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      Abstract
PubMed Central (PMC) is an XML-based archive of life sciences journal literature at the
        U.S. National Institutes of Heath that allows public access to full-text journal articles.
        The archive was created in 2000 and has grown steadily to over 2 million records. The
        project has been successful in part because of the strict XML control and the flexibility
        that PMC givesre its submitters. 

      This paper gives an overview of the PMC data evaluation process; the XML processing
        model; the PMC philosophy toward XML use, including use of the NLM DTD, XML Taggging Style,
        usability or reusablilty of the XML, public XML tools, and our people; and some challenges
        we continue to face maintaining the archive. 

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


  PubMed Central [PMC01] is the U.S. National Institutes
    of Health's free digital archive of full-text biomedical and life sciences journal literature.
    Content is stored in XML at the article level. Structures above article (issues, volumes, etc.)
    are built as collections of articles. The content is displayed dynamically from the archival XML
    every time that a user retrieves an article. In that respect, every request confirms that the
    archival copy is still functional. 

  PMC contains over 2 million article records from over 1,000 titles with 10-15,000 new
    records being added each month. On average, 600,000-700,000 articles are retrieved by 400,000
    unique users each day [PMC02].

  PubMed Central was started in 1999 to allow free full-text access to journal articles.
    Participation by journals is voluntary. From the beginning there has always been a requirement
    that participating journals provide their content to NCBI marked up in some "reasonable" SGML or
    XML format along with the highest-resolution images available, PDF files (if available), and all
    supplementary material. Complete details on the PMC's file requirements are available [PMC03].

  A discussion of what makes a "reasonable" SGML or XML format could be an interesting topic
    for another paper. For now, "reasonable" means that there is sufficient granularity in the
    source model to map those elements critical to the understanding of the article (and/or its
    functioning in the PMC system) from the original article to the appropriate place in the PMC XML
    model. 

  
    The Data Evaluation Process

    Journals joining PMC must pass two tests. First, the content must be approved for the NLM
      collection [NLM01]. Essentially this is just a check to
      be sure that the content is "in scope" for a medical library. 

    Next the journal must go through a technical evaluation to "be sure that the journal can
      routinely supply files of sufficient quality to generate complete and accurate articles online
      without the need for human action to correct errors or omissions in the data." [PMC03]

    For the evaluation, a journal supplies a sample set of articles (at least 50). These
      articles are put through a series of automated and human checks to ensure that the XML is
      valid and that it accurately represents the article content. There is a set of "Minimum Data
      Requirements" that must be met before the evaluation proceeds to the more human-intense
      content accuracy checking [PMC04]. These minimum criteria
      are listed briefly below: 

        	
          Each sample package must be complete: all required data files (XML/SGML, PDF if
            available, image files, supplementary data files) for every article in the package must
            be present and named correctly.

        

        	
          All XML files must conform to an acceptable journal article DTD.

        

        	
          All XML/SGML files must parse according to their DTD.

        

        	
          Regardless of the XML/SGML DTD used, the following metadata information must be
            present and tagged with correct values in every sample file: 

              	
                Journal ISSN or other unique Journal ID

              

              	
                Journal Publisher

              

              	
                Copyright statement (if applicable)

              

              	
                License statement (if applicable)

              

              	
                Volume number

              

              	
                Issue number (if applicable)

              

              	
                Pagination/article sequence number

              

              	
                Issue-based or Article-based publication dates. Articles submitted to PMC must
                  contain publication dates that accurately reflect the journal’s publication
                  model.

              

            

        

        	
          All image files for figures must be legible, and submitted in high-resolution TIFF
            or EPS format, according to the PMC Image File Requirements.

        

      

    These seem like simple and obvious things - xml files must be valid - but the minimum data
      requirements have greatly reduced the amount of rework that the PMC Data Evaluation group has
      to do. Certainly it helps to be explicit about even the most obvious of things. 

  
  
  
  
    PMC Processing Model

    The PMC processing model is diagrammed in Fig. 1. For each article, we
      receive a set of files that includes the text in SGML or XML, the highest resolution figures
      available, a PDF file if one has been created for the article, and any supplementary material
      or supporting data. The text is converted to the current version of the NLM Archiving and
      Interchange DTD [JATS01], and the images are converted
      to a web-friendly format. The source SGML or XML, original images, supplementary data files,
      PDFs, and NLM XML files are stored in the archive. Articles are rendered online using the NLM
      XML, PDFs, supplementary data files, and the web-friendly images. 
[image: PMC Processing Model]
          
        
Figure 1.PMC Processing Model
    This processing model seems obvious now, but this is not how the content was always
      handled. The early PMC processing model is shown in Fig. 2. 
[image: Original PMC Processing Model]
          
        
Figure 2.Original PMC Processing Model The images, PDFs, and supplementary material were handled in much the same way, but
      they are not interesting for this paper so I will just be concentrating on the text processing
      from now on. The SGML or XML was loaded into a database in its native format. When the article
      was requested by a user, the original text was pulled from the database and run through a
      piece of proprietary software to render it in HTML on the web. It is easy to see that this is
      not a scalable solution - especially if we were planning for any kind of success.

    As we started getting more and more submitters, it became obvious that we needed to take
      the processing hit of conversion to a single text format up front and allow the database and
      rendering system concentrate on only one type of XML (Fig. 3). We created the
      pmc-1.dtd [PMC05], which was based on the first
      two submission DTDs that we had to PMC: keton.dtd, an SGML DTD somehow descended from
      ISO12083, and the BioMed Central article.dtd, an XML DTD that was very similar. 
[image: Updated PMC Processing Model]
          
        
Figure 3.Updated PMC Processing Model
    The pmc-1.dtd was written to simplify access to full-text articles online. It was a small
      and simple DTD that soon showed its limitations as we started to convert more submission
      formats into it. It grew quickly, and quickly grew unwieldy. At this point, work began on a
      new DTD that became the NLM Archiving and Interchange Tag Suite [Beck01]. 

  
  
    XML Philosophy

    There are a number of things in our XML Philosophy, which may at first seem contradictory,
      that have lead to the success of PMC and the manageability of the article ingest work. In
      general, we have found a balance between strictness and flexibility that allows us to keep a
      certain amount of control but not be too restrictive on our submitters. 

		
			Some Strict Things

    The first thing we are strict about is that we do a complete review of any new DTD in
      which content is being submitted, as described above. We do not take articles in HTML. We also do a complete review of sample articles for each new journal to be sure that the content provider is able to provide content that is
      structurally and semantically correct.

    Another thing we are strict about is that all content must be valid according to the DTD
      in which it was submitted - not just during data evaluation but in the ongoing production process as well. This seems like an obvious one, but there was a surprising amount
      of controversy about this in the early days of PMC, and we still get invalid files. Problems
      usually arise now because the submitter has made a DTD change (as simple as adding a new
      character entity to the DTD) without telling us or sending an updated DTD. 

    Also, we do not fix text; all content changes must be made by the submitter, and the
      content must be resubmitted.

		
	
		Some Flexible Things

    Some things we are not so strict about, which reduces some of the burden on our
      submitters. First, we don't require all content to be in our format or to follow our tagging
      rules. We don't force updates of content to latest DTD version, and we generally follow
      journal style where it does not interfere with our systems.

		
    
      The DTD

      We use the NLM Archiving and Interchange DTD as the format for all articles loaded to
        the PMC database. This model was created specifically for archiving article content. It was
        designed to be an "easy target to hit" when transforming content from the over 40 different
        input models that we receive content in. Currently we are writing content into version
        3.0.

      We do not migrate all content to each new version of the NLM DTD when it comes out. The
        system is robust enough to handle content from version 1.0 of the DTD through version 3.0,
        so we are not constantly churning the data.

		  We manage all of the versions of the DTD with an
        XML Catalog, which we also use to manage all of the input DTDs (SGML and XML). We maintain
        all mappings of PUBLIC and SYSTEM IDs for any DTD that we use in the XML catalog on our
        Linux machines and then create other catalogs from it each time it is updated. We create an
        SGML Catalog for the SGML tools that we use; a single "Oxygen" catalog that
        everyone on the team can use over the network with the XML editor; and a copy of the catalog that refers to
        http-based copies of the DTDs for PMC International sites. The XML Catalog is an essential
        piece of the PMC system.

    
    
      PMC Tagging Style

      Next, we've defined a set of rules for objects within articles that is more restrictive
        than the DTD. This allows us to have normalized structures (figures, tables, contributors)
        in articles for ease of processing and rendering. We call these rules the PMC Tagging Style,
        and all articles must "pass style" before being loaded to the database. They are documented
        in the PMC Tagging Guidelines [PMC06]. 

    
    
      (Re)Usability of XML

      Finally, our XML must be useable by others. The NLM XML that we create from whatever was
        submitted to us is always available to the submitting publisher (the content owner), and a
        subset of the articles that are Open Access are available to anyone for download through the
        PMC Open Archives Service [PMC07]. This keeps us
        honest. We can't allow ourselves to take shortcuts with the data. All articles must be valid
        according to the public NLM DTD version that they reference, and we only use Processing
        Instructions for instructions about processing.

    
    
      PMC Tools

      Another thing that has been helpful is that we share tools we've built with our
        submitters. The more help we can give to people sending us content, the cleaner the content
        is, and the easier it is for us to process. Reducing or eliminating correction cycles
        greatly reduces cost and stress on the PMC team. 

          	
            PMC Tagging Guidelines [PMC06] - This
              is a document that describes the PMC Tagging Style mentioned above. We first created
              the guidelines as an internal document that we would use to keep track of any tagging
              rules we set up to keep our XML as normal as possible. As we got more and more
              questions from providers about how structures should be tagged, we decided to share
              our internal document.

				  The DTD allows many ways to tag certain structures, but we do
              have a preference for many of them, and sharing them has been helpful both for us and
              for PMC submitters. While we don't require content that is submitted to PMC be "to
              style", we certainly aren't going to turn it away. 

          

          	
            PMC StyleChecker [PMC08] - This is a
              tool that applies the rules defined in the Tagging Guidelines. It is an XSL transform
              that reviews each article and reports what it finds. This is the same transform that
              we have inline in our production process after validation against the DTD to confirm
              that the structures withing the articles we are loading into the database meet our
              standards for tagging.

            It is available as an online tool that users can upload one article at a time or
              as a set of stylesheets that data providers can build into their workflow [PMC09].
              ().
            

          

          	
            Online SGML Validator [PMC10] - This is a tool that
              validates SGML against the SGML DTDs that we have in the PMC system as long as the PUBLIC
              or SYSTEM ID is recognized in our SGML Catalog file. That is, as long as we have set
              up the particular SGML DTD for ingest in our system.

          

          	
            Online XML Validator [PMC11] - This is a tool that
              validates any XML file whose SYSTEM ID is resolvable on the system or whose PUBLIC or
              SYSTEM ID is mapped in our XML Catalog file.

          

          	
            PMC Article Previewer [PMC12] - This is a
              tool that runs an article through a PMC ingest workflow. First the SGML or XML is
              validated against the DTD per the rules given above for the SGML and XML validators.
              Then, if we recognize the DTD and have a conversion built for it, the article runs
              through the XSL transform to normalized PMC XML. This output is validated against the
              output DTD and is checked with the StyleChecker. If successfull at all of these steps,
              the article is displayed on a page in PMC display format so that the publisher can
              preview the article. Also, he has a good idea that his article will be ingested into
              PMC with no problems. 

            The Article Previewer requires users to login with a "My NCBI" account [NCBI01] because the
              content stays on the database until the user removes it.

          

        

    
  
  
    Our People

    Finally, there has to be some acknowledgment of the people who work on the project. We
      have a fantastic set of programmers that builds us some very nice software, and we have a good
      group of Content Managers who marshall the content through the workflow and deal with the
      exceptions and communicate with the publishers. But, we have a group in the middle that writes
      and maintains the XSL transforms. 

 		It is not easy to find the right people for this group. Our document conversion writers need to have the strong attention to detail, unending curiosity, and a desire to always find a better way to do things of a good programmer. But, they also need to live in a world where mixed-content does not frightent them. Because we are writing transforms to maintain the meaning and intend of the origingal article, we slip out of the black-and-white prgrammer world into a world of grays. We need to represent the article that was submitted to the archive - and not necessarily the file that was submitted. 

 
 
    A successful PMC document conversion writer lives with a foot in both camps: the world of the wants and desires of the content owners and the rule-driven world of people who build and run large systems. This is not something that is unique to PubMed Central by any means, but it does surprise some people that our group is made up of people who studied English, Art, and Library Sciences rather than Systems Design, COBOL or The DOM.
 
