When comparing the two annotation layers with the namespace prefixes phrase
        and syll with their respective original representation given in Figure 2, “Phrase structure annotation” and Figure 3, “Syllable annotation”, a second design goal of SGF is made
        visible: to conserve as much of the former annotation format as possible. Still, a
        conversion has to be made consisting of the following steps:

          	
            Elements with a mixed content model are converted into container elements.

          

          	
            Elements containing text nodes are converted into empty elements.

          

          	
            The base:segment attribute is added to former non-empty elements as
              an obligatory attribute (and as an optional attribute for empty elements).

          

        
 The same conversion rules are applied to the underlying XSD (cf. Validation). As shown in Figure 10, “SGF instance containing two annotation layers” the hierarchy of
        elements and all attributes remain intact, i.e. there is no need for additional files such
        as structure files which are needed for the graph-based annotation formats discussed in
          Graph-based architectures. However, this statement is only true as long as the
        XML-inherent tree structures are adequate.[9] An XSLT implementation is available for converting arbitrary inline annotation
        layers into their respective SGF representation while a second XSLT script merges different
        annotation layers according to the same primary data into a single SGF instance. Therefore,
        it is possible to add additional annotation elements to an already existing SGF
        instance at any time (as long as the primary data is not changed). Work has begun on a
        second implementation (written in Java).

    
    
      Disjoints and continuous segments

      Often segments consist of other segments making it possible to create new segments not
        only by defining their start and end positions but by referring to already defined segments
        using the segments attribute, too (cf. Figure 12, “Definition of a disjoint segment by referring to already established ones”). In
        order to distinguish if these newly established segments include all segments starting from
        the first referred segment up to the last referred one, or define a disjoint span, the
        attribute mode has to be set to the value continuous or disjoint, respectively. The
        example in Figure 12, “Definition of a disjoint segment by referring to already established ones” shows a disjoint span.

      <segment xml:id="seg6" type="seg" segments="seg1 seg3" mode="disjoint"/>;

      
Figure 12.Definition of a disjoint segment by referring to already established
          ones
      Note that this feature of SGF could be used for conversion between SGF instances and
        architectures mentioned in XML-related architectures, however, up to now it has been of
        theoretical use only.

    
    
      Validation

      An important aspect when dealing with multiple annotated data is the question of
        validating this data. In case of overlaps it is strictly impossible to provide a document
        grammar that is feasible for validating the unification of different annotation layers -
        even without the amount of work that has to be done for producing such a document grammar.
        Therefore, we propose that each annotation level is validated separately - in addition to
        the SGF instance as a whole - with a transformed version of its original document grammar.
        This conversion follows the conversion of the annotation layer described in Adding layers.

      We decided to use W3C XML Schema Description Language (XSD) (cf. XMLSchema2004) as the underlying schema language for SGF for different
        reasons. As already stated, SGF relies heavily on two aspects: 

          	
            ID/IDREF(S) mechanism, and

          

          	
            Namespace support.

          

        
 While ID/IDREF(S) is already present in XML Document Type Definitions, DTDs
        lack real support for XML namespaces. Furthermore, SGF makes use of XML Schema data types
          (XMLSchema2004b) and when external document grammars (for annotation
        layers and metadata) are imported, the control of the processing of the imported document
        grammars is crucial (cf. SGF as import and export format for the discussion of the Serengeti
        log functionality and the role of XML Schema's processContents attribute).
        Because of this we had to choose one of the XML schema languages available. XSD was
        favoured over RELAX NG (RELAX2003) because of the better software support,
        e.g. with Saxon-SA[10] a schema-aware XSLT and XQuery engine is available which allows for the use of
        the id() and idref() functions for the task of comparing different annotation layers (cf.
          Analysing annotations). Of course it would be possible to use simple string
        comparisons, however, XML IDs are usually indexed by the XSLT processor (for Saxon cf. 
        http://saxon.wiki.sourceforge.net/indexing)
        and are for this reason - in most cases - much more efficient than the equivalent XPath
        expression using a string comparison predicate (cf. Kay2008, p. 802-804.).
        This helps reducing processing costs when dealing with larger SGF instances, however, the
        downside is that the validation of each XSD associated takes some time (approximately one to
        two seconds in our case). 

      Apart from XSD validation, embedded Schematron (Schematron) asserts
        are used as additional constraints, for example for refusing end positions of segments that
        are less than start positions (cf. Robertson2002). In the upcoming version
        1.1 of XML Schema, the assert element will be used for fulfilling this task
          (XMLSchema2008).

    
    
      Querying

      One of the goals during the development of SGF has been the possibility of analyzing the
        relationships between elements of different layers. In contrast to the work described by
          Alink2006 and Alink2006a, which involves new standoff
        XPath axis steps, or the linguistic query language LPath, which extends the XPath 1.0 syntax
        and which was introduced by Bird2006, SGF uses unchanged XML-related
        specifications for querying data. Up to now we have employed XSLT 2.0, XPath 2.0 and XQuery
        1.0 queries for typical tasks carried out in our project (cf. Application of SGF). Bird2006 and Dipper2007
        suggest different example queries to evaluate their architectures. By now, Q1
        ("Find all sentences that include the word 'kam'"), Q2 ("Find all
        sentences that do not include the word 'kam'"), Q3 ("Find all NPs. Return
        the reference to that NP") and Q7 ("Find all pairs of anaphors and direct
        antecedents in which the anaphor is a personal pronoun") described in Dipper2007 were implemented.
        [11]

        Figure 13, “XQuery Q7 adapted for the corpus under investigation” shows Q7 for our
        corpus.

      
declare boundary-space strip;
declare namespace base="http://www.text-technology.de/sekimo";
declare namespace doc="http://www.text-technology.de/sekimo/doc";
declare namespace cnx="http://www.text-technology.de/cnx";
declare namespace chs="http://www.text-technology.de/sekimo/chs";
declare variable $doc := "ling-deu-003-sgf-noWS.xml";
<resultset file="{$doc}">
{
let $d := doc($doc)
for $s in $d//chs:semRel/chs:cospecLink[id(@phorIDRef)/
id(@base:segment)/idref(@xml:id)/..[name()='cnx:token'
and @pos='PRON' and contains(@morpho,'Pers')]]
return
  <relation>
  {$s/@*}
  {<anapher>
    {$s/id(@phorIDRef)/id(@headRef)/data(@text)}
    </anapher>,
    <antecedent>
    {$s/id(@antecedentIDRefs)/id(@headRef)/data(@text)}
    </antecedent>}
  </relation>
}
</resultset>

      
Figure 13.XQuery Q7 adapted for the corpus under investigation
      In addition, we have implemented Q8 ("Find all pairs of anaphors and
        antecedents and their respective parent(s) on the logical document layer"), for
        which it is necessary for the XQuery processor to traverse back to the segments, compare
        several segment elements and then to find the corresponding annotations. Most
        of the queries perform comparable to the respective inline queries referred to in Dipper2007, but in general they are difficult to compare since our corpus (six
        German scientific articles and eight German newspaper articles, containing 3,084 sentences,
        56,203 tokens, 11,740 markables, 4,323 anaphoric relations, three annotation levels: logical
        document structure, POS, anaphoric relations) is different both in terms of size and
        annotation levels. Apart from Q7, most parts of the queries can be performed inline (which
        is a benefit of SGF over other architectures discussed in Graph-based architectures),
        which allows us to abstain from converting SGF instances to inline representation prior to
        analyzing the relations (which was one of the motivations in developing SGF) as proposed by
          Dipper2007.

      For a first evaluation we have chosen both the aforementioned complete corpus and our
        largest single text, a German scientific article comprising 157 paragraphs, 696 sentences,
        12,345 token, 2,550 markables and 1,358 anaphoric relations (14,985 segments in total),
        annotated on the three annotation levels described above. All values are average results
        after five executions on two different machines: 

          	
            PC1: a Sun Fire V20z equipped with dual single core AMD Opteron 248 clocked at 2,2
              GHz and 6 GB RAM running on Sun Solaris 10 (64bit) with Saxon-SA 9.0.0.1J on Java
              1.5.0_15 (2 GB RAM allocated for Java VM) and SWI-Prolog 5.6.21 (128 MB allocated as
              local stack limit).

          

          	
            PC2: a standard PC equipped with a Intel dual core Core2Duo E6600 clocked at 2,99
              GHz with 3.12 GB RAM running on Microsoft Windows XP SP3 (32bit) with Saxon-SA
              9.0.0.1J on Java 1.6.0_06 (1 GB RAM allocated for Java VM) and SWI-Prolog 5.6.57 (128
              MB allocated as local stack limit).

          

        
 Included in the XQuery results is the validation of five XSD files (-val parameter) and the output of an XML file (-o parameter) with a resultset root element and the
        corresponding query results underneath. For comparison, we evaluated the same queries for
        the Prolog fact base architecture used in the first project phase (cf. Prolog-based architectures) on the same two machines. For the latter the amount of time for
        consulting the Prolog fact base containing the annotated data (14.3 MB in size, 3.37 sec on
        PC1; 2.94 sec on PC2) and the Prolog query file (4.3 KB in size, 0.0 sec on both machines)
        is not included in the results. The query results are output to a separate text file.

      
        Table 1Evaluation results (in seconds). Average of five executions.


          
            	Query
            	Prolog query results for single text (PC1 / PC2)
            	XQuery results for single text (PC1 / PC2)
            	XQuery results for whole corpus (PC1 / PC2)
          

        
        
          
            	Q1
            	0.22 / 0.054
            	4.612 / 1.244
            	9.609 / 4.162
          

          
            	Q2
            	13.502 / 4.554
            	5.161 / 1.234
            	9.390 / 4.357
          

          
            	Q3
            	0.084 / 0.03
            	4.035 / 1.219
            	9.556 / 4.084
          

          
            	Q7
            	30.66 / 7.798
            	5.764 / 1.481
            	11.669 / 5.35
          

          
            	Q8
            	84.16 / 24.738
            	15.379 / 11.134
            	152.683 / 114.525
          

        
      



      Note that in contrast to the graph-based architectures described in Graph-based architectures, the XQueries and their evaluation results depend on the annotation
        layers that are imported into the SGF base layer. This means that especially Q1, Q2 and Q3
        are very fast because they can be performed inline in our corpus (i.e. both sentence and
        token information are descendants of the same annotation element - and the
        token element contains its textual content in its text attribute).
        For Q7, information derived from different annotation layers has to be taken into account,
        however, since only the id() function is used, the results are satisfactory as well. Q8 is
        the single XQuery that requires the identification of the respective segment
        element and the use of the idref() function afterwards in order to get the corresponding
        annotations. For these reasons, the advantage when using SGF over comparable architectures
        rises or drops depending on the imported annotation layers. To further reduce processing
        costs it is possible to use merged inline annotation layers (e.g. a logical document layer
        and a POS layer) as a combined, single SGF layer and use separate SGF layers only when
        overlaps occur. In this case the XML-inherent hierarchies can be used for (inline) analyzing
        of wide parts of the annotated data while a reversion to SGF's use of the ID/IDREF mechanism
        should only be made if not avoidable.

      The performance figures for the Prolog fact base format show higher performance for
        simple queries but lower performance for more complex ones. These figures result from the
        fact that our corpus annotation makes heavy use of attributes, which leads to distributed
        information. We believe that a re-implemented Prolog fact base format could both reduce file
        size and speed up the querying.

    
    
      Caveats and problems

      Up to now, several former inline annotation layers have been converted into SGF and the
        format as such is quite stable (although minor changes may occur). Apart from the huge
        amount of markup that is necessary to do this kind of analysis, problems may arise when the
        annotation layers that are stored in SGF are exported back into their original inline
        representation. This is especially true when the annotation layers contain empty elements,
        for which it is impossible to provide the exact position in the original document tree (of
        course the base:segment attribute can be used for these elements as well; when
        a large number of empty elements appears in a row, the values of all their respective
          base:segment attributes would be identical). Although our largest SGF
        instance is at 6 MB including optional whitespace segments (4.8 MB without optional
        whitespace segments), it is still smaller than the respective Prolog fact base
        representation at 14.3 MB, cf. Prolog-based architectures.

      When it comes to queries, SGF relies on the imported annotation layers. For this reason,
        there is no standard set of queries available and the execution time cannot be easily
        predicted.

    
  
  
    Application of SGF

    Various application domains require the analysis of different information resources in
      order to answer a specific question. Alink2006, Alink2006a, for example, describe the analysis of multiple markup in the domain of digital forensics.
      In our project, we focus on linguistic phenomena, especially on anaphora resolution. Anaphora
      occurs when the interpretation of a linguistic unit (the anaphor) is dependent on the
      interpretation of another element in the previous context (the antecedent). The anaphor is
      often an abbreviated or reformulated reference to its antecedent and thus provides for the
      progression of discourse topics and discourse coherence. Anaphoric relations can be
      categorized according different axes (cf. Mitkov2002 for an overview): Type
      of anaphora (pronoun, NP, adverb, etc.), type of antecedent (e.g. nominal vs. abstract entity)
      and type of relation. In this paper, we will focus on nominal anaphora with nominal
      antecedents only. According the relation type, anaphoric relations may either express
      reference identity between the anaphor and its antecedent (ex.1) or the
      respective expressions are related via associative links (ex.2).