	 
	 Because we work exclusively with documents and document XML, I have found that it is much
      easier to start with a (technically oriented) person with a publishing or printing background
      and teach them how to write a transform than to take a brilliant programmer and teach them how
      to think about documents. 

  
  
    Some Challenges: When Print Goes Away

    There are still a few things that give us problems in PMC. First, because of the rapid
      changes in article publishing since the invention of the Internet, journal publishing models
      have started to change. A business that had a pretty stable model of articles in issues that
      printed and mailed on a periodic schedule has been shifting to publishing on a continuous
      basis - with articles made available online as soon as they are ready and then collected into
      print issues after some time (or not collected and printed at all). 

		Early PMC was created based on the issue model, and we have had to be flexible to handle these changes.

    One thing that we have done to remain flexible here to allow us to deal with this continuous publication model is to be very strict about publication
      dates in articles. Depending on the publication model of a journal, an article may have one
      publication date (for traditional print-based journals) or an article-level publication date
      and a collection-level publication date (for articles that are published online and then
      collected into a print or online issue. volume, or collection. See the essay on
      <pub-date> in the Tagging Guidelines [PMC06].

		
		The rise of the internet has also brought about another "Continuous publication" idea, and that is continuous publication of the same document - or updates to an article. We have not seen too much of this in PMC yet, but we have been preparing ourselves. Each article in the PMC database is assigned an ArticleID and an ArticleInstanceID. Any new version of an article creates a new ArticleInstance, and all ArticleInstances for a given article have the same ArticleID. This allows us to store multiple versions of articles, retrieve the latest (by ArticleID), and to retrieve any version (by ArticleInstanceID). Fortunately, how the Journal Publishers will handle will need to be decided by the Journal Publishers. 

		
		
			Conclusion

			The success we have had at PMC has really been due to a combination of factors including our strictness to upholding the XML models that we use, our flexibility (to a point) that we have with our content providers, the tools that we've put together to make our jobs and the jobs of our content providers easier, and teh fine people we have working on the team. To be fair, it is also nice to have the resources of the National Center for Biotechnology Information and the National Library of Medicine behind us as well as the support of the NIH in general, who have declared that copies of all peer-reviewed articles that report on NIH-funded research must be deposited to PubMed Central and made available within 12 months of the publication date [Beck02]. I have to include that just to be fair.
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            Abstract
Previous literature characterizing XML semantics (Sperberg-McQueen et al. 2000, Renear et al. 2002, Piez 2002) takes reasonably syntactically and semantically plausible
                markup and/or schemas as a starting point. In contrast, for this paper we aim to work
                towards such a schema as an idealized end goal, by characterizing the necessary—
                if not sufficient— semantic constraints that differentiate a schema intended for archival use from nonsense and implausible
                schemas, as well as schemas that fail to sufficiently take semantics into account.
                In addition to the goal of providing a novel approach to the perenially thorny
                problem of XML semantics, we are particularly concerned with the interaction between
                the goals of archival purposes and XML semantics.

        
        Copyright © 2010 by the authors. Licensed under Creative Commons’ attribution, non-commercial, share-alike license (http://creativecommons.org/licenses/by-sa/3.0/).

    
    
        0. Introduction

        In contrast to syntax, which is explicitly (and machine-readably) defined for XML
            documents through use of a schema, XML semantics is notoriously difficult to pin down.
                Sperberg-McQueen, et al. 2000
            takes the approach of describing semantics by defining some of the processes one goes
            through unconsciously when interpreting the semantics of XML: what meaning elements and
            attributes convey, how one makes sense of seemingly conflicting statements, the
            different behavior of distributed and non-distributed features, etc. Renear, et al. 2002 presents the issue of XML
            semantics in its historic context, identifies important aspects of semantics (class
            relationships, feature propagation, context and reference, etc.) that are usually only
            specified in accompanying prose documentation—if at all, and argues for the value of a
            machine-readable representation scheme for markup semantics, which is one of the
            research goals of the BECHAMEL Project. Piez
                2002 takes a more philosophical approach to XML semantics, drawing on the
            work of Ferdinand de Saussure and the Structuralist movement by describing markup as a
            layered sign system. All of these approaches take reasonably syntactically and
            semantically plausible markup and/or schemas as their starting point. In contrast, for this paper we aim to work
            towards such a schema as an idealized end goal, by characterizing the necessary—
            if not sufficient— semantic constraints that differentiate a schema intended for archival use from nonsense and implausible
            schemas, as well as schemas that fa(i.e.,il to sufficiently take semantics into account. In addition to the goal of 
            providing a novel approach to the perenially
            thorny problem of XML semantics, we are particularly concerned with the interaction
            between the goals of archival purposes and XML semantics.

        We argue that for archival purposes, XML semantics are non-trivial - i.e., (1) that
            the problem of XML semantics cannot be reduced to the set of all possible use cases, (2)
            that XML syntax and semantics differ with regard to crucial structural properties, and
            (3) that semantics and syntax impose independent well-formedness constraints on schemas. We examine these properties in the context of a hypothetical long-haul archival situation in which documentation may not have been preserved – and in which the agendas underpinning the original markup may not be easy to reconstruct. In such circumstances, the interpretation of a given XML markup schema will be facilitated by an ability to explicitly delineate plausible markup schemas from non-plausible schemas independent of subject-specific knowledge. 

            With this in mind, we provide a formal semantic characterization of traits found in good (reasonably plausible, as
            contrasted with merely syntactically valid) schemas, and finally propose a set of properties that characterize such schemas in a way that incorporates both semantic and syntactic considerations. We hope
            that specifically considering what semantic characteristics should exclude a schema from
            consideration as a plausible archive standard will indirectly shed light on the nature
            of XML semantics more broadly. However, it is not our goal in this paper to propose an exhaustive treatment of XML semantics – instead, rather to elucidate the bare minimum necessary for a scheme to be plausible. This paper is informed by linguistic methodology in the
            broad sense – i.e., the proposition that a characterization of the bare minimum of “grammaticality” can yield insight of broader interest. In particular, we draw upon notions developed in the modern school of semantics that began with Montague Grammar. As
            such, we hope that some of the developments in the field of linguistics in the last 50
            years, as reflected herein, prove as insightful a lens onto markup as the earlier
            Structuralist school.

    
    
        1. Why semantics?

        The characterization of archive-appropriate schemas necessitates separating "good" (i.e.,
            plausibly useful) schemas from the infinitely large space of valid XML schemas. At any
            given point in time, practical and case-specific evaluations of the utility of a given
            schema should suffice for most purposes. However, long-term preservation also means
            planning for environments in which significant amount of case-specific detail may have
            been lost. Lexical semantics are particularly mutable over time; the description of
            "symbol" provided by TEI, documents the intended significance of a particular
                character or character sequence within a metrical notation, either explicitly or in
                terms of other symbol elements in the same metDecl
            TEI P4 is easier to intuitively grasp given the
            modern English meaning of the word than based on the 15th century usage, meaning "creed,
            summary, religious belief" Online Etymology
                Dictionary. The assumptions underlying research programs are even less
            stable than lexical semantics; the concern with structuralist semantics was superseded
            in the 1960's by the controversial and short-lived generative semantics research program
            which was itself eventually superseded (in the 1980s and onward) by more modern schools
            of semantics, beginning with Montague grammar, that have drawn on techniques of formal
            logic for their basis. An illustrative thought experiment here is to imagine projecting
            markup technologies into the past to be coextensive with literacy. What XML schemas
            would have been created by, for instance: a Greek dramatist, St. Augustine, an early
            medieval Chinese chronicler, and an alchemist? And how would these schemas differ from,
            say, TEI? While a single modern guideline such as TEI may be able to encode the written
            records of this diverse group of individuals in a way that is meaningful to the modern
            scholar, a TEI encoding of these texts informed by modern scholarly interests would not
            only fail to be interoperable with the schemas devised by the original authors, but may
            perhaps not even be comprehensible to them.

        A rich knowledge of the specific situations (intended use, cultural context, concept
            of authorship/citation, etc.)  in which these hypothetical schemas were created would
         ameliorate the situation. However, a goal of long-term preservation standards is to allow a certain
            degree of interoperability without crucial context-specific knowledge. One step in doing
            so is to separate out the relatively small set of plausibly useful schemas from the
            potentially vast space of valid schemas; it is the goal of this paper to outline a way
            of doing so. 

        To illustrate this, we can consider example XML using completely ridiculous schemas
            and some using merely implausible schemas. Examples using completely ridiculous schemas
            are shown below (1-3). In each of these schemas, the permitted content type of each
            element is the actual object, action, or part of specified by the name of the element (i.e.    
            <branch /> can only contain such a protrusion from a
            tree, <simplify /> can only contain the act of
            simplification, etc.)

        
            	
                 the tree-list schema: <trunk /><oak
                        /><maple /><branch />

            

            	
                the command-list schema: <simplify /><eat
                        /><breathe />

            

            	
                the English conjunctions schema: <and /><but
                        /><however />

            

        

        Some structurally similar schemas are intuitively less ridiculous, although also
            implausible. Examples of XML using implausible schemas are given below (4-7).

        
            	
                the word-length schema: <word length="x"/>, where x
                    = # of letters in word

            

            	
                the "broken clock is right twice a day" incorrect word-length schema:
                        <word length="x*sin(n°)"/> where of x = # of
                    letters in the n-th word in the document

            

            	
                the count-words-by-threes schema: <word1 /><word2
                        /><word3 /><word1 /><word2
                        /><word3 /><word1 /> etc...

            

            	
                the conspiracy-theorist schema: <word(n) />
                        <word(n+k)/> <word(n+2k)/>, etc., where n
                    is the n-th word in the text and k is a number imbued with some significance
                    (e.g. 666, 42, (with a few tweaks) a succession of prime numbers, etc...)

            

        

        How, then, to distinguish between the ridiculous, the implausible, and the
            plausible?

        An immediate and intuitive objection to these schemas might be that they can be ruled
            out on the grounds that no one would possibly be interested in them. However, that
            explanation, which can be termed the "practical usability explanation" is not fully
            adequate. First, it is not necessarily clear that this approach would capture the
            difference between the ridiculous and the merely implausible. On a certain level, the
            English conjunctions schema could be thought to be more plausible than the "broken clock
            is right twice a day" incorrect word-length schema, insofar as it is much easier to
            imagine why someone would be interested in conjunctions than in looking at the result of
            multiplying word-length figures by the sine function. However, the English conjunctions
            schema is clearly bad in a way that the "broken clock is right twice a day" incorrect
            word-length schema isn't. Intuitively speaking, we might say that conjunctions are a
            reasonable area of interest, but given an interest in conjunctions, the English
            conjunctions schema is unlikely to be your choice. On the other hand, being interested in
            multiplying word-length figures by the sine function is bizarrely implausible, but if
            for some reason one wanted to do that, the "broken clock is right twice a day" incorrect
            word-length schema would work.

        The "practical usability explanation" is especially problematic in the context of
            archival preservation. Part of the reason why long-term archival preservation of XML is
            a non-trivial task is precisely the fact that it is not always obvious what future
            generations of researchers will find interesting or useful. Furthermore, the
            establishment of practical usability will always to a certain extent be in the eye of
            the beholder. Schemas like our conspiracy-theorist schema could be of potential interest
            - Dan Brown, for instance, could testify to the wide public appeal of conspiracy
            theories. More seriously, debates about intuitive assessments of practical utility are
            unlikely to be a fundamentally productive line of discussion.

	Another possible objection is that by definition XML markup is performed on text. This renders the tree-list schema and the command-list schema impossible insofar as it is a feature of the real world that tree parts and actions are not composed of combinations of characters. While this is a reasonable objection, the degree to which these assertions are based on potentially contestible real-world knowledge is problematic. It may be difficult to imagine a situation in which a sane person would assert that trees are composed out of characters in an ontologically real sense, but one can more easily imagine a lively argument about whether actions can be expressed with words in an ontologically real sense (e.g. performatives). Regardless, this line of reasoning is only applicable with difficulty in a hypothetical long-haul preserval scenario – assumptions about real-world phenomena have been known to change over time.

        What criteria, then, can we use to distinguish ridiculous, implausible, and plausible
            schemas without reference to practical utility or related questions? Syntax could help; an intuitive
            observation about schemas (1) - (7) is that they are structurally flat, an observation
            which leads to the suggestion that more elaborate syntactic structure may be
            characteristic of plausible schemas. While this may be the case, it is also the case
            that equally absurd examples could be constructed to an arbitrary degree of syntactic
            nestedness, and not all flat schemas are absurd (i.e. Dublin Core). This illustrates
            that syntactic considerations are not sufficient to the task at hand. The rest of this
            paper develops a proposal that employs semantics to characterize plausible schemas, as
            opposed to syntactically valid but ridiculous or implausible schemas.