    
      	
        I met a man yesterday. He told me a story.
          (example taken from Clark1977, p. 414)

      

      	
        I looked into the room. The ceiling was very high.
          (example taken from Clark1977, p. 415)

      

    

    In order to resolve anaphoric relations, different kinds of information have to be taken
      into account that are provided by different resources: POS tagger, Chunker, Parser, word net
      and ontologies. These resources provide information on gender or number agreement, noun
      phrases, grammatical function, lexico-semantic relations and domain or world knowledge. The
      resolution of the anaphoric relation given in ex.1 is dependent on agreement
      information of the pronoun he whereas the resolution of ex.2 requires the knowledge that a room typically has a ceiling which is
      provided in terminological nets such as WordNet (Fellbaum1998) or other ontological resources.[12]

    We apply SGF for the integration of different resources and access to these data. In terms
      of levels and layers, each resource provides information for a specific level and this
      information is stored in a respective layer: A POS tagger provides information on part of
      speech tags and respective markup is generated in the tool's output file whereas access to a
      word net provides information on semantic relatedness of words in terms of distance between
      word's synsets. This information has to be stored and accessed for the anaphora resolution
      process. Figure 14, “Application of multiple resources” exemplifies the integration: Each resource is applied
      and the resulting markup is stored independently from the primary data. On the basis of the
      information stored in SGF it is possible to query the data, to create new markup
      layers, or to create inline versions of the markup and the primary data.

    [image: Application of multiple resources]
          
        
Figure 14.Application of multiple resources
    
      Analysing annotations

      In the application domain of anaphora resolution, a raw text document is taken as input
        and annotation layers are created for different levels. All layers are converted to SGF and
        can be analyzed afterwards. For the task of anaphora resolution, a set of antecedent
        candidates is created for each anaphoric element via an XSLT script (cf. Figure 16, “Excerpt of the XSLT stylesheet used for extracting candidates”, an example candidate list is shown in Figure 17, “Candidate list extracted from the SGF instance”). The candidate list consists of several semRel elements each containing one
          anaphor element and several antecedentCandidate elements.
        Information on the relation type between anaphor and correct antecedent is stored as
        attribute information in the semRel element. The anaphor element
        describes properties of the anaphoric element whereas the antecedentCandidate elements describe
        information on the antecedent candidates. In both cases this information is stored in terms
        of attributes. Number or gender agreement can be computed from the morpho
        attribute. Additional information is given for
        part of speech (pos), grammatical function (syntax), dependency
        structure (dependHead), position of element in the whole document (position), the parent element on the logical document layer (docParent) as
        well as for the head noun both in surface form (text) and lemma
        (lemma). Together with other pieces of information a score for the most
        probable antecedent candidate can be computed (cf. Goecke2007 for a similar approach). For the
        anaphora resolution system each anaphor-candidate-pair is interpreted as a feature vector
        which is used for training a classifier. Information on the correct antecedent candidate is
        necessary in order to classify positive and negative training examples (cf. Soon2001, Strube2003, Yang2004).

      The annotated example sentence in Figure 15, “SGF instance of a German newspaper text (excerpt)” is an extract of a
        German newspaper article that is part of our corpus. The content of the text excerpt is as
        follows: 

      
          Lurup ist ein sozialer Brennpunkt der Hansestadt, ein Vorort mit Einzelhäusern, aber
            auch vielen Wohnblocks im Westen der Stadt.

        
 which is translated into: 

          Lurup is a social ghetto of the hanseatic city (Hansestadt), an outskirt with single
            unit houses but also many apartment blocks in the west of the city (Stadt).

        

      In Figure 15, “SGF instance of a German newspaper text (excerpt)” all levels that are used in the Sekimo project can be observed: the logical document structure (namespace
        prefix doc), the output of the commercial Parser/Tagger Machinese Syntax by Connexor Oy (namespace prefix cnx), the
        discourse entity level and the semantic relations level (namespace prefix chs).
        The segment seg1 delimits the whole text, while seg2 delimits a
        paragraph (containing a single sentence, cf. the doc:text and
        doc:para elements in the logical document layer and the
        cnx:sentece element in the cnx layer). The segments identified by
          seg1589 and seg1620 mark the two token (and respective discourse
        entities) "Hansestadt" and "Stadt". There is a
        cospecification relation (to be more specific: a hypernym relation) between these two
        discourse entities which is stored in the chs:cospecLink element located in the
          chs layer.

      <corpus xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
  xsi:schemaLocation="http://www.text-technology.de/sekimo root.xsd"
  xmlns="http://www.text-technology.de/sekimo"
  xmlns:base="http://www.text-technology.de/sekimo">
  <corpusData xml:id="c15" type="text">
  <primaryData start="0" end="8208" fileref="c15-pd.txt" xml:lang="de">
  <checksum algorithm="md5">6ee0021b23c56b5917703746579e9ce8</checksum>
    </primaryData>
    <segments>
      <segment xml:id="seg1" type="char" start="0" end="8207"/>
      <segment xml:id="seg2" type="char" start="0" end="16"/>
      <segment xml:id="seg1577" type="char" start="4439" end="4567"/>
      <segment xml:id="seg1578" type="char" start="4439" end="4444"/>
      <segment xml:id="seg1589" type="char" start="4473" end="4487"/>
      <segment xml:id="seg1592" type="char" start="4477" end="4487"/>
      <segment xml:id="seg1620" type="seg" segments="seg1621 seg1623"/>
      <segment xml:id="seg1621" type="char" start="4557" end="4560"/>
      <segment xml:id="seg1623" type="char" start="4561" end="4566"/>
      <-- [...] -->
    </segments>
    <annotation>
      <level xml:id="doc" priority="0">
        <meta><-- [...] --></meta>
        <layer xmlns:doc="http://www.text-technology.de/sekimo/doc"
          xsi:schemaLocation="http://www.text-technology.de/sekimo/doc doc.xsd">
          <doc:text base:segment="seg1" xml:lang="de">
            <doc:para base:segment="seg2" skip="no"/>
            <-- [...] -->
          </doc:text>
        </layer>
      </level>
    </annotation>
    <annotation>
      <level xml:id="cnx" priority="0">
        <meta><-- [...] --></meta>
        <layer xmlns:cnx="http://www.text-technology.de/cnx"
          xsi:schemaLocation="http://www.text-technology.de/cnx cnx.xsd">
          <-- [...] -->
          <cnx:sentence base:segment="seg1577" id="w826" auto="no">
            <-- [...] -->
            <cnx:token base:segment="seg1578" text="Lurup" dependHead="w828"
              pos="N" syntax="@NH" lemma="lurup" dependValue="subj" morpho="NOM"
              id="w827"/>
            <-- [...] -->
            <cnx:token base:segment="seg1592" text="Hansestadt" dependHead="w831"
              pos="N" syntax="@NH" lemma="hanse#stadt" dependValue="mod"
              morpho="FEM SG GEN" id="w833"/>
            <-- [...] -->
            <cnx:token base:segment="seg1621" text="der" dependHead="w848"
              pos="DET" syntax="@PREMOD" lemma="die" dependValue="det"
              morpho="Def FEM SG GEN" id="w847"/>
            <cnx:token base:segment="seg1623" text="Stadt" dependHead="w846"
              pos="N" syntax="@NH" lemma="stadt" dependValue="mod"
              morpho="FEM SG GEN" id="w848"/>
          </cnx:sentence>
          <-- [...] -->
        </layer>
      </level>
    </annotation>
    <annotation>
      <level xml:id="de" priority="1">
        <meta><-- [...] --></meta>
        <layer xmlns:chs="http://www.text-technology.de/sekimo/chs"
          xsi:schemaLocation="http://www.text-technology.de/sekimo/chs chs.xsd">
          <-- [...] -->
          <chs:de base:segment="seg1589" deID="de226" headRef="w833" />
          <chs:de base:segment="seg1620" deID="de231" headRef="w848" deType="nom"/>
          <-- [...] -->
        </layer>
      </level>
      <level xml:id="chs" priority="1">
        <meta><-- [...] --></meta>
        <layer xmlns:chs="http://www.text-technology.de/sekimo/chs"
          xsi:schemaLocation="http://www.text-technology.de/sekimo/chs
          chs.xsd">
          <chs:semRel>
            <-- [...] -->
            <chs:cospecLink id="sr86" relType="hypernym" phorIDRef="de231"
              antecedentIDRefs="de226"/>
            <-- [...] -->
          </chs:semRel>
        </layer>
      </level>
    </annotation>
  </corpusData>
</corpus>

      
Figure 15.SGF instance of a German newspaper text (excerpt)
      Apart from resources that have already been mentioned, further information is needed in
        order to create a suitable set of antecedent candidates for training and resolution. In
        general, a fixed search window in terms of markables (i.e. elements between which anaphoric
        relations can hold), sentences or paragraphs is chosen. This approach works well for pronoun
        anaphora due to the fact that pronouns tend to find their antecedents within a short
        distance (cf. Mitkov2002). However, for the resolution of non-pronominal
        definite noun phrases (definite descriptions) and the processing of long texts the
        application of a fixed search window is not feasible because definite descriptions tend to
        find their antecedents at a greater distance than pronouns. For the corpus under
        investigation that has been manually annotated for anaphoric relations (cf. Diewald2008 for further information regarding the corpus and the annotation
        scheme), 26.8% of all non-pronominal anaphors (i.e. 20.9% of all anaphors in the corpus)
        find their antecedent at a distance of two or more paragraphs. We apply structural
        information to create candidate sets that include not only candidates at a short distance
        but also those at a larger distance. A small excerpt of the XSLT stylesheet that is used for
        the extraction is shown in Figure 16, “Excerpt of the XSLT stylesheet used for extracting candidates”. 

      <xsl:stylesheet xmlns:xsl="http://www.w3.org/1999/XSL/Transform" version="2.0"
  xmlns="http://www.text-technology.de/sekimo"
  xmlns:base="http://www.text-technology.de/sekimo"
  xmlns:doc="http://www.text-technology.de/sekimo/doc"
  xmlns:cnx="http://www.text-technology.de/cnx"
  xmlns:chs="http://www.text-technology.de/sekimo/chs">
  <-- [...] -->
  <xsl:template match="chs:bridgingLink | chs:cospecLink">
    <xsl:variable name="link" select="."/>
    <semRel>
      <xsl:attribute name="relationID" select="@id"/>
      <xsl:attribute name="type" select="local-name()"/>
      <xsl:for-each select="id(@phorIDRef)">
        <xsl:variable name="anaphoraPosition">
          <xsl:number level="single"/>
        </xsl:variable>
        <-- [...] -->
        <anaphor>
          <-- [...] -->
          <xsl:copy-of select="idref(id(@base:segment))[name()='cnx:token']/@*"/>
          <xsl:variable name="segstart" select="id(@base:segment)/@start"/>
          <xsl:variable name="segend" select="id(@base:segment)/@end"/>
          <xsl:for-each select="//element()[contains(name(),'doc')]">
            <xsl:if test="id(@base:segment)/@start <= $segstart and
            id(@base:segment)/@end >= $segend">
              <xsl:attribute name="docParent">
                <xsl:value-of select="name()"/>
                <xsl:text>[</xsl:text>
                <xsl:number level="single"/>
                <xsl:text>]</xsl:text>
              </xsl:attribute>
            </xsl:if>
          </xsl:for-each>
        </anaphor>
        <xsl:for-each select="preceding-sibling::chs:de[position() <= $de_distance]">
          <xsl:variable name="antecedentPosition">
            <xsl:number level="single"/>
          </xsl:variable>
          <antecedentCandidate>
            <-- [...] -->
          </antecedentCandidate>
        </xsl:for-each>
      </xsl:for-each>
    </semRel>
  </xsl:template>
</xsl:stylesheet>

      
Figure 16.Excerpt of the XSLT stylesheet used for extracting candidates
      Because the segment element is the central and critical mechanism in SGF
        (cf. Figure 11, “Use of XML's ID/IREF(S) mechanism in SGF”) we have to use the id() and idref() XPath functions to
        analyze elements derived from different annotation layers. Figure 17, “Candidate list extracted from the SGF instance”
        shows a result candidate list, extracted with a maximum distance of 10 discourse entities.

      <candidateList xmlns="http://www.text-technology.de/sekimo"
  xmlns:base="http://www.text-technology.de/sekimo"
  maxDeDistance="10" filename="c15-sgf.xml">
  <-- [...] -->
  <semRel relationID="sr86" type="cospecLink" subtype="hyperonym" phorIDRef="de231"
    antecedentIDRefs="de226">
    <anaphor base:segment="seg1623" deID="de231" headRef="w848" deType="nom"
      text="Stadt" dependHead="w846" pos="N" syntax="@NH" lemma="stadt"
      dependValue="mod" morpho="FEM SG GEN" id="w848" position="195" type="char"
      start="4557" end="4566" docParent="doc:para[13]"/>
    <antecedentCandidate base:segment="seg1560" deID="de221" headRef="w815"
      deType="nom" text="Kind" pos="N" syntax="@NH" lemma="kind"
      morpho="NEU SG NOM" id="w815" position="185" deDistance="10" type="char"
      start="4375" end="4403" docParent="doc:para[12]"/>
    <-- [...] -->
    <antecedentCandidate base:segment="seg1587" deID="de225" headRef="w831"
      deType="nom" text="Brennpunkt" dependHead="w828" pos="N" syntax="@NH"
      lemma="brenn#punkt" dependValue="comp" morpho="MSC SG NOM" id="w831"
      position="189" deDistance="6" type="char" start="4449" end="4472"
      docParent="doc:para[13]"/>
    <antecedentCandidate correctAntecendent="yes" base:segment="seg1592"
      deID="de226" headRef="w833" deType="nom" text="Hansestadt" dependHead="w831"
      pos="N" syntax="@NH" lemma="hanse#stadt" dependValue="mod"
      morpho="FEM SG GEN" id="w833" position="190" deDistance="5"
      type="char" start="4473" end="4487" docParent="doc:para[13]"/>
    <antecedentCandidate base:segment="seg1598" deID="de227" headRef="w836"
      deType="nom" text="Vorort" pos="N" syntax="@NH" lemma="vorort"
      morpho="MSC SG NOM" id="w836" position="191" deDistance="4" type="char"
      start="4489" end="4499" docParent="doc:para[13]"/>
    <antecedentCandidate base:segment="seg1602" deID="de228" headRef="w838"
      deType="nom" text="Einzelhäusern" dependHead="w836" pos="N" syntax="@NH"
      lemma="einzelhaus" dependValue="mod" morpho="NEU PL DAT" id="w838"
      position="192" deDistance="3" type="char" start="4504" end="4517"
      docParent="doc:para[13]"/>
    <-- [...] -->
  </semRel>
</candidateList>

      
Figure 17.Candidate list extracted from the SGF instance
      For all antecedentCandidate elements (i.e. former chs:de
        elements) position and deDistance attributes have been added.
        Apart from the discourse structure that is used to model accessibility of antecedent
        candidates (cf. Polanyi1988), the logical document structure provides
        information on the hierarchical structure of texts by describing
        the organisation of the text document in terms of chapters, sections, paragraphs, and the
        like and is stored in the doc layer of the SGF instance.[13] Based on this information which can be accessed from DocBook, OpenDocument, or
        LaTeX, a layout-oriented presentation can be generated which is application independent.
        Especially for texts from e-publishing sources a set of logical document structure elements
        is easily available which can be used to identify different text segments. The influence of
        the logical document structure on the choice of an antecedent might be either (a) a direct
        influence on the markables (or antecedent life span) or (b) an influence on the search
        window (cf. Goecke2006). In our candidate list shown in Figure 17, “Candidate list extracted from the SGF instance” the docParent attribute supplies information about
        the (virtual) parent element of the logical document layer, i.e. the element of the logical
        document layer that refers to a segment whose start position is lower or equal and whose end
        position is greater or equal to that of the segment referred to by the element analyzed. 

      Regarding the document structure, corpus evidence shows that some discourse entities are
        more prominent throughout the whole document than others, e.g. markables occurring in the
        abstract of a text might be accessible during the whole text whereas markables that occur in
        a footnote-structure are less likely as an antecedent for anaphoric elements in the main
        text. Corpus evidence shows that in a corpus consisting of 4323 anaphoric relations 65.3% of
        all anaphor-antecedent-pairs are located in the same segment. Regarding the remaining
        anaphor-antecedent-pairs, we expect markables described in hierarchically higher elements
        (e.g. subsection) to be much more prone to finding their antecedents in structuring elements of a
        higher level (section) than in a preceding but hierarchically lower segment
        (subsubsection). Thus, the influence on the search window may either enlarge the search
        window, i.e. the antecedent may be located outside the standard window (e.g. located in the
        whole paragraph or in a preceding one), or may narrow the search window, e.g. due to the
        start of a new chapter or section. Furthermore, the position of an antecedent candidate
        within a paragraph gives hints as to how likely that candidate is chosen as the correct one.
        An analysis of our corpus data shows that 50.2% of the antecedents are located
        paragraph-initial and 29.1% are located paragraph-final whereas only 20.2% are located in
        the middle of the paragraph. Thus in addition to the information regarding the search
        window, information on logical document structure might give cues for selecting the correct
        antecedent from a set of candidates.

    
    
      SGF as import and export format

      While the main reason for the development of SGF was analyzing relations between
        elements derived from different annotations (cf. Application of SGF), the
        format is used in a another application in our project. The Serengeti web-based annotation tool described in Stührenberg2007 is currently enhanced to support different annotation schemes. This upcoming version of
        Serengeti will be used not only at Bielefeld University but also as an expert annotation
        tool in the AnaWiki project (cf. Poesio2008) and will use SGF as its import and export format. For this reason, an SGF API (written
        in Perl) was implemented that allows the mapping of SGF to the relational MySQL database
        that is used as a backend for Serengeti.

      During this development a log functionality was added to SGF ensuring that the
        information of added, deleted or modified data is not only stored in the Serengeti
        application but can be included in the exported SGF instance. A log can be
        stored as child element of an annotation level and contains at least one log
        entry, consisting of optional metadata and one or more action
        elements. The user responsible for the log entry is identified via a respective attribute,
        together with the time the entry was made (timestamp attribute). Each action is
        specified by its type attribute (add,
          delete, modify) and
        refers to the affected elements via an optional IDREF affectedItem attribute
        (not when the type attribute's value is set to add). The content of an action element is a sequence of elements
        from any namespace (otherwise modification of segments would not be possible), however, XML
        Schema's processContents attribute is set to skip, therefore, it is possible to use the same IDs several times (e.g. when
        modifying a segment element).

      In addition, an SGF application for storing lexical chains was developed. SGF-LC, a lightweight XSD that is imported into the SGF base layer
        and that makes use of the attributes provided by the base layer is described in Waltinger2008 and is used as export format for the Scientific Workplace tool[14] developed by the project A4 (Indogram) of our
        Research Group.

    
  
  
    Conclusion and outlook

    In this paper we presented the Sekimo Generic Format (SGF) as an alternative approach for
      storing multiple annotated data amongst a variety of already established architectures and
      formats. SGF is used as an XML-based solution for storing and especially analyzing a corpus of
      multiple annotated documents (multi-rooted trees) in the linguistic application domain of
      anaphora resolution. Future work regarding our linguistic task of anaphora resolution focuses
      on the analysis of relations between logical document structure and the distribution of
      antecedent detection. On the technical side, we will adapt SGF to the upcoming version 1.1 of
      XML Schema, which includes assertions similar to the Schematron asserts used in the current
      version of SGF. Other possible developments include the implementation of converter scripts
      between SGF and some of the graph-based architectures mentioned and the further testing of the
      efficiency of SGF in large scale corpora using a wider set of sample queries.
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    Introduction

    
      This paper follows up from an initial note drafted by Andrew
      Townley as a result of discussions held during Pensive's
      research and developer boot camp held in Vienna in July
      2007. The two most important themes discussed were the role and
      capture of context within a specific topic
      map[1], and how the Topic Maps paradigm -
      specifically the XTM specification - would allow the linking and
      efficient use of Topic Maps deployed on a massive scale, such as
      the Internet, to support extremely large-scale
      information sharing. These two subjects initially
      seemed separate concerns, however, upon reflection and further
      discussion, it was clear that they are intertwined. Since July,
      further research and investigation have been done into these
      subjects.
    

    
      In the following we will present a summary of both the initial
      questions raised in Vienna and why they are important as well as
      the state of our current thinking on these two issues.
    

    
      We start with some initial thoughts regarding the importance of
      issues related to context in large-scale Topic Maps
      applications, along with some of the key questions that arose
      during our discussions. These questions will then be addressed
      in more detail in the following sections.
    

    
      The goal of this paper is to put forward some ideas in a broader
      forum and elicit feedback and alternative perspectives. It is
      possible that these ideas have already been discussed elsewhere,
      and we are simply not aware of any consensus previously reached
      regarding them. Hopefully, this paper will help to clarify some
      of these issues and lead towards practical solutions.
    

    
      Large Scale Information Sharing

      
	Large-scale and even global information sharing has become a
	major challenge to the world's governments, both internally
	and internationally. Poor responses of emergency services in
	the wake of the 9/11 and Katrina disasters have made
	information sharing a priority for the U.S. Government
	[GAO385, DODIS07], and
	as the single largest purchaser of information technology
	services in the world (US$ 65 billion proposed for FY2008
	budget [OMBAP08]), it is expected that the
	U.S. Federal Government will require management of vast
	quantities of information and interoperability across an
	extremely diverse set of technology platforms.
      

      
	We were interested in the applicability of the ISO 13250 Topic
	Maps standard to this and similar problems, a discussion which
	threw up a key question: To what extent is Topic Maps
	applicable in large-scale information sharing environments
	such as the Internet? Indeed, does it scale? Furthermore, what
	specific commercial opportunities exist for technology vendors
	in large-scale information sharing environments? And finally,
	which technologies support large-scale information sharing?
      

    
    
      Scope and Context

      
	Scope allows multiple views on a particular topic map as well
	as the filtering and adapting of information contained in a
	topic map based on the needs of the user [PEPP00,
	PEPP02, PARK03].
      

      
	Hence the Topic Maps specifications [ISOTM,
	XTM, TMDM] provide a
	mechanism in the scope construct for
	representing the idea of context. Accordingly the purpose of
	scope is to represent "the context within which a statement is
	valid. Outside the context represented by the scope, the
	statement is not known to be valid. Formally, a scope is
	composed of a set of topics that together define the
	context. That is, the statement is known to be valid only in
	contexts where all the subjects in the scope apply"
	[TMDM].[2]
      

      
	Related questions that have been discussed were:
	

	  	How best to capture context information for
	  various uses within a topic map?


	  	How to filter information in a topic map -
	  including access control to users, in both role-based and
	  mandatory access control models How to dynamically expand
	  and narrow the user's view of the topic map during general
	  exploratory navigation?


	  	How to capture changes or additions to
	  context information after the initial topic map was created?
	  Are these changes new context that needs to be
	  captured?


	

      
	And concerning general modelling questions:
	

	  	Which ontological constructs are best
	  deployed for complex descriptions of context using many
	  topics to define a scope?  


	  	Should they be declared as a single topic
	  which defines an instance of a bag data
	  type, or should they simply enumerate the individual
	  topics?


	

      
	Furthermore the discussion explored the question of how one
	might represent context using associations rather than the
	scope construct, as it seemed potentially to be more dynamic
	and adaptable than what is syntactically allowed by [XTM]. In discussing a topic map's ability to
	capture context explicitly enough to be useful outside a small
	community using either approach, the discussion naturally
	gravitated to the question of what exactly is meant by
	"context".
      

    
    
      What Is Context

      
        Context is one of those concepts that most people feel is
        essential to understanding something, but which sparks great
        debate when one attempts to define it. The main issue in the
        scientific and technical communities revolves around whether
        context should be regarded as subjective or objective [MENZ99]. Once a decision is made regarding one's
        view on context, there is the question of how to represent it
        computationally.
      

      
        Subjective context is what most people
        understand context to be. It is experiential in nature and
        includes the total of meanings (ideas, assumptions,
        preconceptions and associations) that are related to a thing
        or event and which serve to influence our attitudes,
        judgements, perspectives, and general knowledge of something
        [AKMA00]. While Menzel argues that
        subjective context always implies an "outer context" which
        exists outside any given context, recursively, that enables
        individuals or intelligent agents to adopt a broader
        perspective to reason about the original context, Bohm's
        theory supports the idea that context and those perceiving it are
        part of a unified whole in much the same way as the observer
        and the observed are related in relativity theory and quantum
        theory [BOHM80].
      

      
        The ability to leverage separate views of a given situation is
        often useful or indeed necessary, but we need to be aware that
        these separations are not necessarily accurate or complete
        reflections of reality. They must be seen as simply a useful
        mechanism in a particular domain or situation to aid in
        understanding it.
      