    
    
        2. Syntax-Semantics Mismatches in XML

        A prerequisite to any discussion of XML syntax versus XML semantics is to determine
            whether or not XML syntax and XML semantics are on some level equivalent. If a
            generalization about XML semantics could be restated making reference only to XML
            syntax, this would render any mention of semantics irrelevant. In this section, it is
            shown that there are at least two senses in which syntax and semantics are crucially
            distinct in XML. (A note on representation; in the field of semantics, angled brackets
            are are used to refer to words, while square brackets refer to what the words mean, or
            their denotation. Therefore, in this context, <cat> refers to an element
            that could be employed in a schema, while [[cat]] refers to the furry animal, and <cat> refers to an XML representation. 

        First, XML syntax is strictly hierarchical, but XML semantics does not have to be. An
            example where both syntax and semantics are hierarchal can be seen in paragraph
            structure: <sentence> ∊ <paragraph> (in XML,
                <paragraph><sentence
                /><paragraph>) and [[sentence]] ⊂ [[paragraph]] (a
            sentence is a subset of a paragraph). However, when elements refer to properties that
            are not inherently hierarchical, this is not the case. For instance,
            <damage> ∊ <sentence> but [[damage]] ⊄ [[sentence]] - i.e.,
            the element <damage> may be the parent element for
            <sentence>, but it does not make sense to say that the concept of damage
            is a subset of the concept of sentence. This can be formalized as follows: if the subset
            relationship holds between the denotations of two or more elements (like [[sentence]]
            and [[paragraph]]), let these elements be called semantically hierarchical. If not (like
            [[damage]] and [[sentence]]), then let these elements be called semantically
            non-hierarchical. The semantic hierarchy can be captured by arranging semantically
            hierarchical elements on the semantic levels s, s(1), s(2), ..., s(k) for k levels of
            specificity (proceeding from general to specific) - i.e., the semantic hierarchy
            consists of semantically hierarchical elements, arranged accordingly.

        As an aside, it can be noted that proposals have been made for XML syntax to be
            non-strictly hierarchical in order to accommodate different kinds of structures in a
            document Renear, et al. 1993, which stands in
            contrast to earlier conceptions of a document as containing a single logical hierarchy
            of content objects DeRose, et al. 1990.
            Non-hierarchical syntax involves the use of different (concurrent) structures that may
            overlap with one another but share the same content Chatti, et al 2007.  Syntactic non-hierarchicality applies only to
            interactions between different syntactic levels of the schema (although, in extreme
            cases, such as the Dublin Core, there may only be one level of syntax at all), and does
            not obviate hierarchicality in the semantics. 

        Syntax and semantics also impose independent constraints on the well-formedness of
            schemas (where well-formedness is understood as the property that characterizes
            plausible schemas). The independence of syntactic and semantic constraints are
            illustrated below; again, here the element <every> can only
            contain the concept of every-ness:

        
            	
                good syntax + good semantics: <paragraph><sentence
                        /></paragraph>

            

            	
                bad syntax + good semantics:
                        <paragraph><sentence></paragraph></sentence>

            

            	
                good syntax + bad semantics: <paragraph><every
                        /></paragraph>

            

            	
                bad syntax + bad semantics:
                        <paragraph><every></paragraph></every>

            

        

        These considerations demonstrate that XML syntax and semantics must be analyzed as
            separate domains. The restrictions that hold on valid XML syntax have been well
            documented W3C 2008, whereas the restrictions
            that must hold on the semantics of plausible schemas are less well described.

    
    
        3. Formal Semantics of XML

        
            3.1 Semantic Types

            In this section, we propose that attributes and elements in plausible XML schemas
                must be of type <e, t>, where the notation <e, t> is
                understood as indicating a function from individuals (<e>) onto truth
                values (<t>).[1] This is the semantic type generally postulated to
                characterize common nouns and adjectives in English. For instance, [[dog]] can be
                thought of as the set of all things that are dogs - i.e., a function f from
                individuals (any and all conceivable entities in this world) onto truth values (1 =
                true, 0 = false) such that f(x) = 1 iff [[x]] is a dog. One could object that it
                would be simpler to state this proposal in terms of nouns and adjectives - i.e., to
                propose that attributes and elements should be nouns and adjectives. However, it is
                preferable to state this in terms of semantics, because we need to keep our terms
                straight. "Nouns" and "adjectives" are terms taken from English syntax, which is not
                optimal when what we really want to talk about is XML semantics - i.e., neither
                English nor syntax. This proposal rules out absurd schemas (2) and (3) from the
                introduction, and captures the intuition that attributes and elements should be
                statements about things.

            Beyond the intuitive appeal of this proposal, it can be derived in a bottom-up
                fashion, based only on the assumptions that (1) texts are made up of things, and (2)
                that markup says things about things. Assumption (1) shows that texts are made up of
                basic components of type <e>. Assumption (2) leads directly to a
                semantic type of <e, t> for elements and attributes; i.e., something
                is tagged <paragraph> only if it is true that it is a
                paragraph, modulo whatever definition of paragraph is appropriate in context. A
                formal definition of "tag abuse" can also fall out from assumption (2), i.e., tag
                abuse is the mapping of an individual onto a truth value of zero.  In a situation
                where <ship> is being used to cause some arbitrary text
                (other than a ship name) to be rendered in italics Piez
                    2001, the user has misunderstood that the element
                <ship> is a function that assigns the value 1 to its contents, if and
                only if it is true that the denotation of the contents is a ship. 

            Translated into the terms above, the element <paragraph> is a
                function from individual bits of text onto truth values such that
                <paragraph>(x) = 1 iff [[x]] is a paragraph. Assumptions (1) and (2)
                should be basic for all archival purposes. Denying assumption (2) could lead to the
                emergence of bizarre surrealist schemas, but it seems safe to conclude that ruling
                out such schemas is precisely the goal for developing archival standards. It is not
                clear what denying assumption (1) would even mean ontologically.

                More complicated functions are of course conceivable, but they are the domain
                of the processing language rather than the XML itself. An example of this would be a
                function of the type <<e, t>, <e, t>> -
                i.e., a function that takes one element/attribute and returns another. For instance,
                one such function would take a nested element and return the element one level
                higher.

	    It should be noted that in the above proposal XML schemas are not assumed to be compositional semantically. To some extent, it is an open question whether or not a compositional minimal semantics for XML is a desirable feature. Compositional semantics would inevitably result in a proliferation of types, thereby obviating the proposed distinction between <e, t> elements that belong to XML and other elements that are the domain of the processing language. On the other hand, non-compositional semantics means that the concept of function admissible in XML must be wide enough to include input from outside the local domain of the element. For instance, the attribute lang = "en" must valued by referring to something beyond the string of characters "en". Similarly, an element containing many sub-elements would have to be evaluable in terms of its sub-elements. To a certain extent, it remains to be seen whether non-compositional semantics makes undesirable predictions. Absent such evidence, the more parsimonious option is not to include compositionality as an explicit requirement.
        

        
        
            3.2 Semantic Coherence

            The requirement that attributes and elements in plausible XML schemas be of type
                <e, t> is necessary but not sufficient to the task of ruling in
                plausible schemas while ruling out implausible schemas. To illustrate the point,
                consider the XML in (12) and (13):

            
                	
                    
                        <title /><creator /><subject
                            /><description /><publisher />
                    

                

                	
                    
                        <title /><giraffe /><arsenic
                            /><starvation /><King of France
                            />
                    

                

            

            Example (12) is an excerpt from the well-known Dublin Core schema for marking up
                metadata, while schema (13) is nonsense that satisfies the requirement that
                attributes and elements be of semantic type <e, t>. How, then, to rule
                out (13) as compared to (12)? In this section, we attempt to develop the intuition
                that there exists a real-world object such that the traits [[title]], [[creator]],
                [[subject]], [[description]], and [[publisher]] can be predicated of it or its constituent parts with a truth
                value of 1 (i.e., there exists at least one object that has all of these traits),
                but there is no real-world object such that [[title]], [[giraffe]], [[arsenic]],
                [[starvation]], and [[King of France]] can be predicated of it with a truth value of
                1. As a reminder, the notation [[title]] should be understood as meaning roughly "something that is a title".

            In order to formalize this insight, it is necessary to take a closer look at how
                entities of type <e, t> operate. The denotation of such an entity
                ([[x]] where x is of type <e, t>) is either 1 or 0 (corresponding to
                true or false). Such an entity must give a truth value based on an entity of type
                <e> - i.e., a chunk of text. The only restriction on this process is
                that it be a function, which for these purposes only means that some individual x
                cannot be assigned to both true and false - i.e., it cannot be simultaneously true
                and false that a chunk of text is a paragraph. Within this very wide scope, it is
                possible to distinguish multiple types of functions. Structural-type functions
                assign truth values based on whether or not the individual entity under evaluation
                meets certain structural criteria; i.e., x is a paragraph if and only if x is a
                paragraph. Predicative-type functions assign truth values based on a
                non-definitional but inherent property of the entity under evaluation; i.e., x is in
                German if and only if x is in German (as distinct from being a sentence, a
                paragraph, a word, etc.) Attributive-type functions assign truth values based on a
                non-definitional and non-inherent property of the entity under evaluation - i.e., x
                is the title if and only if x is the title, a bit of information that requires
                specific real-world context to determine.

            With this in mind, we can return to the main topic and provide a more precise
                characterization of semantic coherence. A schema S is said to be semantically
                coherent iff for each element or attribute {a1, a2, a3, ..., an} ∊ S there exists a
                set of entities (of type <e>) {x1, x2, x3, ..., xn} such that
                [[ak(xk)]] = 1 for all e ∊ S. The concrete interpretation of this will vary
                depending on whether the elements or attributes in question are structural,
                predicative, or attributive.  This rules out example 13, because there are no
                real-world objects such that each element could assign those objects to a truth
                condition of 1 simultaneously (i.e. there is no thing that literally consists of or contains a
                title, a giraffe, arsenic, starvation, and the King of France, all at the same
                time.)

        
        
            3.3 Semantic Hierarchies

            At least one more issue must be discussed in order to fully characterize plausible
                schemas. Compare (14) and (15):

            
                	
                    
                        <paragraph><sentence/></paragraph>
                    

                

                	
                    
                        <sentence><paragraph/></sentence>
                    

                

            

            (14) is obviously corresponds to a common schema while (15) is nonsense. Syntax
                cannot help here, nor does it suffice to appeal to the claim that (15) is not
                plausible because it is not plausible. The reason why (15) is not plausible is
                because syntax is conflicting with semantics. In order to get a precise handle on
                this, it is necessary to formalize the notion of semantic hierarchies.

            The semantic representation of an XML tree may be considered to consist of the
                linearly arranged denotations of the elements and attributes present within an XML
                tree. In other words, <element> → [[element]] and
                <attribute> → [[attribute]]. As applied to (14) and (15), this yields
                the following table.

            
                Table 1
                    
                        	
                        	Linear Representation
                        	Hierarchical Representation
                    

                
                
                    
                        	Syntax of (14)
                        	
                            <paragraph><sentence/></paragraph>
                        
                        	
                            <sentence> ∊ <paragraph>
                        
                    

                    
                        	Semantics of (14)
                        	[[paragraph]][[sentence]]
                        	[[sentence]] ⊂ [[paragraph]] 
                    

                    
                        	Syntax of (15)
                        	
                            <sentence><paragraph/></sentence>
                        
                        	
                            <paragraph> ∊ <sentence>
                        
                    

                    
                        	Semantics of (15)
                        	[[sentence]][[paragraph]]
                        	[[sentence]] ⊂ [[paragraph]]
                    

                
            



            Table I gives an indication of what the problem is with (15) - we can freely
                change the syntax of (14), but as much as we change the syntax, we cannot change
                what "paragraph" and "sentence" mean - in particular, we cannot change the fact that
                [[paragraph]] and [[sentence]] are semantically hierarchical. The only remaining
                step is to smooth over the notational discrepancy between hierarchical syntactic
                relationships and hierarchical semantic relationships.