      
        Objective context, interpreted as
        "outside the skull of any reasoning
        individual", is much more directly related to the works of
        Barwise, Perry, Seligman and Devlin on Situation Theory and
        Information Flow Theory [MENZ99]. The focus
        of the objective context is the setting in which the objects
        and available information reside and also encompasses the
        relationships between them. The focus of Menzel's work [MENZ99] is to define a logic for reasoning within
        objective contexts such that a given statement is true in the
        portion of the real world described by a particular situation
        rather than deal with the complexity of the perceptions and
        assumptions involved in how the participants view a given
        interaction. In order to achieve this, it is necessary to
        create a definition of context which exists outside these
        subjective perceptions and which will remain invariant for all
        the participants.
      

      
        Clearly, both definitions of context are attempting to capture
        information about the environment in which an interaction
        takes place in order that some level of shared understanding
        between the participants be established. However, there is a
        considerable difference in the types of information that would
        be included in each definition. Before determining which
        perspective would be the most useful in terms of sharing
        information and knowledge with the Topic Maps standard, it is
        necessary to consider what the goals really are of including
        contextual information in specific topic maps.
      

    
    
      Context, Fragmentation and Communication

      
	By any account, context is an essential part of successful
	communication. In practice, it determines how much information
	must be explicitly stated between the participants and how
	much information is shared between the participants. Akman
	provides the example of late arrival to a meeting [AKMA00]. In order for the person to understand
	and effectively participate in the ongoing discussion, they
	must establish some of the background on what has already
	happened during the meeting.
      

      
	Establishing an objective context would attempt to capture the
	situation of the meeting, independently of the attitudes,
	beliefs and motivations of the participants because the goal
	of the objective context is to establish "complex, structured
	pieces of the world" [MENZ99]. It is
	essentially the view that an objective outside observer might
	have of the situation. For example, some of the following
	information would likely be aspects of the objective context:
	

	  	The names, roles and positions of the meeting participants


	  	The location of the meeting


	  	The materials provided for and present in the meeting


	  	Any notes or diagrams made during the meeting


	  	The time of day of the meeting


	  	The event that one participant arrived late and needed to be "brought up to speed"


	  	The minutes of the meeting capturing the topics discussed


	  	What was said, by whom and how


	  	Any outcomes of the meeting


	  	Any references to any other contexts (situations) mentioned during the meeting


	

      
      In respect to the classic journalistic Five
      W's[3],
      a truly objective observer attempting to capture an objective
      context would establish each of the "who", "what", "where",
      "when" and "how", but would be unable to capture any meaningful
      understanding of the "why" beyond any surface remarks made
      during the meeting, e.g. "We are here today to finalize the
      implementation plan for Project X". While this may make any
      given context more easily suited to use by autonomous agents and
      deductive reasoning, it may not accurately reflect the complete
      reality of the situation.
      

      
        Therefore, the real question is how accurately one wants to
        capture "reality" in a particular context. Akman cites several
        examples where the actions and behaviour in a particular
        situation reflect the dramatically different views of reality
        held by the participants [AKMA00]. Attempting to understand these interactions from an
        objective perspective would likely result in confusing and
        conflicting interpretations, with the person trying to
        understand the situation asking themselves, "now, why did they
        do that?". Searching for the answer to that particular
        question would truly result in insights and new knowledge for
        the person who asked it.
      

      
        In contrast, establishing the subjective context of the same
        meeting would involve some level of understanding the
        participant's mental models. An
        individual's mental model include all of their experiences,
        beliefs and assumptions about the world. Mental models are
        important to establishing subjective contexts because they
        both reflect and shape an individual's understanding of
        reality [SENG90],
        i.e. their concepts of what is true and
        what is not. For the above meeting, knowing the motivations,
        intents and attitudes of the participants may dramatically
        alter one's understanding of actions taken and information
        disclosed during the meeting. This information provides the
        answers to the "why" question seemingly ignored by the
        objective context.
      

      
        Menzel's assertion that subjective context correlates to
        logical theories made up of sets of propositions [MENZ99] exactly echoes Bohm's earlier theory on
        fragmentation, itself developed as a way to explain some of
        the inconsistencies he found in relativity theory and quantum
        theory. According to Bohm, fragmentation
        is a result of holding to a theory or set of propositions as
        being a true reflection of reality rather than viewing it as
        insights into a given domain and "which are neither true nor
        false but, rather, clear in certain domains, and unclear when
        extended beyond these domains" [BOHM80]. These insights are shaped by our mental models, and must
        therefore be subjective. According to Bohm, the true reality
        can never be grasped explicitly; it is an implicit whole that
        is exposed through each subjective context. Recognition of
        context as subjective is a key to greater understanding of a
        particular domain, because it is the interactions and
        boundaries of existing contexts that provide new insights of
        understanding into a particular domain.
      

      
        It would therefore seem that the subjective interpretation
	  of context cannot be ignored. Topic maps are a communications medium
	  to encapsulate and convey information,
        understanding and knowledge about a particular domain. They
        are ultimately created by humans - whether directly authored
        by people or created automatically by software created by
        people - and therefore reflect a subjective view of that
        domain shaped by the implicit factors inherent in any form of
        communication. This means that they will be vulnerable to many
        contextual ambiguities "born out of a misplaced belief on the
        part of the author that the reader has access to the author's
        collective dimension" [AKMA00].
      

      
        This vulnerability is potentially problematic because of the
        merging process defined by the Topic Maps specification:
        unlike a document or other work created with a particular
        intention and with assumptions about context shared between
        author and readership, information in a specific topic map can
        find itself far outside the context the original author had in
        mind. Consequently, any implicit or shared context will be
        lost. Since context is so critical to effective communication,
        determining how to best capture it is also critical to
        creating effective Topic Maps.[4]
      

      
        It may well be that there are two, arguably conflicting, views
        on the role of topic maps. Is a specific topic map intended as
        something to be studied for greater understanding of a given
        domain, or is it intended to capture a body of information to
        support ad-hoc queries to answer questions about a
        domain—limited only to the information at hand? How this
        question is answered may have significant implications for the
        type of information and manner used in expressing context
        within the instance.
      

      
        In the first case, the goal is to engage users so that they
        become active participants in the topic map. In this case, the
        information in the specific topic map would act similarly to
        the text in Paul Auster's literature and become "'a
        springboard for the imagination'" [AKMA00]. The intended use for the topic map is to help the user
        understand something new about the topic map's domain. Knowing
        as much as possible about the domain-view of those capturing
        the information and relationships - including the ontology -
        of the topic map will greatly enhance the process of
        cross-domain information sharing. In this respect, support
        for a more subjective interpretation of context would be
        valuable.
      

      
        If, in the second case, the goal of the topic map is
        essentially to be a sophisticated, multi-dimensional database
        that is able to respond to queries over its contents, then the
        level of contextual information captured may not need to be as
        great, as indicated above. Its goal is not to support deep
        analysis of a domain, but rather to provide, initially at
        least, more superficial views of the domain by offering
        answers to operational needs. Further analysis of the
        responses may prompt a deeper exploration of the information
        within the domain of the topic map, but
        it is not likely to prompt deeper reasoning
        about the domain[5]. Therefore, it may be more
        reasonable to assume a more objective interpretation of
        context for this second scenario.
      

	
		In concluding this section, it is worth noting that many of these issues
		are not the exclusive prerogative of the Topic Maps standard.

    
    
      Context and Ontologies

      
	Following Bohm's view that there can never be an explicit view
	of reality as it is and that anyone's individual or shared
	world-view of reality is simply one way or view of the
	implicit whole, ontologies must essentially define the
	boundaries of a particular "domain view", but can never
	represent that domain as the one, true representation. This
	view - sometimes referred to as the "information territory" -
	would seem to confirm that any search for a unifying, fixed
	upper ontology is necessarily futile. From Bohm's viewpoint,
	it may be possible to define a more unified view of the world
	which treats previous views as specializations of the new
	unified view (e.g. Newtonian physics vs. quantum theory), but
	which will still have essential differences and distinctions
	from other views of the same domain [BOHM80]. It does not imply that this new insight is final,
	however.
      

      
        In this respect, working with Topic Maps benefits from the fact that thestandard
	  does not require content within a particular topic map to conform to
        a fixed ontology. Any ontology used is merely a
        guideline. Therefore, it would seem that Topic Maps has
        potentially the greatest chance of being useful ways of
        capturing knowledge without falling prey to Bohm's theory of
        fragmentation. In his words, "to be confused about what is
        different and what is not, is to be confused about everything"
        [BOHM80]. The flexibility of Topic Maps
        would tend to allow someone with an awareness of fragmentation
        to be able to view a particular domain and explore the
        relationships not only between the topics and their
        occurrences, but also between the different, fragmentary views
        captured in multiple ontologies. Taken as a device to reason
        about a particular domain, this could be
        an extremely useful feature of the Topic Maps specification.
      

      
        In a scenario where an ontology is used to define context, it
        becomes critically important to identify the boundaries or
        context in which a particular ontology applies vs. any other
        ontology. While this may be straightforward enough when using
        explicit ontologies, it will obviously prove to be more of a
        challenge for topic maps using implicit ontologies. In the
        same way that every software system has an architecture,
        explicit or not, so too does every topic map have an
        ontology.
      

    
    
      Context Representation

      
	While the two mechanisms for representing context defined by
	the Topic Map specifications have been discussed above, there
	has also been considerable work done in the domain of
	Situation Theory in attempting to define a mechanism for
	representing context computationally [TIN94,
        AKMA00, MENZ99].
        Much of that work includes, directly or indirectly,
	the concept of an infon,
        a basic unit of
	information [DEVL92], as a way to represent
	context. One of these systems, BABY-SIT, uses the infon
	directly as a primitive system object to capture the
	definition of a situation, or, in parameterized form, a set of
	possible situations [TIN94]. The motivation
	for BABY-SIT was to create a system for the development and
	testing of programs based on a situation theory framework
	within the domains of linguistics and artificial intelligence.
      

      
        One of the differences between scope in Topic Maps and infons
        as used by BABY-SIT is that BABY-SIT infons consist of a
        relation, one or more objects corresponding to a role in the
        relationship and a polarity. In this way, they define a
        context (situation) that can be used as a primitive object to
        determine relevance of other relationships and situations
        within the system. While a similar notion could possibly be
        expressed as a Topic Map query, this construct does not seem
        sufficiently rich with which to represent context within a
        specific topic map. However, it could potentially be used as a
        primitive construct within a Topic Map query. It is also not
        clear what implications the introduction of a new context
        representational form may have for existing topic maps.
      

    
  
  
    Information Sharing

    
      The U.S. Department of Defense (DoD) defines
      information sharing as "'making information
      available to participants (people, processes or systems).'
      Information sharing includes the cultural, managerial and
      technical behaviors by which one participant leverages
      information held or created by another participant" [DODIS07]. The DoD's specific requirements defined
      by their information sharing strategy also include "the ability
      to transfer information to and obtain information from external
      partners overcoming situations where these partners may have
      disparate processes and capabilities and whose role and nature
      may not be known prior to an event" [DODIS07]. While the definition and requirements originate with the
      DoD, they serve to provide a basis for more generalized thinking
      on the subject outside the boundaries of the U.S. or the DoD.
    

    
      The promise of knowledge management is to allow an organization
      to employ its collective intelligence to accomplish its
      strategic objectives [BARQ01]. This
      collective intelligence is a combination of the organization's
      knowledge and
      information, where knowledge is
      "understanding gained through experience, observation, or study"
      [BARQ01] and information is "data that have
      been arranged in meaningful patterns" [BARQ01]. Knowledge Organization, a method for elaborating knowledge
      structures intended to better facilitate user groups in
      accomplishing their work, and Knowledge Representation, the
      methods used to encode information into knowledge structures,
      are two important aspects of knowledge management where Topic
      Maps is particularly applicable [PARK03]. Based on examples of use in knowledge management, it would
      seem that the Topic Map standard could also be useful in
      enabling information sharing within any environment with
      requirements similar to the DoD, as the goals of information
      sharing seem to be closely related to the intent of knowledge
      management.
    

    
      A Problem of Scale & Centralization

      
	In attempting to examine how the Topic Maps standard could be
	used to enable information sharing, one of the first questions
	is how best to address the cross-organizational requirements
	inherent in information sharing scenarios. In contrast to most
	knowledge management environments which, by definition, are
	designed to enable an organization to accomplish its own
	strategic objectives, the information sharing environment
	extends outside organizational boundaries and interfaces with
	external partners in a dynamic manner. The phrase "from
	external partners...whose role and nature may not be known
	prior to an event" in the DoD definition is extremely
	important, because it implies that an organization may not
	know with whom it will be needing to exchange information
	before it needs it. In this type of environment, it is not
	possible to operate a static system under centralized control.
      