            Below is a formal characterization of semantic hierarchies as conceived more
                abstractly as ordering relationships: given a set of entities E = {e1, e2, e3, ...,
                en}, a hierarchy can be defined as an ordered k-tuple (ei, ej, ek) made up of
                elements of E. An XML schema S is then made up of both syntactic elements/attributes
                and their denotations: S = {<e1>, [[e1], <e2>, [[e2]],
                <e3>, [[e3]], <e4>, [[e4]], ..., <en>,
                [[en]]}. We can then state that any ordering that holds for a syntactic element
                <ek> in S must also hold for its semantic correspondent [[ek]]. If the
                above holds, we may then state that semantic hierarchies respect syntactic
                hierarchies- i.e., while the syntactic and semantic hierarchies don’t need to
                correspond, they can’t be contradictory. This rules out (15).

        
    
    
        4. Some Very Basic Features of Archive Standards

        In this section, we summarize the above points and add some other criteria that must
            be met by plausible archive standards.

        
            	
                Syntax is arbitrarily nested. If the most general level
                    is p, let the more specific levels be denoted by p, p(1), p(2) ..., p(k) for k
                    levels of specificity. It is not necessarily the case that one and only one
                    element correspond to each syntactic level. For instance, it is possible that
                    elements like <sentence> and <metaphor> are on the
                    same level.

            

            	
                
                    Elements and attributes are of semantic type <e,
                        t>.
                

            

            	
                
                    Schemas must be semantically coherent.
                

            

            	
                
                    Syntactic hierarchies must respect semantic hierarchies.
                

            

            	
                Elements and attributes are assigned at the highest possible
                        level. This is an obvious insight that is not trivial to
                    formalize, the insight being that elements and attributes should not be
                    gratuitously repeated[2].Sometimes (in the case of
                    structural elements), this is because to do otherwise would be semantically
                    invalid (i.e.,
                    <paragraph><paragraph></paragraph></paragraph>.)
                    For transitive predicative attributes or elements, it would be redundant (i.e., not
                    everything needs to be redundantly marked for language). Thus, for most elements
                    and attributes, it is sufficient to state that an element or attribute that maps
                    onto t = 1 (true) at level {p + k} maps onto t = 0 (untrue) at level {p + (k -
                    1)}. This will handle structural elements like <paragraph> and
                    predicative attributes like <language>. The situation is more
                    complex with regard to attributive elements and attributes like
                    <metaphor> or <damage>. One can imagine situations in
                    which these elements might occur on two structurally contiguous levels -
                    metaphors within metaphors or damage within damage. Ontologically, the situation
                    could be saved by positing that underlyingly, different metaphors or different
                    types of damage are being denoted. The details of how to formalize this is not
                    entirely clear but would likely capitalize on the intuition that metaphors
                    inside metaphors only work if the two metaphors are different.

            

        

    
    
        5. Conclusion

        Starting our exploration of XML semantics from the perspective of all syntactically
            valid schemas has allowed us to formalize some semantic traits shared by mostly
            widely-used schemas that are easy to overlook, but of great significance when assessing
            how useful a schema might be for archival purposes - and reverse-engineering the interpretation of schemas that have been used for archival purposes, but for which adequate documentation is lacking. This may also have implications for
            ongoing work towards machine-interpretation of XML semantics. If an XML document uses a
            schema that conforms to our proposed archive standards, stronger statements can be made
            about the relationship between the elements in that document. The fact that the
            syntactic hierarchy of elements is compatible with a real-world semantic hierarchy, in
            combination with the other generalizations that we have made about archive-appropriate
            XML semantics, facilitates the development of automatizable processes of analysis, and
            enables developers to bring to bear existing tools used for classifying the real
            world.
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Notes
The use of angled brackets to indicate
                        semantic types is common practice in the field of modern semantics. To avoid
                        inventing a new notation system just for this paper, we adopt the same
                        practice despite the risk of confusion with markup notation. In this paper,
                        <e, t> indicates semantic type, <e> indicates
                        and individual, and <t> indicates a truth
                    value.

View note in Notes section
This is similar to the insight that
                            "distributed properties" (as we classify them, predicative, and some
                            attributive, attributes and elements) are non-countable, i.e, If
                                an element type x marks a distributed property, then any two
                                adjacent x elements may be joined, or one x element may be split:
                                <x>abc</x><x>def</x>
                                means exactly the same thing as
                                <x>abcdef</x>.
                            Sperberg-McQueen, et al.
                                2000
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                        semantic types is common practice in the field of modern semantics. To avoid
                        inventing a new notation system just for this paper, we adopt the same
                        practice despite the risk of confusion with markup notation. In this paper,
                        <e, t> indicates semantic type, <e> indicates
                        and individual, and <t> indicates a truth
                    value.


	[2]This is similar to the insight that
                            "distributed properties" (as we classify them, predicative, and some
                            attributive, attributes and elements) are non-countable, i.e, If
                                an element type x marks a distributed property, then any two
                                adjacent x elements may be joined, or one x element may be split:
                                <x>abc</x><x>def</x>
                                means exactly the same thing as
                                <x>abcdef</x>.
                            Sperberg-McQueen, et al.
                                2000
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      Abstract
Scholarly editions must be used for generations; by nature they require a stable long-term publication format. Some editors have eagerly embraced digital editing and XML, but many more editors remain unconvinced that digital publications can last as long as printed books. Community standards and DTDs for editions have not been widely adopted and editors lack consensus about what a digital edition should be. XML's stability and sustainability is critical to efforts to go beyond “the book,” and to develop new ways of presenting texts and scholarly commentary. To build 21st century editions, we need tools to make XML encoding easier, to encourage collaboration, to exploit social media, and to separate transcriptions of texts from the editorial scholarship applied to them.
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  Scholarly editors have long been invested in the creation of long-lasting and sustainable publications.  Whether they create complex multi-year projects that rely on cooperative teamwork or develop short-term solo projects, editors understand that their work will be consulted for years to come.  The expense of locating, selecting, transcribing, annotating and publishing historical documents could not be maintained if these editions were not built to last.  Editors have developed practices and policies to ensure that their readers can confidently rely upon their versions of important historical manuscripts.  This care has always extended to the stable publication formats editors chose, whether in letterpress or microform.[1] When editors turn to digital publication, sustainability remains of critical importance.

  Scholarly editions are also committed to bringing primary sources to broader audiences. Editors take Thomas Jefferson to heart when he wrote:  “…let us save what remains: not by vaults and locks which fence them from the public eye and use, in consigning them to the waste of time, but by such a multiplication of copies, as shall place them beyond the reach of accident.”[2] By publishing edited works, we take fragile and unique archival manuscripts and make them available in research libraries where scholars and students can access them.  They don't reach everyone. These editions are expensive to purchase and most libraries do not carry complete sets of all of them, but given the technology of the time, printed volumes certainly served to disseminate and preserve historically important materials.  The advent of digital publication challenges editors to expand their reach, to move beyond the ivory towers of research libraries to high schools, town libraries and even to the comfort of private homes.  This monumental expansion of our audience forces us to rethink how we edit documents and how a truly accessible edition should behave.

  Editors have always had to balance costs against their ability to preserve and disseminate documents.  Never has this been a more difficult task than at present, when the cost of creating long-term quality digital editions often prohibits editors from offering them freely to the public.  Digital publishing permits unprecedented access possibilities, but it is a fragile medium that is susceptible to obsolescence. Should we create an edition that is as sustainable as digital text can be, but might not be widely accessible, or should we create a widely accessible edition that might not last a long time?  Neither option is acceptable. The reality of funding for scholarly editing in the 21st century is this: it is difficult enough to raise the funds to create the content of these editions.  Adding the technical specialization needed to render these texts in well-formed XML is beyond the capabilities of many editing projects. Some editors, too,  are reluctant to embrace the notion of providing free and open access to their editions and support the idea of subscription-based for digital editions.  Arguing that their print volumes were never free of charge, many editors seek to generate income to help offset project costs or seek royalties for their intellectual work.  Federal agencies prefer, or in some instances demand, that the editions they fund be produced using XML, but they do not provide sufficient guidance or tools to help editors comply.  After fifteen years of being told that markup is the gold standard for digital publications, we get it.  We know that we need to use XML on our digital texts, but I would say that the best adjective to describe our adoption of XML might be “reluctant.” This is especially true of historical editors as opposed to literary editors.  Few historical editors have embraced digital publication's promise, and most have treated digital publication as an add-on to their central work of publishing volumes.

  Aside from our goals of accessibility and sustainability, digital publication questions some of editing's guiding premises.  I don't believe that many editors, even those working with digital text, have really explored or thought through these issues.  To date, most digital editions still closely resemble the books they are based upon.  As we finish digitizing older publications and begin to construct more and more born-digital editions, we have an opportunity to redefine the edition, the editor and the editing project.  While none of us can peer into a crystal ball and know what is yet to come, I expect that the edition of the 21st century will differ substantially from the editions of the 20th century. 

  The transcription is central to the work of the scholarly editor. Faced with the problem of how to make primary sources useable and accessible in a print world, editors decided to transcribe them.  Publishing paper-based facsimiles was too expensive and while microfilm editions offered images, they could not easily include annotation or much editorial intervention. To render all the complexities of their texts, editors developed typographical mechanisms to record changes of hand or pen, additions, insertions, deletions and margin notes.  Their familiarity with the texts enabled them to read and transcribe difficult handwriting, account for variants of a text and provide historical context that makes the manuscript come alive.  The transcription is the text for most editions, once it is proofread or verified as accurate, it is the center around which the project orbits and if transcriptions are questioned or found wanting, the edition is quickly discredited and disused.[3] As the capability to provide high quality images over the internet has increased dramatically, editors need to grapple with the idea that transcription might have a different role as we move into the future.

  Another agreed upon principle of scholarly editing is that the editor's work should be as unobtrusive and objective as possible, which in part contributes to the edition's long shelf-life.  Despite the fact that selecting texts and drafting annotation can be intensely subjective tasks, editors try to keep interpretation and historical arguments to a minimum.  Our role is to present the most important documents with factual annotation that enables the reader to understand the text and reach his or her own conclusions.  More often than not, the editor who feels compelled to weigh in on current historiography or the controversial issues of the day does so outside the edition, in a journal article,  monograph or biography.[4] At projects that employ more than one editor, the work of each is subsumed into one consistent editorial voice.  We credit editors on the title page, not each portion of the edition that the scholar created. In this way editions are truly collaborative and a rare example of team-based humanities research. As digital scholarship allows up to build larger and more far-flung collaborations, editors need to decide whether that current mode of attribution should be continued.

  Finally, editors agree that because their work is so labor intensive, it must be done well.  It will be a long time before anyone has the opportunity to do the work again.  The existence of a previous published edition on a topic forces the editor to explain  why the existing publication is so flawed that the time and money needs to be expended to redo it. One of the promises of the digital age is the ease of re-purposing objects once they have been digitized. When editors can continually revise and enhance their editions will these projects ever truly end?  Will we develop mechanisms by which we can allow other scholars to try different approaches on our texts?  Will they need our permission?

  Editions are not created in a vacuum.  We rely on more than sixty years of tradition and previous work to guide our steps.  But not all our inspiration comes from the print editions of the past. We are not just content creators, but users of digital resources.  We have seen the work done by archivists, public historians, and digital historians to digitize primary sources and to bring them to new and larger audiences. We also see new ways of researching and collaborating with both experts and the public and we want to try these out in our editions.  Editors need to decide how many of our the tried and true methods still remain valuable, and what aspects of the new technology would be best incorporated into our editions.  Digital historians seek to do more than just enable searches of electronically rendered texts, they want to encourage research and collaboration, to use data mining, visualizations, and other computer-aided tools to analyze texts on a much larger scale than once possible. Sometimes I am not sure that we recognize the power of conducting a simple Google Book search for a string of text—we are searching more than ten million books in a few seconds, a task unthinkable before digital publication.  This kind of computing power can fundamentally change the way we do research as well as how we formulate a feasible research question. The problem that historians will face from this time onward is how to deal with an abundance of sources, not how to overcome a dearth.  So any method that we can develop to help to dice up our editions into smaller useful portions will be valuable.  While digital historians are only small minority of the profession at present, in just a generation or two, all historians will be digital historians.  Editors need to keep an eye on the trends in this emerging field, to educate themselves in the technology, and learn to adapt their editions to meet the needs of this important group of stakeholders.

  Scholarly editors have been hearing about the benefits of markup XML for fifteen years but that does not mean that most are comfortable with the idea.  Again, I am talking primarily about editors of historical documents, rather than those working on literature.  English departments and linguistic scholars adopted markup languages and computer aided text analysis early and have led the way in the development of XML, especially the Text Encoding Initiative guidelines that focuses on humanities texts.  Digital editions like the Women Writers Project, the Whitman Archive, Willa Cather Archive and the William Blake Archive have benefitted from close associations with humanities computing centers to create sites that rely on robust encoding of complex manuscript material.[5]

  Historians have not been as quick to embrace markup language and I am not entirely certain why. We are more reluctant to put the time into mastering XML or the programming languages needed to search and display XML texts effectively.  We balk at the amount of technology we need to learn, seeing time spent on it as time spent away from our documents and our research.  It may also be that XML provides greater immediate benefit for literary research than it does for historical research.  The Willa Cather Archive offers text visualization and analysis tools that enable readers to search for word frequencies, create word clouds and concordances. These are useful tools, to be sure, but not the first ones that a historian might apply to a set of documents.[6] We might prefer to locate all the mentions of a person, organization, place, subject or idea.  We want to find the appropriate documents and study them through close reading.  I think that at some level we resist the idea that a computer could ape the way that we attack documents. If our print editions are any clue, we invest the most time in creating detailed subject indexes that organize the documents into important categories.  While historians are interested in the process of document creation, tracing variants and versions over time, they are more interested in assigning content to the text.  Encoding these contextual relationships are a sort of cross between annotation and indexing, something that might be done slightly differently by each project depending on the interests of an editor or the specific documents being published.  Believing that each of their project's needs and processes to be unique, historical editors have not really united to develop the digital tools that would lead to new ways of looking at texts, either within or across editions.

  We don't have a good model in use today for a sustainable XML edition with which we could develop a shared conception of digital editing.  There are a lot of silo projects that have been developed for specific sets of documents and that are not broad-minded enough to serve all editions.  I think that a lot of these idiosyncratic editions have good ideas, but often do not have sufficient infrastructure to ensure longevity.

  The XML-based edition we are building at the Margaret Sanger Papers is an example of such a specific application.  The Project's focus is on Margaret Sanger, the 20th century American birth control activist.  Our entire archive consists of slightly under 100,000 documents, published on microfilm.  Only about one percent of these documents were selected, transcribed and annotated for our four-volume print edition.[7] For our digital edition, we did not want to repeat the work that we did with our book edition.  Instead we wanted to explore the capabilities of XML encoding, and text searching.  We selected Sanger's articles and speeches, six hundred texts in all, as the best test for digital publication.  Few of these documents were included in our book edition because of their length and the fact that they were somewhat repetitive—the vast majority dealing with some aspect of birth control.  Even though all of them were accessible within the microfilm, they were not searchable in that format. We believed that these documents would best benefit from the ability to search text and the addition of metadata.  We began this project in 2003, but without dedicated funding for it, progress has had to be slow.  The beta site contains about three hundred documents now, searchable by text, date, title, format, publication venue, and by subject.  We worked with staff at New York University's Humanities Computing Group to set up the initial search and display and as we complete the edition we will add additional searches for the names of organizations, people, places, titles of books, and text quoted by Sanger. All these are already tagged in the texts.  Our XML encoding is not as complex as many others I have seen, but we feel that the combined search capabilities of text and metadata offers something different than either our book or microfilm editions.  It does not offer annotation in its classic form, but allows in-depth research of Sanger's ideas, audiences, and changes in her arguments over time.[8]

  Ours is a concise digital edition drawn from a closely connected group of texts that share a common format and purpose.  The content encoding that we have done required an understanding of the texts, knowledge of the references made, and the ability to construct detailed subject entries that provide meaningful intellectual divisions between six hundred documents that might all fall under a handful of Library of Congress Subject Headings.  If we wanted to expand this edition to include correspondence or other kinds of documents, we would have to revise our tagging scheme as well as our display interface.  We could not use a system like this to digitize all one hundred thousand documents in our microfilm edition because it would be too time consuming.  We do not have the staff to carry out transcription and content encoding and index entries for such a large number of documents.  It is not even easy for us to make small adjustments to the edition's design because the editorial staff did not create the programs that search and display the texts.

  Our situation is similar to that of many other projects who don't have access to digital text experts at a humanities text center.  Our original project was encoded using a slightly amended version of the Model Editions Partnership DTD for TEI P4, created with the help of Matthew Zimmerman of NYU's Humanities Computing Group.[9] Sustainability has become a concern for us.  Since our edition began, the TEI has introduced P5 and NYU dissolved it's Humanities Computing group.  What we have right now works, but we need to decide whether to spend the time and money that it will take to update our encoding to comply with TEI P5 or stay with the older version.  If we do choose to migrate to P5, we would need to redevelop our encoding policies, resolve the differences in the texts already encoded, and recreate the search and display interfaces to work with the new encoding.  While these tasks might not be difficult for those who work with TEI, XSLT and PHP every day, for us it will require either raising the funds to hire a programmer, or spending many, many nights laboriously working our way through web tutorials and a small library of the Complete Idiot Guides!

  These kinds of predicaments tempt editors like us, pressed for time, to consider farming out XML encoding to a consultant or their publisher.  There can be a danger in going that way because I don't think that anyone knows better than we do how people can use our texts.  If we don't master XML encoding we won't be able to participate fully in decisions made on how the texts should be tagged, nor will we be able to fully explore the possibilities of digital editing. And I think that we need to always be thinking about how to make better editions, even if it means breaking with some of our traditions.  For example, I think that when we convert a print edition to digital form, we should be describing the manuscripts, not trying to replicate the organization or structure of a specific volume.  When we cling to our older formats, I think that we limit the possibilities for redefining the way we do things with an eye to the capabilities of digital publishing.

  A case in point is the University of Virginia's Rotunda digital imprint.  Rotunda is the fastest growing source for digital historical editions, best known for its ambitious project to digitize the massive multi-volume Founding Era projects, including both volumes previously published in paper and those still to be published.  The Founding Fathers problem offered a “perfect storm” of a test for digital publication.  Their shared geographical, chronological, and subject focus provides a strenuous test of how XML can integrate research not only across volumes, but across editions as well.  The Founders had hundreds of print volumes, only some of which were in any kind of digital form, which meant embarking on a large-scale legacy conversion project, while at the same time creating a workable platform for the continued production of volumes.  Finally, it offered the challenge of developing a way to combine the editor's main access tool—the index—across large collections of volumes and editions.  To date, the combined Founding Era collection includes six editing projects, almost 90,000 discrete documents and almost 850,000 index references.[10]

  Putting the American Founding Era Collection online is a massive undertaking, but one that doesn't really serve as a model for developing new digital editions.  Perhaps because it was led by an academic press, the Collection seems wedded to the idea that readers want to see a digital version of the old print edition.  Yes, it provides text searching across the entire collection, but the organizing principle is not the document, but edition and the volume.  Granted, merging the work of so many different editorial projects is no simple task, as even slight differences in editorial approach or transcription styles can result in unexpected cross-edition search results.  Despite its lush appearance and useful hyperlinks to texts mentioned within each edition, this digital publication still feels very much like using a book, or a series of books, rather than an integrated digital collection.   Some examples:
  

  	Each edition is organized by the original print series and volume.  Documents retain the original print volume's page breaks, rather than that of the manuscripts they describe.


  	Because of the topical overlap in editions, the same document can appear in more than one edition—for example a letter written by George Washington to James Madison will appear both in the Washington Papers and the Madison edition. Though each edition includes its own internal hyperlinks to related texts, there is no link to take the readers between the two versions of an identical text.


  	The text searches that tie together the six editions are rudimentary.  In the body of the texts, XML encoding has been used sparingly, no doubt because of the cost of converting all those back volumes.  When, as often is the case in scholarly editions, a portion of the text is  bracketed to indicate the editor's regularization or uncertainty, the brackets are not removed from the text searches. Thus, if one edition used brackets in a phrase and the other did not, the text search would not find all instances of that document.  Searches also do not always locate variant spellings of the same word, though the Collection does employ stemming.  Most documentary editions use a literal transcription policy that seeks to capture the text as written, with misspellings and abbreviations rendered as is. This isn't usually confusing when read by a human, but it becomes problematic when we rely on a computer to read the text.[11]


  	Consolidated the indexes to multi-volume editions that were published for more than fifty years is a daunting proposition.  Indexing styles change over time and with historiographical trends.  Rotunda has made available consolidated indexes for the Adams, Washington and Jefferson editions thus far.  The indexes are created by coding in hyperlinks from the index to the volume and page number, hence the decision to retain the original pagination.  Right now you can only search one index at a time and it is not clear if there will be an effort to merge them.


   

  Most of the questions raised by the American Founding Era Collection's digitization are ones that every editor would have to address when trying to make the conversion to digital form. It is made that much more complicated by the number of projects and legacy print volumes.  The decision to maintain the organizational structure of the volumes limits the functionality that new volumes of the Founding Era or other editions can have if they want to join Rotunda.  Of the six editions represented in the American Founding Era, only one was “born digital.”  The Dolley Madison Digital Edition, when used as a standalone product presents a more website-like document display.  To the left of the text are links to biographical identifications of names mentioned, keywords assigned to the text, and places mentioned.  Each of these are linked to fuller annotations, short biographical studies and description of the places.  A summary of the document is used on search results pages to help the reader decide which documents to open.  This digital edition doesn't offer the indexing depth found in the Washington, Adams or Madison indexes, but it does provide a more useable and flexible digital text.  When the Dolley Madison Edition is searched as part of the American Founding Era Collection, however, we only see the transcription. None of the annotation is visible.  All the reader gets is a somewhat cryptic link at the bottom of the text that advises the reader to “See this document in the standalone Dolley Madison Digital Edition.”[12]

  I don't mean to be overly critical of Rotunda's American Founding Era project. Rotunda is the only organization even making the attempt to tackle the issue of digitizing legacy editions.  I don't think that Rotunda is claiming to be developing the next generation of digital editions, but because they are actively seeking new projects, their approach has the possibility of becoming a de facto standard for digital editions.  I worry that its very literal approach to these print volumes may inhibit the development of more ambitious digital editions.  Rotunda's light encoding of the texts and its limited search options do not maximize the capabilities of XML encoding.  Rotunda editions are likely to  always resemble print publications.  Neither does it have the capacity to include social media tools that digital humanists and web-savvy readers seek to foster collaboration and reader engagement.  And in order to cover its costs, Rotunda charges a subscription fee for access to the collection.  To be fair,  our small, intensive, and understaffed digital edition doesn't provide a good model either, with little in the way of support staff or capability for migration to newer data formats.

  So where do we go from here? We need to do some hard thinking about how digital editions should look how we can sustain them.  Digital media presents a number of challenges to the way that editors think about their texts and how they prepare them for the public.  Thinking and talking about some of these and trying to see how XML might affect our decisions may help developers to anticipate future needs. 
  

  	Images of manuscripts are now easier to digitize and serve over the web. If editors can link their transcriptions to images of the manuscript, will that change the role of the transcription? How many people really want to see the image?  How many readers really want to see all those strikeouts, additions, false starts and other complications of a text?  While we could provide two different views of a transcription using stylesheets, do we need to do it?  Could most of the people interested in the complexity of the original be served by looking at a good digital image?  Could we then default to a regularized transcription that would be easier to read and more accurate as the base of text searches? Perhaps we can encode a links to the document image in places where the user might want to consult it.  I am sure that some editors and some users would not feel comfortable doing this, but I think that it is an option worthy of a trial.  It might not be appropriate for complex literary editions, but for many historical editions, it might serve well.


  	The idea that once an edition was done it was unlikely to be done again is not a product of the digital age.  Once text is digitized, particularly when using markup like XML, it becomes far easier to re-purpose it, run it through text analysis tools, add new levels of encoding, and open up the possibility that other scholars might find new uses for our old editions.  At some point, a scholar can go back to the American Founding Era Collection and encode those variant spellings, or create a version that ignores brackets when searching.  Someone might even want to try to tackle creating a comprehensive index. The chances of this happening go directly to the question of sustainability;  because these texts were encoded in XML, they should be useable, so long as the scholars are allowed to use them.


  	How will the editor's job as annotator change as more and more materials are made available on the web? In days past, the editors' subject specialization and familiarity with hard-to-find primary and secondary sources ensured high quality annotation. No single scholar could dedicate the hours and years that long-term editing projects do to their subjects. But now, the availability of more and more web-based resources means that many once hard-to-find sources are readily available to the average reader.  Should the editor still summarize a book when he can link directly to it on Google Books?  Do we need to provide a short biographical identification when we can add a link to an entry in the online American National Biography, the individual's obituary in the New York Times, or heaven-forbid, his entry in Wikipedia?  I don't actually think that links can replace all kinds of annotation, but with many kinds of facts easier to find every day, editors should question how they annotate documents. As the digital edition reaches further outside its boundaries for annotation, it may start to resemble a web site more than a book.  With the ability to use the rest of the World Wide Web as linkable resources, will editions begin to resemble an ever expanding “life and times” of the subject, limited only by the questions asked by the researcher, and the paths they choose to take? 