      
	Unfortunately, most implementations of the Topic Maps standard
	use it, or XTM, as a means for information exchange between
	proprietary systems that are relatively monolithic and
	centralized in nature. Information exchanged, using particular
	topic maps, is integrated into the proprietary system, and
	that information is accessed either via proprietary APIs,
	languages or tools that are not generally directly
	interoperable with other topic map implementations. It is
	worth mentioning the TMAPI effort [TMAPI]
	in this respect, however since it is an API, it is specific to
	the implementation language - in this case Java - and while it
	will provide portability across compliant applications, it
	does not provide interoperability with other compliant
	applications (see [TOWN05] for a more
	technical discussion of the differences between
	interoperability and portability, specifically relating to
	reliable messaging).
      

      
	The problems with this scenario are that in order to allow a
	user or application to interact with a topic map, that topic
	map must be managed by the implementation's software, and it
	can only be used by that implementation's tools. Most Topic
	Maps tools are designed to be part of a closed system provided
	by a single source, and assume that management of all topic
	map information will be ultimately centralized. Not
	surprisingly, this approach introduces some potential issues
	relating to scalability and data ownership in an information
	sharing scenario as, according to Annex F.5 of the XTM
	specification, every topic and association in any remotely
	referenced topic map is added to the local topic map,
	triggering additional merging and duplicate suppression [XTM].
      

      
	In many ways, Topic Maps implementations share characteristics
	of hypermedia systems of the 1980's in that they are closed
	environments, and they ultimately assume ownership of the
	content they manage. This issue was one of the main reasons
	cited by Berners-Lee in writing the software that led to the
	birth of the World-Wide Web [WRIG01]. It
	would seem that the same issues could prevent Topic Maps from
	directly addressing the large-scale information sharing
	problem - even across a small number of organizations, let
	alone on the scale of the Internet.
      

      
	In an information sharing scenario, decentralized control over
	the information is a necessity. Information exchange between
	two organizations will mean that both organizations will need
	to have a shared representation of that information at a
	specific point in time, but that representation must
	ultimately remain under the control of the originating
	organization. It cannot be subsumed into a merged topic map as
	an understanding of the way the world is. It can only be
	understood by the consumers of that information that it was
	valid when it was accessed, and it may not express the same
	information if accessed again. This highly decentralized model
	is already present in the World-Wide Web, and is "a key aspect
	of the Web's success" [BERN06].
      

      
	Clearly, one of the other key aspects of the Web's success is
	the underlying architecture, Representational State
	Transfer (REST), which is designed to support
	operation and deployment on Internet-scale. Specifically, this
	includes the ideas of anarchic
	scalability, to address the needs for the
	architecture to continue operating under unanticipated load
	and malformed or maliciously constructed data, and
	independent deployment to facilitate
	"gradual and fragmented change" as the underlying hardware and
	software architectures evolve [FIEL00]. Much of these capabilities are achieved through the open
	standardization of HTTP, HTML and the URI
	specifications. Without such a stable foundational core, the
	Web would not be able to support independent evolution, and
	interoperability between software and hardware platforms we
	often take for granted today.
      

      
	Such a stable platform for interoperability does not yet exist
	for topic maps. However, many lessons from the Web could
	likely be successfully applied to the existing specifications
	in order to allow them to meet the needs of large-scale
	information sharing, including better cross-domain navigation, explicit information asset ownership,
	managed access control of those information assets, building netwroks and communities of interest.
	Such an environment could potentially
	create "Topic Webs" within a global information space using
	hypermedia constructs that were the aggregate of information
	sources supplied by many different organizations and
	leveraging the highly decentralized model so successful in the
	Web. Thus, navigation within the map would be handled
	uniformly through the use of hypermedia links and standardized
	XML vocabularies leveraging the underlying transfer protocols
	such as HTTP or its potentially forthcoming successor,
	Waka[6]
	and the views of any given map would be controlled by its
	publisher, based on the user's context of access, including
	the topic map's authorization and identity assertions.
      

    
    
      Revisiting the Context Problem

      
	When extending the Topic Maps model to information sharing
	scenarios, adequate capture and representation of context
	becomes even more important. Not only will the overall
	information space be much more volatile, the potential
	cultural and sociological backgrounds of those using the topic
	maps are likely to be much more diverse than many Topic Maps
	applications today.
      

      
	In an information sharing scenario, there are at least three
	different types of context that will be involved in any
	interaction. Three types of context are present in any
	interaction with a particular topic map, and it will be even
	more important to explicitly capture these in
	information-sharing scenarios. They are:
	

	  	The context in which the instance was authored,


	  	The context in which the instance is published, and


	  	The context in which the instance is accessed.


	

	
	This could be achieved by ensuring that the specific
	context, as represented in Topic Maps by a "scope bundle", can itself
	be reified as a distinct subject and thus be represented as a distinct topic.
	The Topic Maps Reference Model [TMRM]
	certainly points in this direction. Such an approach however
	brings with it potentially enormous scalability issues, given the number
	and complexity of such scope bundles and the additional danger of possible
	recursive contextualization.
	

      
	In each of the above three steps, authoring, publishing and
	access, there is the potential for misinterpretation of the
	relationships within the topic map, because each relationship
	represents a potential loss of some of the implicit context
	which contributed to the topic map. However, as the audience gets wider
	a counter phenomenon is likely to kick in and help regain some
	balance - that of the "wisdom of crowds": or more precisely, the
	wisdom of groups, as it is more likely to be groups
	of users with similar - dare we suggest - contexts, who will share
	their take on the intended context.
      

      
	Any of the potential usability and manageability problems
	inherent in encoding context information into a topic map in
	the local model will be magnified many times in an information
	space "whose size can be measured in thousands of terabytes,
	and the numbers of users in the hundreds of millions" [BERN06]. Therefore, there needs to be a mechanism
	where, while the necessary contextual information will be
	available, it should only be referenced as needed. Shared
	contexts between individuals and organizations must therefore
	be represented explicitly. The real meaning of "changing" a
	context (adding or removing references to situations, objects,
	information or any subjective views) needs to be determined
	with sufficient clarity so that the resulting large-scale
	information space represents an improvement on the current Web
	when attempting to find relevant information.
      

    
    
      Commercial Opportunities and Potential Architectures

      
	A highly distributed model for Topic Maps would require
	similar core, slow-evolving protocols and specifications
	similar to HTTP, URI and HTML. However, there would be few
	restrictions on the speed of evolution in both the content and
	the software implementing those specifications.
      

      
	The main idea is to separate as much as possible the
	monolithic view currently present in Topic Maps platforms into
	the essentials, so that they could evolve independently and
	provide a more dynamic market for more focused products. It is
	not hard to envisage multiple Topic Maps engine vendors
	specializing in particular aspects of performance,
	scalability, availability and management and maybe specialization
	around certain user communities. Likewise, authoring
	and navigation environments would be decoupled from a
	particular Topic Maps engine, allowing for the market to be
	developed. Such environments could also address more potential
	niches in the market through more vendors providing
	solutions. An increase in technology implementations and
	proven interoperability between them should lead to increased
	adoption of the technology and in a much larger way than has
	currently happened with the existing, monolithic approach.
      

      
	Leveraging the capabilities of hypermedia and potentially even
	some of the existing XML vocabularies intended to support
	interaction such as XForms or XHTML, would mean that clients
	would not be dependent on proprietary HTTP or SOAP-based APIs
	in order to author and navigate topic maps. There are many
	opportunities to leverage the "self-descriptive" and
	extensible nature of existing XML vocabularies to allow
	hypermedia documents to completely describe the interaction
	with a Topic Maps implementation.
      

      
	Additionally, unlike the Web, such a system designed to
	support large-scale information sharing would need to be
	designed with a way to represent the legitimacy principles and
	requirements specified by each content provider. Legitimacy is
	the context defining what is considered "fair" behaviour
	within a community or other common environment
	[WHIT03, TOWN06].
	This notion of fairness can also be expressed in many
	ways, but in a Topic Maps environment, it would be a good
	candidate for representation using the context mechanisms
	described above, and requiring that agents provide compliant
	implementations of those enforcement mechanisms. Many of the
	presented ideas align very well with the ideas expressed in
	the discussion paper on a "Personal Data Services Model"
	[BROW06].
      

    
  
  
    Summary and Next Steps

    
      In this paper we addressed questions and thoughts related to
      context and large-scale information sharing through Topic Maps.
    

    
      Context is critical to effective
      communication, and therefore critical to creating effective
      topic maps. Depending on the role to which topic maps are
      assigned, two differing interpretations on context are
      considered to be sensible:
      

		a subjective interpretation of context is
	sensible when users are engaged as active participants that
	study topic maps for a greater understanding of a given
	domain.


		an objective interpretation of context is
	useful when topics maps are used to capture and provide
	information that supports ad-hoc queries aiming for a broader
	view of a given domain.


      

    
      Based on examples of usage in knowledge management, the Topic
      Maps standard is an effective means for information sharing. The
      requirements of information sharing would
      exclude closed systems under centralized control but rather
      promote a decentralized model, as present in the current World
      Wide Web. However most of the current implementations of the
      Topic Maps standard are proprietary systems running under a
      centralized model. Many Web paradigms can be successfully
      applied to existing Topic Maps implementations in order to meet
      the requirements of large-scale information sharing. Hence
      although Topic Maps is not able to address large-scale
      information sharing directly, it might viably become a standard
      for information sharing if WWW paradigms are embraced,
      potentially creating "Topic Webs".
    

    
      The relation between context and information
      sharing was demonstrated through the conclusion that
      if information sharing ought to be addressed through topic maps,
      the adequate capture and representation of context is even more
      important as not only is the overall information space much more
      volatile but also the cultural background of users is likely to
      be much more diverse.
    

    
      Furthermore, Topic Maps has commercial
      opportunities in the area of information sharing if
      implementations become less monolithic and evolve more
      independently in order to increase deployment and
      interoperability through e.g. specialized products and aroud communities of use.
	This is at least the promise of the Topic Maps Reference Model, that
	anticipates that standards bodies will create Topic Map Applications (TMA) organized
	around the needs of such communities: "The disclosure of the ontological
	choices made in those TMAs will enable users across diverse
	communities to effectively marshal information about subjects
	indicated differently in diverse communities"
	[TMRM].
    

    
      It is possible that parts of the Topic Maps specifications need
      to be enhanced in order for the standard to be used in
      large-scale information sharing, or when attempting to capture
      appropriate contextual information. Much of the presented
      materials are only ideas and theories that need to be explored
      and tested much more rigorously to determine their validity and
      potential applicability to the target domains, bearing in mind
      "the only principle of the scientific method is that experience
      and observation is the sole and ultimate truth of an idea"
      [FEYN05].
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Notes
Note on terminology: "topic
      map", "topic maps" (lower case) refer to a single XTM "instance"
      file, conformant with the Topic Maps (uppercase)
      standard. Uppercase always refers to the standard (and is
      singular).

View note in Notes section
There
	is also a note indicating that [ISOTM] did
	not explicitly define scope to include all subjects, therefore
	there may be some interoperability issues with older topic map
	instances [TMDM].

View note in Notes section
Also called the Five
      W's (and one H), or "six honest serving men", see the Wikipedia
      article on the Five W's:
      http://en.wikipedia.org/wiki/5_Ws.

View note in Notes section
It
        could be argued that this presupposes that knowledge - rather
        than merely information - can be captured and this would imply
        further investigation of so-called tacit and explicit
        knowledge.

View note in Notes section
Note that this statement intentionally
        contradicts Bohm's view that "experience and knowledge are one
        process, rather than [thinking] that our knowledge is about
        some sort of separate experience" given that it would be
        difficult to illustrate the difference of perspective for most
        readers. However, I do not disagree with Bohm's view that
        there can't be a true separation between one's thinking and
        the object being considered as one's perspectives of the
        latter are intrinsically tied to the
        former.

View note in Notes section
The initial ideas for the
	protocol were presented at ApacheCon 2002 by Roy Fielding. The
	slides of the presentation are available from:
	http://gbiv.com/protocols/waka/200211_fielding_apachecon.ppt. There
	is also a page on Wikipedia:
	http://en.wikipedia.org/wiki/Waka_(protocol).

View note in Notes section

	[1]Note on terminology: "topic
      map", "topic maps" (lower case) refer to a single XTM "instance"
      file, conformant with the Topic Maps (uppercase)
      standard. Uppercase always refers to the standard (and is
      singular).


	[2]There
	is also a note indicating that [ISOTM] did
	not explicitly define scope to include all subjects, therefore
	there may be some interoperability issues with older topic map
	instances [TMDM].


	[3]Also called the Five
      W's (and one H), or "six honest serving men", see the Wikipedia
      article on the Five W's:
      http://en.wikipedia.org/wiki/5_Ws.


	[4]It
        could be argued that this presupposes that knowledge - rather
        than merely information - can be captured and this would imply
        further investigation of so-called tacit and explicit
        knowledge.


	[5]Note that this statement intentionally
        contradicts Bohm's view that "experience and knowledge are one
        process, rather than [thinking] that our knowledge is about
        some sort of separate experience" given that it would be
        difficult to illustrate the difference of perspective for most
        readers. However, I do not disagree with Bohm's view that
        there can't be a true separation between one's thinking and
        the object being considered as one's perspectives of the
        latter are intrinsically tied to the
        former.


	[6]The initial ideas for the
	protocol were presented at ApacheCon 2002 by Roy Fielding. The
	slides of the presentation are available from:
	http://gbiv.com/protocols/waka/200211_fielding_apachecon.ppt. There
	is also a page on Wikipedia:
	http://en.wikipedia.org/wiki/Waka_(protocol).
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Abstract
XML is playing crucial roles in web services, databases, and document representing and processing. However, the processing of XML document has been regarded as the main performance bottleneck especially for the processing of very large XML data. On the other hand, multi-core processing gains increasingly popularity both on the desktop computers and server computing machines. To take full advantage of multi-cores, we present a novel hybrid parallel XML processing model, which combines data-parallel and pipeline processing. It first partitions the XML by chunks to perform data parallel processing for both XML parsing and schema validation, then organize and execute them as a two stage pipeline to exploit more parallelism. The hybrid parallel XML processing model has shown great overall performance advantage on multi-core platform as indicated by the experiment performance results.
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Introduction

The challenge of XML Parsing and Schema Validation
Extensible Markup Language (XML) has been playing crucial roles in web services, databases and document processing fields. However, it has been commonly perceived that the verbosity of XML incurs heavy processing overhead. Several academic and industry efforts have been made to accelerate the XML processing, trying to mitigate the performance pain point. [6-10]
XML parsing and schema validation are two major XML processing loads in most XML based applications. XML parsing provides the infoset and XML Schema validation determines type information for every node of the document. Beside use on the application perimeter to validate input XML messages [1][2], the schema-aware processing gains are significance inside application, using XML processing languages like XPath2.0/XSLT2.0, accessing XML database, or mapping to Java objects.
The schema validation adds extra significant overhead into XML parsing [5]. For example, the eBay Web services specification has a few thousand elements and hundreds of complex type definitions. Communicating with eBay via the SOAP protocol requires processing of large XML documents [2]. Benchmark analysis [3][4] shows that most implementations of Web services do not scale well as the size of XML document increases.
Parallel XML Processing and Multi-cores
On the hardware front, a recent trend in computer architecture is the rapid adoption of chip multiprocessors (CMPs), commonly referred as multi-core processors. Intel, as an example, has shipped several of multi-core processors from 2 cores to 8 cores and is even leading the trend from multi-core to many-core with their future-oriented 80-core chip research project[12]. It's no doubt that tomorrow's computers will have more cores rather than exponentially faster clock speeds. As more and more web services based applications are deploying on multi-core processors, the heavy XML processing in web services will need to take full advantage of multi-core processing.
In this paper, we present a hybrid parallel processing model for XML parsing and schema validation, which combines data-parallel and pipeline parallelization model to achieve high performance and good scalability. The parsing and schema validation are two major pipeline stages in this model and are both based on a novel chunk-based speculative parallel XML processing algorithm. The parallel algorithm first partitions the XML document by chunks and then apply data-parallel model to process each chunk in parallel.
Several efforts have been made in this field to parallelize XML parsing. Wei Lu first presented a pre-scanning based parallel parsing model, which consisted of an initial pre-scanning phase to determine the structure of the XML document, followed by a full, parallel parser [6]. The results of pre-scanning phase are used to help partition the XML document for data parallel processing. The research continued with an attempt to parallelize the pre-scanning stage to exploit more parallelism [8]. Michael R.Head also explored new techniques for parallelizing parsers for very large XML documents [7]. They did not focus on developing parallel XML parsing algorithm, but exposing the parallelism by dividing XML parsing process into several phases, such as XML data loading, XML parsing and result generation, and then scheduling working threads to execute each parsing phase in a pipeline model. The paper discussed a bunch of performance issues such as load imbalance and communication and synchronization overhead. Parabix uses parallel bitstream technology [10], in its XML parsing by exploiting the SSE vector instructions in the Intel architecture [9].
Compared to other approaches, our approach tries to avoid the pre-scanning overhead [6], as we discovered the pre-scanning overhead is considerable especially after we improved the parsing performance [9]. Our the algorithm is chunk-based and each parallel sub-task is to process a chunk, it helps processing a large document without loading it into the memory. The vectorization approach [10] can be used in the each parallel sub-task and therefore complementary to our approach. Moreover, our paper is the first one describing the parallel schema validation and the hybrid parallel model. The performance evaluation results show the performance benefits by this model and parallel XML parsing and schema validation.
The rest of the paper is organized as follows. Section 2 introduces hybrid parallel XML processing model. Sections 3 and 4 focus on parallel XML parsing and parallel schema validation algorithms. The last section gives the performance evaluation results and makes a performance comparison with an existed parallel XML parser model.

Hybrid Parallel XML Processing Model
The hybrid parallel XML processing model showing in figure 1 combines pipeline and data-parallel model to expose more parallelism and achieve better scalability.
Pipeline Execution in XML Processing
XML processing can be executed as pipeline. Figure 1 shows two pipeline stages, parsing and validation. The two stages can execute as a pipeline based on chunks, which means, the parsing stages inputs the XML document by chunks and outputs parsed chunks while validation stage inputs the parsed chunk from previous stage and do validation against each parsed chunk if it's necessary. After that, it either associates PSVI information with each node in the chunk or produce a simple Boolean to indicate whether the document is valid.
However, the common challenge for a pipeline model is how to maintain load balance among pipeline stages. As the speed of producing the parsed chunk can be different than the consumption speed of the validator and the difference may vary for different chunks.  The parsed chunk pool acts as a cushion to absorb these differences. The more detailed discussion about how to assure load balance in pipeline model is out of the scope of this paper.
Apply Data-parallel Model
Both the parsing and validation stages can apply chunk based data-parallel model respectively to exploit more parallelism.
As shown in figure 1, parsing stage contains a number of XML parsers. At first, the input XML document is partitioned into chunks and put into a chunk pool. All of XML parsers can start speculative parsing once an input chunk in the chunk pool is available even though not receiving the whole input XML document. Any parser may perform chunk partition when the chunk number in the pool is less than a given threshold. After finishing parsing a chunk, the information for the chunk is not complete, the parallel parser must carry out post processing for the chunk after all preceding chunks are parsed. After that, the parsed chunks hold the complete infoset information for the corresponding input chunk and can be put into parsed chunk pool to be processed by next stage.
Similarly, the validation stage contains multiple parallel validators, each of which can perform partial validation once a parsed chunk is available. The parallel validator reads the parsed chunk from the pool directly. After validating one chunk, the post processing should be executed for all of preceding chunks to produce final validation result.

[image: Hybrid parallel XML processing model]
		
		
Figure 1.Hybrid parallel XML processing model



Parallel XML Parsing
Parallel XML parsing scans an XML document in parallel as well as checking the well-formedness and generates the parsing result. The XML document is divided into chunks so that each parser works on a chunk independently and generates its own partial result that is merged in document order during the post processing step to produce the final result.
The key to the parallel XML parsing algorithm is how to parse a chunk as a part of an XML document without seeing the whole document. A chunk may start in the middle of some string whose context and grammatical role is unknown. For example, a chunk may start as a part of element name or attribute or text value. Without this information, the parser does not know how to parse a chunk.
We present speculative XML parsing to address this issue. Speculative parsing can produce partial result for each chunk and delegate uncompleted work to post processing.
To support the speculative processing, we use a simple DOM-like XML tree(S-TREE) as our internal representation and the final parsing result. The node in S-TREE only has parent and first children link and all of sibling nodes are organized as document order, which is very memory efficient. S-TREE can be partially generated in the initial parsing step with the rest of the information completed in the later post processing step. We use the term of partial S-TREE to refer a partially generated S-TREE by speculative parsing for one chunk and all of partial S-TREEs can be linked together to be a completed one after post processing.
Figure 2 provides a detailed look at the parser. The speculative parsing based algorithm brings additional overhead: the chunk partition and the post processing. However, the overhead is much smaller than the pre-scanning overhead [6] and it can be amortized as the task can be done in parallel with speculative parsing. As shown in the figure, typically the chunk partition and the post processing are carried out only once although each parallel parser may perform the function. Comparably, the pre-scanning based algorithm [6] requires a pre-scanning over the whole document to get the skeleton of an XML document before parallel parsing can start.
[image: Parallel XML Parsing Algorithm]
		
		
Figure 2.Parallel XML Parsing Algorithm


Chunk Partition

	Chunk partition divides the whole or part of XML document into several of approximately equal-sized chunks and puts them into the chunk pool. The chunk size can be decided at run time to assure 1) each chunk should be big enough to minimize the number of chucks and reduce the post processing workload. 2) each parsing thread has one chunk to be processed at least, that is, the number of chunks should be larger than the number of working threads.
An issue for chunk partition is that a chunk may start in the middle of some string as we have discussed before. To make use of speculative parsing, we force each chunk must start with left angle bracket "<" by forward searching in XML during partition. By this way, each chunk can be regarded as a new XML document though it may not be well-formed.


Speculative Parsing

	This step parses each chunk and generates partial S-TREE.
Because each chunk always begins with left angle bracket "<", our parser works the same way as a single threaded or traditional parser does. However, a traditional parser may throw an exception if a chunk is not well-formed. For example, figure 3-a is a possible chunk partition for a sample XML document, we can find the chunk 3 is not well-formed for it starts with an end element. 
Speculative parsing deals with this issue by catching and classifying all of ill-formed exceptions. We have identified that there are three types of ill-formed exceptions. Each exception implies there is an unresolved element. All of unresolved elements can be further processed in post processing step.
1) Unresolved Start Element; which means the start element has no corresponding end element in current chunk. The unresolved start elements include "catalog", "book", and "title" in the first chunk of figure 3-a.
2) Unresolved End Element; which means the end element appeared when there is no matched start element in current chunk. Like the element "title" in the second chunk of figure 3-a.
3) Unresolved Prefix; which means the prefix has no associated namespace definition in current chunk. Like the prefix "bw" in the second chunk of figure 3-a.

[image: Figure3-a A sample XML includes three chunks]
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Figure 3.Figure3-a A sample XML includes three chunks

Figure3-b Speculative Parsing Result of sample XML


The unresolved start and end elements of a chunk are added to UnresolvedEE queue and UnresolvedSE queue respectively. For each unresolved start element, it also records the context information like namespace definition. In addition, the Qname of the start element and end element are recorded to help the well-formedness check in the post processing. The unresolved prefixes are recorded and later on resolved in the post processing step. Figure 3-b gives the speculative parsing result for each chunk of figure 3-a, which contains generated partial S-TREEs and unresolved elements.
Speculative parsing of a chunk may produce a number of partial S-TREEs. A new S-TREE is produced whenever the element has no parent in the current chunk. For example, the chunk 2 generates two partial S-TREEs as shown in figure 3-b. For each S-TREE, a relative depth is recorded to indicate his distance between the current tree and the tree with lowest level.


Post-Processing
The post processing propagates the context information and performs residual processing including checking well-formedness across chunks, resolving unresolved prefix and linking partial S-TREEs. As post processing has to be sequentially executed in one parallel parser, the algorithm is designed to be highly efficient.

	Context information
The post processing propagates context information from the first chunk to the succeeding chunks. The context information is used in the residual processing to complete the parsing of a partial processed chunk. The context information has to include QName, namespace definition and node reference of each unresolved start element in the UnresolvedSE queue to support well-formedness checking, unresolved prefix resolving and partial S-TREEs linking. The context information has to be prepared beforehand at the partial processing as long as the UnresolvedSE queues are formed.

Well-formedness Checking

	Parallel XML parsing uses two steps to check the well-formedness against an XML document. First, speculative parsing checks the well-formedness inside a chunk and post processing checks unresolved start and end element with a simple and efficient algorithm illustrated in figure 4. In this algorithm, N indicates the number of parsed chunks. 

[image: Well-formedness checking algorithm]
	
		
Figure 4.Well-formedness checking algorithm

This algorithm maintains the global context stack and matches its unresolved start element with the unresolved end elements in the UnresolvedEE queue for each chunk consecutively. After the last chunk has been processed, the global context stack and the UnresolvedEE queue of the chunk should be empty, which indicates all of start elements have matched all of end elements. Then the whole XML document is well-formed; otherwise it throws ill-formed exception.


Resolving Unresolved Prefix

In a well-formed XML document, any prefix must bind to a determined namespace. Speculative parsing can't bind an unresolved prefix to any namespace because its namespace may be defined in a preceding chunk.
To resolve unresolved prefixes, the post processing treats the namespace as context information and propagates the namespace information when maintaining the global context stack. It looks up all the ancestors of the element from its direct parent to the root element of XML document in global context stack to find the first matched namespace definition. If successful, all elements with the prefix associate the matched namespace; otherwise it throws unrecognized prefix exception.
However, there is an exception for resolving default namespace. If there is no matched default namespace definition for a default prefix, it should not report any error. Because XML specification has specified a pre-defined default namespace, it's not necessary to define a new default namespace in an XML document.