  	Following up on the idea that annotation may change, it strikes me that content encoding might replace at least some annotation and indexing tasks. If instead of spending time annotating, we can use our expertise to encode links to other documents, to names, organizations, and topics,  and spend more time creating in-depth indexing entries, we may be able to provide as good a service to the readers as we now do by conducting annotation research.  All annotation will not go away, but the editor will be freed to focus on the difficult concepts that the average reader might not be able to find for herself.


  	One of the promises of digital publication is that it will make collaboration easier.  One can see that an editing team in the 21st century might not need to reside in the same city or same continent.  Figuring out how we can use cloud computing to construct digital editions, and looking into how we might credit contributions may help attract collaborators that have a skill or specialization we lack. One of the main problems with digital scholarship, especially of a collaborative nature, is the inability to easily cite the works on vitae or resumes. This can dissuade some academics from participating in team-based research as they build tenures portfolios.  Can we develop new systems where portions of the edition are credited, such as translations, annotations and metadata?


  	How will social media networks affect editing and XML?  Web 2.0 tools are increasing in sophistication and enabling large amounts of people from all walks of life to participate in the creation of editions.  One could conceive of a digital edition constructed as a wiki by volunteers who locate, digitize, transcribe,  research, and proofread historical texts.  Such a wikidition could grow either incrementally or exponentially depending on its ease of use, general interest, and word of mouth. If it should become even a hundredth as popular as Wikipedia has, one could see a large and diverse collection of materials taking shape outside of the control of editors and scholars.  Blogging software has been used to present diaries, like that of Samuel Pepys, a site that encourages readers to comment on individual entries or provide more formal annotation in a companion digital encyclopedia.[13] Investigations of the feasibility of using crowd sourcing for transcription and annotation are currently underway at the Papers of the War Department, an image-based digital edition sponsored by  George Mason University.[14] If any of these experiments take off, how will we preserve the digital editions they create?  Can one export a wiki or a blog post into an XML format for long-term preservation?[15] Can we develop XML-capable wikis and blogs that retain their ease of use?


  	Will editors eventually include their project research files and databases in their editions?  Only a small amount of the research conducted by editing projects makes it into the footnotes of their published editions.  Should we share these research files, open up project chronologies, genealogies, image files, and name databases? Should we blog about research queries that come into our offices and about out own research undertaken for the edition?  Should we somehow provide our readers with the experience of working in our editorial offices, where libraries, vertical files, word processing files and databases are all pressed to the service of one topic?  If we do, can we easily convert these kinds of work files to XML, or should we be seeking the development of an XML Office Suite that can handle our ongoing needs and also make them sustainable and accessible in the long haul? 


  

  Will we develop new ways of thinking about documents if we look outside of our traditions and perhaps if we look beyond what XML offers at present?  Looking at other applications like GIS—Geographic Imaging System—for inspiration on how to organize information might be instructive.  It strikes me that the way that a GIS map is constructed, made of discreet layers and kinds of data that can be selected in any combination by the user makes for an interesting model for digital editions.  If the transcription and linked image served as the “map,” with interpretation, annotation, and metadata organized as stand-off encoding many people could share the transcription but be free to add their own interpretative layer.  A letter written by radical anarchist Emma Goldman to Margaret Sanger while Goldman was on a speaking tour in Portland in 1915 would interest both the Sanger and Goldman editing projects.  The Goldman project might focus its annotation on Goldman's doings and ideas, whereas the Sanger editors might see the letter as evidence of Goldman's mentoring role in these years.  Other interested parties could also use the letter, adding their own comments, contextualization, and interpretation to it.  For example a staff member at an Oregon historical society could use the letter in an online exhibit on the radicalism of Portland at the time. He could link the places mentioned to maps or historical photographs of the city.  A genealogist might simply comment on a passing reference to her great-grandfather, adding  a link to her web-based genealogy.  Each of these users of the text would be adding to its meaning in different ways, all of which could enrich a reader's experience of the letter. How can we create this kind of document in a way that allows any user to their annotation, and also allow users to choose to see any combination of these annotations simply by selecting them with a mouse click?

  I don't know if XML can do this, but what I am getting at is that if we don't keep thinking creatively about how we might present these documents, we will end up replicating digital versions of old book editions. If we don't continue to evolve and improve, we run the risk that other kinds of digital publication, perhaps those that are not as long-lasting, will become more popular because they have better functionality.  XML was created to render in digital form the publications and scholarship that we were already producing in print. So it will be good at doing that, and maybe not as good at representing less structured organizations of texts.  That doesn't mean that we shouldn't figure out ways to make XML do what we need it to do, it just means that it might be harder.

  Being that we don't know—we can't know—where digital history and digital editing will go in the years to come, how can we ensure that the work we are doing now will last five years never mind fifty?  Sustainability is the capacity to endure change and if we can say one thing about technology, it is that it is constantly changing. There are a few simple ways to ensure the longest life for our work.  One is to make high quality content.  If the legacy volumes of the Founding Father projects were not seen as a valuable resource, there would be no great effort made to preserve them.  Because they have lasting value, efforts were made and money spent to keep them viable and accessible. The other best practice is to do what you can to make it easy for the next generation to preserve your work.  I don't think we have to promise that it will always last, just so that it will last until the next generation of technology comes along. At that point, if the value of the work isn't there, it won't be preserved. If it is, it should not be that difficult to migrate it.  So don't develop your own markup language, unless you are truly a genius, and if you do make sure to share it with the world.  Pay attention to what the digital humanists of the day are using and advising. If we stick with the educated pack when it comes to data formats, we can reasonably expect that the tools will be there to preserve our work.  In short, that means we should use XML.

  But we are not the only ones with a responsibility for making our tests last.  A big part of determining whether or not a format is sustainable is whether it achieves buy-in from those it seeks to serve.  As I said, most editors know that they need to use XML to create their digital editions, but that doesn't mean they really want to.  We need better tools and encoding environments to win over editors and other content providers.  We need increased and sustained educational offerings and practical examples and templates that can help the most numbers of content providers, whether they be editors, archivists, scholars or students, to put up XML encoded manuscript material, and we need to make available the programs and stylesheets that will make these texts display clearly and will take advantage of the encoding to generate valuable searches.  It behooves us to master XML encoding in order to take a creative part in the development of digital editions.  If we hand XML encoding over to consultants or to or publishers, we are unlikely to get the kind of rich encoding that can substitute for annotation or indexing.

  XML encoding is expensive.  Even well-funded providers like Rotunda do not have the manpower to create in-depth encoding.  It is no surprise that some of the best digital editions are coming out of universities that have dedicated digital humanities centers.  Virginia, Nebraska, and Brown have built expertise and tools in XML encoding that benefits their affiliated projects.  George Mason University's Center for History and New Media has taken a different approach, fostering image-based projects that use their open-source  Omeka software that relies upon a form-based creation of Dublin Core metadata for each object.  The costs of adopting XML for your edition at an institution that is not engaged with digital humanities is high.  Educational opportunities on the web as well as through in-person workshops are wonderful resources, but they don't replace the place of the kind of extended aid one can get from experts or consultants.  Lacking funding to build up a national program of  educational resources on XML, we need to foster more communication among XML users working with digital texts, archives, literature, and museums.  We can learn from each other and share with them the special experience that we have in publishing historical texts in easy to read forms.

  Ultimately, the best thing that we can do to ensure the long-term sustainability of our editions is to engage more fully with XML developers and our colleagues working with similar materials.  Those of us that use XML ought to encourage our peers to become more involved and truly master the capabilities and limitations that the format has to offer. We need to pursue joint projects and consortia to fund this development.  If we can build some simple tools that can get editors started on encoding their manuscript material and displaying it on the web, we will have come a long way towards ensuring that both the XML format and the work of historical editors will be around for the long haul.

Notes
The National Historical Publications and Records Commission mandates that publishers follow archival permanence standards for paper, printing, and binding. (http://www.archives.gov/nhprc/announcement/subvention.html [accessed 28 July 2010]).

View note in Notes section
Thomas Jefferson to Ebenezer Hazard, Feb. 18, 1791 (The Papers of Thomas Jefferson Digital Edition,  ed. Barbara B. Oberg and J. Jefferson Looney. Charlottesville: University of Virginia Press, Rotunda, 2008. (http://rotunda.upress.virginia.edu/founders/TSJN-01-19-02-0059 [accessed 28 Jul 2010]); also published in Main Series, Volume 19 (24 January-31 March 1791).
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See for example, Meghan Marshall, “The Impossible Art of Deciphering Manuscripts,” Slate Feb. 8, 2008 http://www.slate.com/id/2183903 [accessed 28 July 2010]), for the reception given to Robert Faggen's The Notebooks of Robert Frost (Harvard University Press, 2007).
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      Abstract


Product data can be usefully defined as structured information about
objects that are produced by industrial and business processes. In
terms of information types, data formats, usage, and lifespan, product
data is both complex and diverse, encompassing 3D image
modeling information, dimensions, tolerances, and other model
annotations, supplementary material such as test analysis, videos,
datasets, and human-readable documentation. Although the metadata
issues in this problem space present some unique challenges, there are
valuable lessons to be learned from the library metadata and packaging
standards and how they relate to product metadata. Extending the
library standards to represent subsets of information from emerging
product lifecycle management standards could help tame the complexity
of long-term archival of product data.
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    Digital Product Data Archiving Challenges

    

ISO 10303 — also known as STEP (the Standard for the Exchange
of Product Model Data) — defines a product as a thing or substance produced
by a natural or artificial process and product data as a representation of
information about a product in a formal[1] manner suitable for communication,
interpretation, or processing by human beings or by computers.
[iso10303-1] Despite the breadth of what STEP
considers to be a product, product data is overwhelmingly used in
practice to mean structured information about things produced by
industrial or business processes.

    

    

Prior to the digital information age, product geometry was specified
using technical drawings on paper. These drawings were copied using
blueprint and other reproduction methods. [blueprint] The drawings were often archived on microfiche, a
medium which can last as long as 100 or more years. [microfiche] Nowadays many Computer Aided Design (CAD)
systems provide a means for engineers to specify product data through
annotated 3D digital models. Thus the de facto definition of a
product is no longer drawing-based, but rather is model-based.



    

Product data is complex and diverse, both in terms of information
types and in terms of formats. Therefore, it is not surprising that useful
long-term archiving of product data is difficult. Some reasons why are as
follows:



  	
    

Engineers often want the digital models and systems they
build today to be extensible and reusable by subsequent generations of
technologists. This requirement presents a challenge as a digital product
model may have a longer lifespan than the data formats, application
software and computing platforms used to create the model.

    

  

  	
    

Archived digital product models should be semantically rich enough to
address long-term socio-technical concerns such as forensics (accident
and incident investigation) and environmental issues (carbon
footprint, disposal). For example, the former might require
representation of the rationale behind design decisions, while the
latter might require a product model highlighting any hazardous substances
needed to build a part.

    

  

  	
    

Although content information standards such as STEP are a critical
ingredient for long term archiving, not all relevant content
information can be made available using standards. Standards' representational capabilities sometimes
lag behind those of information models implemented in commercial software, as
vendors are constantly adding new enhancements to distinguish their
offerings from the competition. Thus content information may use a mix
of standard and proprietary formats.

    

  

  	
    

Data accuracy is required for product quality and
manufacturability. A small anomaly in an
engineering design can have great economic and social consequences
throughout a product’s lifecycle. The verification and validation of
engineering data requires complex computations.

    

  

  	
    

There are many different data types such as product models, geometry,
and simulation data such as finite element models. In addition, there may be
associated documentation, multimedia, and other information – leading
to a variety of different digital formats. Not only do all these data
types and formats need to be transparent, but the relationships
between the information units that are part of these data types must
also be made explicit. Digital formats can include neutral exchange
standards such as STEP, 3D visualization formats, office document
formats, and proprietary modeling formats.