Linking Partial S-TREEs

	This step links partial S-TREEs together to be a complete S-TREE representing the original XML document. The key to this step is finding the correct parent for the root node of each partial S-TREE. So element's depth is introduced to indicate the relevant depth for the element in its own chunk, which is equal to number of unresolved end element appearing before the element in current chunk. The figure 5 shows how a partial S-TREE is linked to the trunk tree. In this algorithm, N stands for the total number of chunks.
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Figure 5.Partial S-TREE Linking algorithm


After this step, a chunk of XML data can be represented by a number of partial S-TREEs whose information is complete enough that it can be processed by another application, for example, parallel schema validator can start validation based on partial S-TREEs to expose more data-parallel opportunity.




Parallel Schema Validation

	Like parallel XML parsing, the basic idea of parallel schema validation is dividing the whole validation task into a set of subtasks, where each subtask validates a chunk of the document. Schema validation can work on partial S-TREE directly rather than the raw XML data. The validation stage has two phases, partial validation and residual validation, corresponding to speculative parsing and post processing in section 3. The figure 6 provides a more detailed look at the parallel validation.

[image: Parallel Schema Validating]
	
		
Figure 6.Parallel Schema Validating


	Partial Validation

		Partial validation starts with schema validation on the partial S-TREEs, which can be regarded as a subtask of the whole validation process starting from one of generated partial S-TREE so that partial validation can be executed in parallel based on having multiple partial S-TREEs. Usually, a finite state machine is used to describe the validation process. To validate a partial S-TREE, we must determine the schema type for the root element of a partial tree to initialize start of the start of the finite state machine.
According to schema definition, we can look up all of ancestors for a specific element to determine its schema type. As described in last section, each partial S-TREE must be linked into the preceding parsed chunks before being validated. So the ancestor link for the root element of a partial S-TREE is available. As long as the schema type of the root element is determined, the whole partial S-TREE can be validated. After finishing validating all of partial S-TREEs in a chunk it generates schema context information for all of unresolved start elements in current chunk, and summaries the type information in validation summary, which can be used in residual processing. The algorithm detail is shown in figure 7.
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Figure 7.Partial Validation Algorithm



Residual Validation

	Residual validation merges the partial validation result in document order. In fact, it just resumes to validate the unresolved start elements in a chunk which has been suspended due to its child nodes are not available in that chunk. The only difference of residual validation from traditional validation process is that it will use the information kept in validation summary to do the validation work other than retrieving from original XML document. Figure 8 describes the algorithm.

[image: Residual Validation Algorithm]
	
		
Figure 8.Residual Validation Algorithm




Performance Evaluation

	This section gives the performance evaluation result. In our experiment, we use the high performance XML parser in the Intel® XML Software Suite as the baseline, which offers 80M/sec throughput single-thread performance on the 2.66G Xeon test machine [9]. We first analyzed the performance breakdown for our hybrid parallel processing model for XML parsing and schema validation. Then we measured performance of our standalone parallel parser, which only parsing and try to analyze its speedup and overhead for documents with different size. Then we make a comparison between speculative parsing based XML parser and the pre-scanning based approach, using our prototype parallel parsers with the two approaches. At last, we show the performance improvement on schema validating parser which integrates parallel parsing and schema validation.
These performance measurements were taken on a Dual Intel Xeon 5300 processor machine (2.66GHz, Quad Core, Shared 8M L2 cache) with 4G RAM. The underlying operating system for these tests was Redhat Linux EL4 (kernel 2.6.9).  The test cases are taken from Intel's XML Parsing Benchmark [11], whose cases are all from real customer and varied in XML size, number of elements and element nesting depth. For example, the size of test cases is in ranging from 5K to 20M and the element nesting depth is from zero to six.
To minimize external system effects on our results, we had exclusive access to the machine during testing. Every test ran ten times, to get the average time the first time was discard, so as to measure performance with the XML document data already cached rather than being read from disk. 

	Performance Breakdown
Our parallel XML processing model performs the pipeline stages as described, and thus we can measure the time of each stage. The sequential stages include chunk partition, post processing in XML parsing and residual validation in schema validation. The speculative parsing and partial validation can be done in parallel. Figure 9 shows the average time consuming percentage of each stage from two threads to eight threads.
First, we find the percentage of effort related to chunk partition is nearly zero. The main reason is that speculative parsing algorithm can start parsing any part of XML as long as it starts with left angle bracket "<", which simplifies the chunk partition algorithm.
As thread number increases up to eight, we observe the percentage for another two sequential stages, post processing and residual validation grows from 10% to 35%. If excluding the overhead caused by lock contention, the time consumed by the two stages is in direct ratio to chunk number and average element depth of an XML document. For example, the worst situation is that the first chunk only has start element while the second one only contains end element, which hints the XML document has very high depth. We also measure the performance breakdown for such worst XML case.  The result shows the percentage taking by post processing and residual validation is less than 50% in 8 threads, which is acceptable because such worst XML case is rare exception.

[image: Performance Breakdowns]
	
		
Figure 9.Performance Breakdowns


Standalone Parallel Parser Performance

	Standalone parallel parser only parses the XML document in parallel and generate DOM-like tree. We use the term speedup to measure how well the parallel algorithm scales and evaluate the efficiency of parallel algorithms.  Speedup is calculated by dividing sequential time by the parallel execution time. We use the XML parser in Intel® XML Software Suite as the baseline to get the sequential execution time. The parallel time is the time our parallel XML parser spends on build the same DOM-like tree. Figure 10 shows how the parallel algorithm scales with the number of threads when parsing the XML document with different document size.
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Figure 10.Speedup of standalone parallel parser on XML document with different size


From the figure 10, we can see that the bigger the XML document size, the higher speedup of parallel parser can achieve. Because bigger XML document can be split into more subtasks to be parsed in parallel and can maximize the utilization of multi-processors. This algorithm has very good speedup for large XML documents. It is even nearly three times faster than sequential parsing with four threads. The speedup for large documents is also nearly 4.5 with eight threads. But the overhead of thread communication and lock contention is becoming significant when the total sequential parsing time is very short for small XML documents. That's the reason why there is no performance gain for small XML documents less than 64K. But parallel parser can filter these cases at run time by setting a threshold of minimum XML document size. It still makes sense because parallel parser is designed for speeding up the parsing of large XML documents. 
Besides, we made a performance comparison analysis against an alternative parallel parser prototype presented in paper [6]. Before we use the speculative execution based approach, we have developed a prototype using the pre-scanning approach. Figure 11 gives the performance comparison result for the two parallel XML parsing algorithms on large XML document. The result shows the performance of our speculative parsing based parser has significantly higher speed-up. Also, the pre-scanning based parsing approach doesn't scale very well when we use 8 threads on 8-core machine. 
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Figure 11.Performance Comparison for two Algorithms


Speculative parsing based parser avoids the pre-scanning process and reduces the sequential execution time as much as possible. An initial evaluation result shows that the average overhead of pre-scanning is hundreds times slower than the overhead introduced by the sequential execution time of our parallel algorithm, which explains the reason that speculative execution based parallel parser performs better than the pre-scanning based parallel parser.


Parallel validated parser performance

	A validating parser performs validation during parsing. Our parallel validating parser is an integration of parallel parsing and parallel schema validation with a pipeline model. Schema validating parser has two usual usage models. The first, named parallel validator only validates the XML document and gives the validation result against a given schema. The other also outputs a DOM-like tree with type information at the same time, named parallel validating DOM parser.
Figure 12 gives the speedup for pure parallel parsing, standalone parallel validation and parallel validated DOM parser respectively on large XML documents, using XML schema validator in Intel® XML Software Suite as our baseline. The speedup of parallel validating DOM parser reaches above 5 on the 8-core test machine. The speedup of parallel validator is slightly slower as the baseline uses a faster mode which avoids generating the intermediate DOM-like tree. The better speedup of parallel validator than that of standalone parallel parser demonstrate the former exposes more parallelism by integrating parallel XML parsing and schema validation while has lower overhead of parallel validation by using the information summary in the residual processing
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Figure 12.Speedup of Three Parallel Parsers




Conclusion

	In this parser, we describe a new parallel XML parsing algorithm with great performance and that scales well for up to eight cores by means of speculative based parsing. Then we develop a novel parallel schema validation algorithm which can validate partial DOM-like trees generated by parallel XML parsers. Based on the two parallel algorithms, a hybrid parallel processing model is presented. This model organizes XML parsing and schema validation as a two stages execution pipeline and then apply data-parallel for each stage to expose more parallelism.  Our results have shown this hybrid parallel XML processing model is effective and very efficient.
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Create a new global context stack A
FOR cach chunk from 1 TON
IF current chunk has been parsed
THEN Get the UnresolvedEE queue B
IF B is not empty
THEN
FOR cach element in B
IF current end element match the top element in A
THEN pop one element from A
ELSE report ill-form error and break
END FOR
Get the unresolved start element queue C
IF C is not empty
THEN take each element from C and push to stack A
END FOR
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Determined root element type and validate its attribute
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into validation summary

DFOR






OEBPS/assets/vol1/BalisageVol1-Wu01/72f822682bc1-Wu01-011.jpg
—o—Large File(>1M)  —=— linear speedup
. Middle File(54K-1M) < Small File(<64K)

Tthiead 2threads 4 threads 8 threads






OEBPS/assets/vol1/BalisageVol1-Wu01/e6756fa2f60d-Wu01-013.jpg
Pure Parallel Parsin

= Standalone Parallel
Validation

o Parallel Validated
DOM  Parser

2 threads

4 threads

8 threads






OEBPS/assets/vol1/BalisageVol1-Wu01/fa6b9b5428d3-Wu01-009.jpg
Set partial element stack of first chunk as global context stack
FOR two continuous chunks I, 1T from 1 to N
IF the two chunks have been partial validated
Set top element of global context stack as context node
FOR each element in validation summary of chunk IT
IF it's a start element node
THEN validating current node with context node
IF it's an unresolved end element
THEN check if the context node is in final state
IF global context stack is empty
THEN break:
E op top element and set new top element as
context node
ENDFOR
Merge partial element stack IT into global context stack
ENDFOR
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Here, we have three symbolic grammar paths: N-P, P-N and N*P. To show materializations of the paths,
consider the document D valid in S shown in Fig. 1. For this document, we have:
Hsp(N-P) =0
TIsp(P-N) = SHP/ {basic/"B2”, confidential/{"C1","C2"}, veryConfidential/ {"V1","V2"},
@name/{*Kerry”, “Smith”} }
L (N*P) = SHP/{ @Id/ 00"}, basic/"B1"}
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i [ orange Couny university May 4t 1795

Dear Father,
“This being a day of rest | thaught there was nothing |

could engage in that would give me so much pleasure as in wrighting

10 50 good 2 Father, which | conceiv is the most we can 2dd 10 your
happiness now, with close attention to our studies, and hope you may ne
Ver have 10 say that you wish you had never had a Son, as | dare

say many have, but to the contrary | hope we shall live 10 be a pleasure
0 you in time. We have been a5 well a5 common except the splean which
is 25 bad as ever, un‘il within this few days | think t is some bet

tr, | swing by my hands every morning and knight; aiso have been
taking Steel Dust steept in Brandy for better than a week but cannot
perceive whither it has done me any good or not yet; last week | ** trou
bled very much with a griping but | am quite clear of it now and am

in hopes | hall be able to give a better account of it the next time
Hwright.

1 shal nform you of something that may perhaps seem

strange at first, that is M Kimbel s going to move to Caintucky

and that we shall have to board at commons though he is not

0 settof untill th first of September, but he says that he and

W= Kimbel are going from home and willnot return in less

than a Month: and that % other business s so that he cannot attend to
boarders, and he intends f he can 1o get M" Taylor to board us

if he il trust you untillyou come up as he generally has a

quarter or half at enrance, he is not at home at present If he had

been I should have known whither he would have taken us or

not; he went away 2 day or o before | knew any thing of this,

and 1 don't expect him back in less than twe <s™ or three " days but |

ont doubt he wil comply with the offer. | expect you will be
up about the end of August, or the fist of September however it
Wil be necessary you “24 come by that time, on sundry occasions,
frst that M Kimbel wil be going away and will want to

setle with you for the bed and bedclothes which he

says he willet us have “*il that time, and alo for our

J | ashing which w kimbet saysshe il hve done

at the rates of thee pounds a year, and | supose we shall
have to take a room in the Colledge which will amount
t0°5 dollars 2 year each | for my part am very sorry

we did not board at commons first; | thaught there was
o certanty nor regularity in them such Cabbins; there
is not one Student except M’ Daniels Son and our

selve but what board at Commons. M’ Yergans fa

mily was taken sickly and his two boarders that

0
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Orange Couny University May 4th 1735.
Dear Father,

“This being a day of rest | thaught there was nothing |

could engage in that would give me so much pleasure as in wrighting
1050 good 2 Father, which | conceiv is the most we can 2dd 10 your
happiness now, with close attention to our studies, and hope you may ne
Ver have 10 say that you wish you had never had a Son, as | dare

say many have, but to the contrary | hope we shalllve to be a pleasure
0 you in time. We have been a5 well a5 common except the splean which
15 25 bad as ever, un'il within this few days | think t is some bet

tr, | swing by my hands every morning and knight; aiso have been
taking Steel Dust steept in Brandy for better than a week but cannot
perceive whither it has done me any good or not yet; last week | ** trou
bled very much with a griping but | am quite clear of it now and am

in hopes | hall be able to give a better account of it the next time
wright.