    

  



  

Product Manufacturing Information (PMI) is a particularly critical
constituent of product data. Loosely defined, PMI can include any sort
of information defining a product’s components for manufacturing,
inspection and sustainment. PMI includes geometric dimensions and
tolerances (GD&T) specified in a formal language whose syntax and
semantics are defined in several American Society of Mechanical
Engineers (ASME) and ISO standards. PMI is essential to product
data. Manufacturing cannot take place without it. Today's CAD systems
must support not only the ability to edit and display PMI, but also
must be able to feed GD&T semantics to computer-aided
manufacturing (CAM) systems and other downstream applications. [srinivasan]

  

    [image: 3D visualization of a bracket part with PMI, displayed in Adobe Reader. Mention of commercial products or services in this paper does not imply approval or endorsement by NIST, nor does it imply that such products or services are necessarily the best available for the purpose.]
	
      
Figure 1.3D visualization of a bracket part with PMI, displayed
	in Adobe Reader. [2]
	




As an example of product data consider Figure 1,
a screen shot of a 3D visualization of a bracket part created from a
digital 3D model developed with a CAD system.
There are several points worth mentioning about this example.



  	
    

The visualization can be rotated and otherwise manipulated to maximize
understanding by humans. However, it is not intended for exchange
between CAD systems. It
complements rather than replaces the original CAD model.

    

  

  	
    

The image has PMI callouts, using the standard syntax to specify
GD&T annotations. Even though the visualization lacks the full
semantics of the original CAD model, it is helpful in
communicating how to manufacture the part — arguably more so
than an annotated 2D drawing would be.

    

  

  	
    

The callout at the top of the figure is unstructured text. This is
also part of the product data. In fact, product data can include
arbitrary attachments such as spreadsheets containing analysis
results, video data, and other associated information relevant to the
product. These attachments are important and need to be managed and monitored, even if CAD and CAM systems do not understand
their data formats.

    

  



    

Manufacturers recognize the need for long-term archiving of digital
product data and the challenges associated with doing so. As a result,
industry-led standardization efforts are beginning to emerge. The most
prominent and farthest along of these is LOTAR (LOng Term ARchiving),
a suite of standards being developed by an international consortium of
aerospace companies. [lotar] LOTAR's approach is
based upon the Open Archival Information System (OAIS) reference model
[oais], a framework widely adopted by archivists and
preservationists. LOTAR favors the use of STEP in the archival
process while recognizing the reality that a mix of product data
archival formats must be supported.

    

    

Of course the need for archiving information is not unique to product
manufacturers, but in fact applies to many disciplines. For
instance, those of us working in archival of digital products can
learn much from librarians. They were among the first to embrace OAIS
and have implemented numerous tools and standards for digital archives
and repositories. In particular, they have long recognized the
importance of metadata. Metadata is an information retrieval system's
lifeblood. The choice and quality of metadata has a major impact not
only on delivery of data, but also on long-term preservation of that
data. [gartner] Librarians understand this well and, in fact, have
standardized a multitude of metadata vocabularies, many of them based
on the Extensible Markup Language (XML). [xml]

    

    

Similarly, this paper takes a metadata-centric approach to product data
archiving. The Engineering-specific Metadata Requirements for Long-term Archiving discusses metadata requirements
unique to long-term product data access and how these requirements fit
into the framework of OAIS. The Metadata Vocabularies in the Library and Product Data Worlds gives an
overview of digital library metadata vocabularies and contrasts them
with two metadata standards from the world of product data. The Summary and Moving Forward provides some closing remarks and
suggestions for future work.

    

  
  
    Engineering-specific Metadata Requirements for Long-term
    Archiving

    

The linchpin of the OAIS reference model is the information
package, an object containing content (e.g., product model
data) along with the metadata needed to adequately interpret,
preserve, maintain, and access the content. OAIS provides a taxonomy
of metadata types used with information packages. In this paper I
consider the three OAIS metadata types most widely implemented in XML:



  	
    Preservation Description Information (PDI): enables
    adequate preservation of content (includes chain of
    custody, identification, authentication, and contextual
    metadata)

  

  	
    Packaging Information: aggregates and identifies the
    constituents of an Information Package

  

  	
    Descriptive Information (DI): supports the
    search and retrieval of archived information

  




Among these metadata types, DI (also called descriptive
metadata) is most closely connected with enabling and
facilitating access to archived data. DI is more domain-sensitive than
PDI or packaging information in that a DI schema for product data is
likely to look very different from a DI schema for library holdings or
archived emails. Because DI is domain-sensitive, and enabling efficient access to archived product
data is so important, this section focuses on product model-specific DI
requirements.  The Metadata Vocabularies in the Library and Product Data Worlds discusses existing
metadata vocabularies for all three types.

    

    

In the following subsections I discuss in depth some factors that
determine descriptive product model metadata. I first present a
classification of types of engineering data archive access I call the
3Rs. [lubell] I then discuss the
multitude, complexity, and evolution of digital formats for product
model data. Finally, I discuss the mismatch between standards and
implementations. 

    

    
      Product Models and the 3Rs: Reference,
      Reuse, and Rationale


    

A key challenge in long-term archiving is ensuring that information be
available in the best form for whatever access scenarios the future
might bring. This is particularly true for product data.
When validating engineering knowledge, it is crucial to be able to
replicate the intended behavior of a designed artifact. Successful
validation requires that the information be available in forms
sufficiently supporting retrieval and reuse. The need to know a
designer’s intent becomes important in the context of redesign and
reuse of existing parts. Another important aspect of engineering
archiving is the ability to store the digital objects at different
levels of granularity and abstractions as required by design
decision making tasks. Without the ability to compose different
digital objects for archiving, it would not be possible to maintain
the ability to encode rationale or reuse-based access needs.

    

    

I therefore consider end-user needs from the point of view of
reference, reuse, and rationale – the 3Rs – to better understand the
level of granularity and abstractions required in the definition of
digital objects. By end user, I mean entities who are consumers of
OAIS information packages.

    

    

The 3Rs – reference, reuse, and rationale – define a set of access
capabilities for a designated community. Reference, the most elementary type of access,
is the ability to read the digital object and produce the digital
object for proper reproduction in a given display medium (computer
display, paper, etc.). Reuse is the
ability to refer to and modify the digital object in an appropriate
system environment (software and hardware). Rationale is the highest level of access in
which the end user should be able to refer, reuse, and explain the
decisions about the content of the digital object. The need to know a
designer’s intent becomes important in the context of redesign and
reuse of existing parts.

    

    

The primary driver for the 3Rs is the specific retrieval needs of each
of these scenarios. For example, a product data repository intended
primarily for reference may need to be organized differently than one
intended for reuse, where not only the geometric aspects of the
product are sought but also additional information regarding
manufacturing, performance requirements, assembly, and other aspects. In a
similar vein, rationale may require content being organized in a different manner to support the inclusion of requirements information along with
other performance data on the part or the assembly. Given the range of
uses and perspectives of the end users, their needs will have a large
impact on the process of archiving and retrieval.

    

    
    
      Variety of Formats


      

As discussed in the Digital Product Data Archiving Challenges, many formats are used to
represent product model data. Some are native to a specific software
application. Others are neutral with respect to software
applications. Some are proprietary. Others are open or
standards-based. The selection of the product model data format
depends upon factors such as the type of data defined in the product
model, design stage, and the availability of translators. Because an
archive must capture all of the data required to completely define the
product and associated processes, the archive may need a variety of
data formats, possibly causing redundancies. Good metadata is
essential for helping consumers evaluate the quality of data accessed
from the archive.

      

      

Native formats are typically binary, proprietary, and have a
specification not available to the general public. In spite of
long-term access concerns, archiving the native data is done as a
matter of course because it has such a small impact on resources and
because it is universally accepted as a good system management
practice. [kassel] STEP provides an open alternative
to native formats for long-term retention of product
information. Because STEP is an international standard developed by
consensus, it is less subject to change than a proprietary format.

      

      

STEP application protocols (APs) specify information models for a
specific engineering domain. STEP physical files (informally known as
Part 21 files or STEP files) use an ASCII format defined in ISO
10303-21. [iso10303-21] A STEP processor can be any
software application capable of interpreting and/or generating STEP
physical files, for example a computer-aided design (CAD) tool capable
of importing and exporting STEP files, or a visualization tool that
can import STEP data. The objects represented and exchanged using
STEP, as well as the associations between these objects, are defined
in schemas written in EXPRESS (ISO 10303-11) [iso10303-11], a product data information modeling
language. Recognizing the popularity of XML as an implementation
method, the developers of STEP later standardized Part 28 [iso10303-28], specifying an alternative representation of
STEP schemas and data using XML.

      

    
    
      Mismatch Between Standards and Implementations


      

Although open non-proprietary standardized formats are desirable for
long-term data retention, even information represented using
standards-based methods is subject to format change. For example,
consider a long-term archival scenario from the domain of shipbuilding
[kassel] attempting to maximize the use of STEP to
represent detail design product model data.

      

      

Although there are STEP APs that define information models well-tailored to the
ship domain, these APs have not yet been implemented in commercial
off-the-shelf software. Other APs such as AP203
(configuration controlled 3D design) and AP214 (core data for
automotive mechanical design processes) are supported by today’s CAD
software applications, but the information models of these APs cannot represent
some concepts specific to shipbuilding. So how might ship data be archived, given this
imperfect state of affairs? Initially, the data is created in a native
format, and the neutral file format is selected as a function of the
quality of the available translators. If the desired translators are
not available, a compromise is made in order to allow the data to be
accessible to the applications used during a specific design
phase where access to this neutrally represented data is required. The evolution from this point forward could be as follows.

      

      

First, geometry is exchanged using any means possible, but most
likely using AP214 or AP203. The non-graphical data can be extracted
separately and saved in a project-specific XML format. The XML often
contains only basic product structure, enabling minimal
exchange of geometric data, graphics, and basic properties. It also has the
greatest potential for minimizing the dependency on a particular CAD
vendor. 

      

      

A more desirable long-term solution would be for the product model
software supplier to implement AP239 (the Product Life Cycle Support (PLCS)
standard) [plcs] to define product structure, the
relationships between objects, and reference data libraries to define
an extensible set of properties. The Product Data and Lifecycle Management
discusses PLCS in further detail.

      

      

Assuming future vendor support, the ideal long-term solution would be
to employ implementations of AP214 for general purpose geometry and
PLCS for configuration management and product structure. This approach would be further enhanced by defining application-specific product model data using APs with a more
specific scope, such as the shipbuilding APs.

      

      

In summary, even with a policy favoring STEP for representing product
information, the detail design data may manifest itself in many
different formats, each conforming to a different AP, or in some
cases not conforming to STEP at all. Over the life of the product,
format choices will evolve as a function of the product model
complexity, the quality of the translators, and the evolution of the
standard itself. Therefore, the goal of a single standard to represent
product model data may not be realistic, and we should be prepared to
encounter multiple formats over the lifecycle of a product.

      

    
  
  
    Metadata Vocabularies in the Library and Product Data
    Worlds

    

So far I have discussed product data's diversity and complexity, the
importance of metadata in archival systems in general, and why
Descriptive Information (DI)
in particular is key to ensuring the long-term usability of product
data. Now I attempt to answer two questions:



  	
    How should we go about defining metadata vocabularies needed for
    product data archival information systems?

  

  	
    Can the metadata vocabularies developed for digital
    libraries help?

  



    
      Digital Library Metadata Standards

    

I begin by addressing the second question, surveying some of the more
widely adopted XML-based metadata vocabularies for digital
libraries. The Metadata Encoding and Transmission Standard (METS)
[mets] specifies an XML schema [xsd] for encoding packaging information and is extensible
such that other vocabularies can be incorporated for encoding PDI and
DI. METS Profiles, detailed and unambiguous descriptions of classes of
METS instances, are used to document METS schema extensions and
customizations. The PREMIS (Preservation Metadata: Implementation Strategies) data dictionary and XML schema
[premis] define a vocabulary suitable for
representing PDI. METS and PREMIS are often combined to create a more expressive schema, though there are some inconsistencies and overlaps. [guenther] Dublin Core (DC) [dc] and the Metadata Object Description Schema (MODS)
[mods] are both vocabularies for descriptive
metadata and are easy to integrate with METS. MODS offers more
precision than DC, but DC is more widely used. [gartner]

    

    

An additional advantage of DC is that it is encoded using the Resource
Description Framework (RDF). [rdf] RDF's simple,
modular data model facilitates extensions to DC. The wide variety of
software tools available for RDF can be used to edit, process, and
query DC metadata. Most important, it is easy to merge and harmonize
RDF metadata from heterogeneous sources. The importance of this last
benefit will become clearer later on in this paper.

    

    

Given the variety and widespread adoption of digital library metadata
vocabularies, it would seem that these vocabularies could be helpful
for encoding the packaging information, PDI, and DI needed for a
product data information package. But there is one big caveat, and
this is that the DI requirements for product data archives differ
significantly from those of digital libraries, as previously discussed
in the Engineering-specific Metadata Requirements for Long-term Archiving. Not surprisingly, product data-specific
distinctions such as the 3Rs, product model evolution, and changing
data formats are outside the scope of the digital library metadata
standards.