1 shal nform you of something that may perhaps seem

strange at first, that is M Kimbel s going to move to Caintucky

and that we shall have to board at commons though he is not

0 settof untill th first of September, but he says that he and

W= Kimbel are going from home and willnot return in less

than a Month: and that % other business s so that he cannot attend to
boarders, and he intends f he can 1o get M" Taylor to board us

if he il trust you untillyou come up as he generally has a
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been I should have known whither he would have taken us or
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and 1 don't expect him back in less than twe <s™ or three " days but |

ont doubt he wil comply with the offer. | expect you will be
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DIMENSIONAL DIMENSIONAL INSPECTION

CERTIFICATION BWXT Y-12, LL.C.

REPORT (U) Y-12 NATIONAL SECURITY COMPLEX AREA: 9201-1
PART NAME PART NO. DRAWING NO, REV PRODUCT ID  LOT NUMBER
(R) Eyelet(U) B-K-23189 B-K-23189 L PP1200-19 120019xxxX

LINE RESULTS PART FEATURE INSPECTION

ITEM METHOD

%1 Material Certification Number | Visual

(i.e., MC Number) legibly
marked on the shipping
container with ink.
Record the MC Number.
2 Part free of all foreign matter. | Visual, Scale and Scratch
Fabrication defects (scratches, | Depth Gage
dents, toolmarks, etc.) do
not exceed those normally
tolerated in good machining
and handling practices.
3 .1270/.1275 inner diameter Pins (1)
4 .1700/.1600 Diameter -D- Micrometers (1)
5 .2450/.2550 outside diameter
6 .0130/.0151 thickness
7 Inside diameter concentric to Pin Micrometers (1)
Diameter -D- TIR

8 .2500 (ref.) outside diameter Optical Comparator (1)
concentric to Diameter -D-
within diameter .0050 TIR

R)9 .0790/.109 hei ht

10 0100 maxim fillet radius

11 Bottom surface perpendicular

to Diameter -D- within .0030
TIR
12 .0020 maximum radius

or chamfer - slight burr
permissible (2 places)

DOCUMENT REV
NUMBER B
00-CG-007

Page 3 of 5

UNCLASSIFIED
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DIMENSIONAL DIMENSIONAL INSPECTION Distribution: PET# 47691

CERTIFICATION BWXT Y-12, L.L.C. MasterDistribution Being Maintained

REPORT (U) Y-12 NATIONAL SECURITY COMPLEX AREA: 9201-1
PART NAME PART NO.  DRAWING NO, REV PRODUCT ID LOT NUMBER
(R) Eyelet (U) B-K-23189 B-K-23189 L PP1200-19 120019xxXX

OTHER APPLICABLE DOCUMENTS:

00-CG-007 Rev. A
(N) O0-A-053

LEGEND: METHOD OF RECORDING (INCHES)

1. Dimensional tolerances shown in mils.
2. Record numerical reading of any out-of-tolerance dimensions.
3

Finishes are in microinches

*  Record Actual Dimension (maximum and/or minimum)

%  Record specified information
No symbol—record OK for acceptable Line Item

3411—Stage 1 of 1
HANDLING INSTRUCTIONS

Handle parts with clean gloves.

Any area of the part which has contacted casting material must be cleaned immediately upon removal of the cast material.

WO =

Only gloves and process materials listed in or referenced from OO-Y-339 (Controlled Process Materials List) and procured using
Category 17 Catalog Numbers are approved for use to process, clean or to contact the finished machined surfaces of the part.
Inert accessories or tooling such as fixturing, gaging, equipment, probe tits and shipping materials are considered a low risk
source of residual contamination, have been excluded from the controls and approval process materials listing.

SPECIAL SAMPLING PLAN INSTRUCTIONS

A Sample is to be selected at random from the lot. The sample size and Disposition Criteria are to be determined from the following:

Lot Size Sample Size Accept® Reject **
1-10 All 0 1
11-50 10 0 1
DISPOSITION DISPOSITIONED BY INSPECTION DATE
PRODUCT INSPECTION
. C.REVIE
ENGINEER ENGINEER € CREVIEW | hOCUMENT NUMBER | REV
David B. Fielden Eric E. Angros DSF 00-CG-007 B
10/2/03 10/1/03 10/2/03
Approved/Date Approved/Date Approved/Date Page 1 of 5
“This document has been reviewed by an Authorized Derivative Classifier and has been determined
to be UNCLASSIFIED. This review does not constitute clearance for public release Max Galyon 7/28/03

Derivative Classifier ale

UNCLASSIFIED
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Letter from John and Ebenezer Pettigrew to Charles Pettigrew (1795)
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Orange Couny University May 4th 1735.
Dear Father,

“This being a day of rest | thaught there was nothing |

could engage in that would give me so much pleasure as in wrighting
1050 good 2 Father, which | conceiv is the most we can 2dd 10 your
happiness now, with close attention to our studies, and hope you may ne
Ver have 10 say that you wish you had never had a Son, as | dare

say many have, but to the contrary | hope we shalllve to be a pleasure
to you in time. We have been as well as common except the splean which
is as bad as ever, un'il within this few days | think t is some bet

ter 1 swing by my hands every morning and knight; aiso have been
taking Steel Dust steept in Brandy for better than a week but cannot
perceive whither it has done me any good or not yet; last week | ** trou
bled very much with a griping but | am quite clear of it now and am

in hopes | shall be able to give a better account of t the next time
wright.

1 shal nform you of something that may perhaps seem

strange at first, that is M Kimbel s going to move to Caintucky

and that we shall have to board at commons though he is not

0 sett of untill th first of September, but he says that he and

W= Kimbel are going from home and willnot return in less

than a Month: and that % other business is 5o that he cannot attend to
boarders, and he intends f he can 1o get M Taylor o board us

if he il trust you untllyou come up as he generally has a

quarter or half at enrance, he is not at home at present if he had

been I should have known whither he would have taken us or

no; he went away 2 day or o before | knew any thing of this,

and 1 don't expect him back in less than twe <s™ or three ' days but |

AEo ¢~7¢wa-4« wrdf « ”M’A

'%ﬁ(}wz g

SRR R i il s

ont doubt he wil comply with the offer. | expect you will be
up about the end of August, or the fist of September however it
will e necessary you “24 come by that time, on sundry occasions,
frst that M Kimbel wil be going away and will want to

setle with you for the bed and bedclothes which he

says he willet us have “*ill that time, and also for our

washing which M Kimbel says she wil have done

at the rates of thee pounds a year, and | supose we shall

have to take a room in the Colledge which wil amount.

t0°5 dollars 2 year each | for my part am very sorry

we did not board at commons first; | thaught there was

o certanty nor regularity in them such Cabbins; there

is not one Student except M’ Daniels Son and our

selve but what board at Commons. M’ Yergans fa

mily was taken sickly and his two boarders that

B
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‘Orange Couny University May 4th 1735.
Dear Father,

“This being a day of rest | thaught there was nothing |

could engage in that would give me so much pleasure as in wrighting
1050 good 2 Father, which | conceiv is the most we can 2dd 10 your
happiness now, with close attention to our studies, and hope you may ne
Ver have 10 say that you wish you had never had a Son, as | dare

say many have, but to the contrary | hope we shalllve to be a pleasure
0 you in time. We have been a5 well a5 common except the splean which
is 25 bad as ever, un'il within this few days | think t is some bet

ter, | swing by my hands every morning and knight; aiso have been
taking Steel Dust steept in Brandy for better than a week but cannot
perceive whither it has done me any good or not yet; last week | ** trou
bled very much with a griping but | am quite clear of it now and am

in hopes | shall be able to give a better account of it the next time
wright.

1 shal nform you of something that may perhaps seem

strange at first, that is M Kimbel s going to move to Caintucky

and that we shall have to board at commons though he is not

0 sett of untill th first of September, but he says that he and

W= Kimbel are going from home and willnot return in less

than a Month: and that % other business s so that he cannot attend to
boarders, and he intends f he can 1o get M" Taylor to board us

if he il trust you untllyou come up as he generally has a

quarter or half at enrance, he is not at home at present If he had

been I should have known whither he wauld have taken us or

| not he went away a day or two before | knew any thing of this,

and 1 don't expect him back in less than twe <s™ or three ' days but |

yﬂu‘/a ﬂ/?’nwu
Ma{w&@) alm.gﬂ

ont doubt he wil comply with the offer. | expect you will be
up about the end of August, or the fist of September however it
Wil b necessary you “24¢ come by that time, on sundry occasions,
frst that M Kimbel wil be going away and will an to

setle with you forthe bed and bedclothes which he

says he willet us have “*ill that time, and als for our

washing which M Kimbel says she will have done

at the rates of thee pounds a year, and | supose we shall

have to take a room in the Colledge which wil amount

t0°5 dollars 2 year each | for my part am very sorry

we did not board at commons first; | thaught there was

o certanty nor regularity in them such Cabbins; there

is not one Student except M’ Daniels Son and our

selve but what board at Commons. M’ Yergans fa

mily was taken sickly and his two boarders that
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Topic maps TOC for this post

Drupal NID: 44

Goto Map  Association name Type  Role

Notation
vo test  Shows su notes and legend su sup -

vo test  Shows su notes and legend su sub

v test  Shows Is_a notes and legend isa | =

v test  Shows Is_a notes and legend sa ¢ =

ve test  Shows ss notes and legend s 2 wt,?? =

v2 test  Shows ss notes and legend s comestic cat® =

Legends.

1S A () associates a dlass topic with an instance topic. Click on numbers to go back and forth from index to legend; Click on links in

legend to go to topic pages, and click on % to go to a page with the complete class/instance hierarchy for that topic. SEE: * cat (%
2
%2 Leo ().

SS (W) associates topics that have the same subject. Click on numbers to go back and forth from index to legend; Click on links in
legend to go to topic pages. SEE: * cat (B(); 2 t (b); 2 domestic cat (H).

SU (W) associates topics that are super- and subtypes of each other. Click on numbers to go back and forth from index to legend;

Click on links in legend to go to topic pages, and dick on ¥ to go to a page with the complete hierarchy of types for the topic. SEE:
1 animal (£); 2 cat
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Phasellus ac felis in ante dignissim tincidunt. Praesent aliquet, turpis varius varius
adipiscing, quam quam pulvinar metus, a posuere tellus neque id orci. Quisque mauris
purus, consectetuer ac, aliquet vel, bibendum at, tortor. Morbi pellentesque quam ut nunc.
Quisque viverra ullamcorper massa. Official version: A player_7_2_1 and 364 U.S. 507-%

Cite: 364 U.S. 507 . Curabitur non risus. Etiam magna leo,
Parties: Reina v. U.S. elementum eu, euismod eu, suscipit eget,
Docket: [no docket] turpis. Suspendisse auctor, elit d euismod
Court: United States Supreme Court imperdie, ligula tortor feuglat augue, eget
Date: November 7, 2008 sodales odio justo id ante. Suspendisse
Powered by Altlaw B [full text] sollicitudin. Aliquam nulla. Morbi ut quam

eget nulla lobortis placerat.
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7 Get degrees of separation

Select a topic from column A, and 3 topic from colurn B. For example, select knee
from Column A, and head from Column B, to see whether the knee bone Is connected
to the head bone, and If so, how.

Column A:
s T

is_employed_by

is_implicated

is_member

ljumbo P

knee !

knuckle

jar Y

Column B:

has_color_of 1

has_color_of M

head |

hidden

hip

husband

i

iris ¥

(Find topics Y(Reset)

Degree #  Map Name Type Role  Player
4 5032 test connected_to  node  head
4 5032 test connected_to  node  neck
3 4875 test connected_to  node  back
3 4875 test connected_to  node  neck
2 4843 test connected_to  node  back
2 4843 test connected_to  node  hip
i 4826 test connected_to  node  hip
1 4826 test connected_to  node  thigh
0 4793 test connected_to  node  knee
0 4793 test connected_to  node  thigh
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association_nid | map | map_nid | association_type | type_nid | role | role_nid | player | player_nid

11927 | werim | 548 | of_counsel | 4000 | client | 4015 | Alberto Gonzales | 3784
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