    

    

In the next subsections, I will try to answer the first
question by looking at two potential metadata sources unique to the
world of product data: technical data packages (TDPs) and product data
and lifecycle management (PDM/PLM) information. A TDP defines and aggregates the
information objects needed to support a specific activity in a
product's lifecycle, and is analogous to OAIS packaging
information. PDM/PLM information is highly detailed metadata used to
integrate people, data, processes, and business systems and
provide a product information backbone for companies and their
extended enterprise. [plm]

    

    [image: Metadata sources for OAIS Information Packages in the digital library world versus the product data world.]
	
      
Figure 2.Metadata sources for OAIS Information Packages in the
	digital library world versus the product data world.
	


    

But first let us review our discussion so far regarding OAIS and
metadata. As shown in Figure 2, an OAIS
information package is a container bound via packaging information,
inside of which is content as well as PDI providing the administrative
metadata needed for long-term preservation of the content. DI is
domain-sensitive metadata used to facilitate information retrieval
from the archive.  XML metadata standards for digital libraries (shown
as hexagons) provide vocabularies for representing packaging
information, PDI, and DI. However, the digital library vocabularies
for DI do not address product data-specific retrieval concerns.

    

    
    
      Technical Data Packages

      

The United States Department of Defense defines a Technical Data Package (TDP) as follows in
MID-STD-31000 [tdp]: 
A technical
description of an item adequate for supporting an acquisition
strategy, production, and engineering and logistics support. The
description defines the required design configuration or performance
requirements, and procedures required to ensure adequacy of item
performance. It consists of applicable technical data such as models,
drawings, associated lists, specifications, standards, performance
requirements, quality assurance provisions, software documentation and
packaging details.

 As the MIL-STD-31000 options
selection worksheet in Figure 3 shows, a TDP provides
packaging and administrative information as well as some DI such as
whether the product model data is conceptual, a more detailed design,
or sufficient for manufacturing (e.g., box 1.A.).

      

    [image: Technical Data Package option selection worksheet from MIL-STD-31000.]
	
      
Figure 3.Technical Data Package option selection worksheet from
	MIL-STD-31000.


      

The options selection worksheet and accompanying instructions in
MIL-STD-31000 imply a schema for TDP metadata. Instances of the
implicit schema can be thought of as contracts between various parties
in a product's lifecycle specifying the TDP contents needed for the
lifecycle activity. The TDP metadata and contents vary depending on
the activity, actors, and lifecycle stage. For example, consider a TDP
supporting procurement by an aircraft manufacturer of a jet engine
from a tier 1 supplier versus a TDP supporting maintenance of the
aircraft. The procurement TDP might require a 3D model (or
visualization) specifying PMI needed for the supplier to manufacture a
jet engine compatible with the aircraft design. The TDP supporting
maintenance, on the other hand, might require technical manuals and
troubleshooting documentation.

      

    

From an OAIS viewpoint, a TDP is an information package that may
contain any
content and metadata necessary for a product to be designed,
manufactured, purchased and/or maintained. Recalling Figure 2, the library metadata standards
collectively can represent much of an information package's metadata. But can
these standards also represent TDP metadata? To answer this question,
consider the following four top-level elements of the METS
schema. <dmdSec> defines an information package's DI (represented with
embedded Dublin Core or MODS). <admSec> defines the information
package's PDI (with embedded PREMIS markup). <fileSec> specifies the
locations and grouping of files comprising the information
package. <structMap> defines the information package's lexical
structure and relates it to the files in <fileSec>.

    

    

Now consider the TDP option selection worksheet in Figure 3. Table 1 shows how the
numbered sections of the worksheet could map into the top-level METS
elements. The table is a first step toward demonstrating the
feasibility of using library standards to encode TDP metadata. As
mentioned in the Engineering-specific Metadata Requirements for Long-term Archiving, DI is the most
domain-sensitive component of information package metadata. Looking at
the TDP metadata, it indeed seems to be true that the DI (e.g.,
TDP level, applicability of PMI standards) is more unique to product
data and more challenging to encode using library standards than the
non-DI metadata (e.g., CAGE codes, document numbers).

    

    
      Table 1Possible mapping of TDP metadata to top-level
      METS elements.


	
	  	METS section
	  	TDP metadata
	

      
      
	
	  	Descriptive Metadata (<dmdSec>)
	  	TDP Level, Drawing Formats, Applicability of Standards
	

	
	  	Administrative Metadata (<admSec>)
	  	Type and Format, CAGE Code[3] and Document Numbers
	

	
	  	File Section (<fileSec>)
	  	[locations of required TDP elements and associated lists]
	

	
	  	Structural Map (<structMap>)
	  	TDP Elements Required, Associated List
	

      
    



    

Given the preceding discussion, it stands to reason that success using
the library standards approach to represent TDP metadata hinges on
being able to extend library DI standards (MODS or Dublin Core) such
that they can be used within a METS instance to specify TDP
descriptive metadata. Because Dublin Core is encoded in RDF and has
provisions for defining application profiles (context-specific
extensions to the basic DC metadata terms) [dcap],
it appears to be the strongest candidate for representing TDP DI.
Thus the discussion in this section suggests that using METS and
Dublin Core is a promising approach for
encoding a TDP in a manner interoperable with digital repository
frameworks and other software applications supporting library metadata
standards. By creating TDP-specific application profiles for METS and
Dublin Core, these standards can represent
the TDP metadata elements specified in MIL-STD-31000.

    

  
  
      Product Data and Lifecycle Management

      

Product Data Management systems have evolved over the years from
simple file managers for engineering drawings into complex software
suites satisfying a wide variety of functions. Currently supported
capabilities include version control of product models,
management of design modifications, and management of engineering and
business processes. A thorough discussion of PDM systems would require
a paper all its own, and those who wish to learn more are encouraged
to read Srinivasan's chapter in Advanced Design and
Manufacturing Based on STEP [srinivasan] for a detailed introduction to
PDM and PDM standards. Suffice it to say that the information used in
PDM systems is essentially product metadata. Because of the
complexities of product data, PDM systems must provide very rich
vocabularies for describing parts, people, resources, documents,
activities, and other entities involved in the design, manufacturing,
and support of products.

      

      

Since PDM is such an integral part of product development, STEP not
only supports the exchange of 3D product geometry and PMI but also
supports the exchange of PDM information as well. Ongoing growth of the
capabilities of PDM systems has resulted in the emergence of newer
standards that build upon the STEP information model for PDM. The
newest of these standards is the Product Lifecycle Support (PLCS)
suite of data exchange specifications [plcs] from
the Organization for the Advancement of Structured Information
Standards (OASIS) and based on STEP AP239.

      

      

PLCS has a number of appealing characteristics as a source of DI for
product data: 

	
  

Its scope covers the entire product lifecycle, including later stages
such as maintenance and disposal. Therefore, PLCS can represent
product metadata for a wide variety of access scenarios spanning the
3Rs (discussed in Product Models and the 3Rs: Reference, Reuse, and Rationale).

  



	
  

PLCS embraces implementation technologies popular with software
developers such as XML and semantic technologies based on RDF.

  



	
  

PLCS has a Reference Data Library (RDL), a managed collection of
classes and individuals defining an extensible controlled vocabulary
for representing business-specific concepts. The RDL is encoded in the
the Web Ontology Language (OWL) [owl]. Because the
RDL is an OWL ontology, it can be browsed, queried, and processed
using the many software tools developed for the semantic web.

      





      

Figure 4 shows the reference data class representing a
CAGE code, its ancestors, and its siblings. PLCS models
CAGE_code and its siblings (DUNS_code and
NCAGE_code) as subclasses of
Organization_identification_code, which is a subclass of
Identification_code, which in turn is a subclass of
Identifier_type. To keep the size of the example
manageable, Figure 4 hides the numerous siblings of
Identification_code and of
Identifier_type. This example illustrates only a tiny
subset of PLCS. The standard RDL contains hundreds of classes and
covers a wide variety of PDM/PLM concepts such as assemblies,
bills of material, work breakdown structures, maintenance procedures
and more. And the RDL continues to grow as new PLCS data exchange
specifications get standardized.

      

      [image: Portion of the PLCS RDL showing CAGE_code, its ancestors, and its siblings.]
	  
	
Figure 4.Portion of the PLCS RDL showing CAGE_code, its
	  ancestors, and its siblings.
	  


      

The PLCS RDL provides a comprehensive and fine-grained source
of product metadata. But DI need only be sufficient for facilitating
access to an archival information system. Therefore DI should be
coarser-grained and less encompassing than PLCS. The good news is
that, thanks to the RDL being encoded in OWL — a language built
upon RDF — reference data subsets can easily be extracted and
combined with DI represented using Dublin Core. The challenge is
determining the subsets to extract. Analysis of access use cases
similar to those discussed in Engineering-specific Metadata Requirements for Long-term Archiving can guide the
selection of the RDL subsets. 

      

    
  
  
    Summary and Moving Forward

    

In this paper, I explained why it is difficult to archive product data,
discussing requirements and challenges unique to engineering. Next, I
surveyed some of the more widely used metadata standards from the
digital library community and argued that, although they could be
useful in a product data archival system, they need augmentation in
order to represent product data Descriptive Information. I then
discussed two sources of product metadata — the options
selection worksheet for Technical Data Packages and the PLCS Reference
Data Library. While TDP metadata is of a top-down nature and maps well
to METS, the PLCS RDL is extremely detailed and is more
bottom-up. However, useful DI should be extractable from the RDL by
considering potential long-term access scenarios. This RDL subset 
can then serve to enrich the more generic Dublin Core metadata terms
standardized by Dublin Core Metadata Initiative. [dcmi]

    

    

The next step is to test the effectiveness of these ideas by developing
a METS profile for TDPs and implementing a product data ingest and
access prototype. The prototype should support one or more access
scenarios, with the scenario's data requirements determining the subset to be
extracted from the RDL. The METS descriptive metadata (<dmdSec>) section
should contain RDF-encoded Dublin Core combined with the RDL subset,
using semantic technologies to merge and harmonize the 
information. If successful, the METS profile and prototype implementation
could benefit developers and implementers of product data archival standards.
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Notes
The authors of
STEP do not give an explicit definition for
formal. However, based on their usage of the word
throughout the standard, it seems formal is intended to
mean unambiguous and adequate for specifying an
implementation.

View note in Notes section


Mention of commercial products or services in this paper does not
imply approval or endorsement by NIST, nor does it imply that such
products or services are necessarily the best available for the
purpose.



View note in Notes section
A CAGE
	  (Commercial and Government Entity) code, as defined in
	  MIL-STD-31000, is a five character identifier assigned to
	  vendors doing business with the
	  Government.

View note in Notes section

	[1]The authors of
STEP do not give an explicit definition for
formal. However, based on their usage of the word
throughout the standard, it seems formal is intended to
mean unambiguous and adequate for specifying an
implementation.


	[2]

Mention of commercial products or services in this paper does not
imply approval or endorsement by NIST, nor does it imply that such
products or services are necessarily the best available for the
purpose.




	[3]A CAGE
	  (Commercial and Government Entity) code, as defined in
	  MIL-STD-31000, is a five character identifier assigned to
	  vendors doing business with the
	  Government.
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        The Problem Space: A Cautionary Prologue

        On September 5 1977, NASA launched the Voyager 1 satellite. Voyager 1 followed its previously-launched twin, Voyager 2, on a fly-by photo shoot of Jupiter, Saturn, Uranus, and Neptune, before heading past the heliosphere, into interstellar space.

        Nestled inside each satellite is a copy of the “Golden Record”. NASA b18 describes the Golden Record as 
            

                a kind of time capsule, intended to communicate a story of our world to extraterrestrials. The Voyager message is carried by a phonograph record-a 12-inch gold-plated copper disk containing sounds and images selected to portray the diversity of life and culture on Earth. The contents of the record were selected for NASA by a committee chaired by Carl Sagan of Cornell University, et. al. Dr. Sagan and his associates assembled 115 images and a variety of natural sounds, such as those made by surf, wind and thunder, birds, whales, and other animals. To this they added musical selections from different cultures and eras, and spoken greetings from Earth-people in fifty-five languages, and printed messages from President Carter and U.N. Secretary General Waldheim. Each record is encased in a protective aluminum jacket, together with a cartridge and a needle. Instructions, in symbolic language, explain the origin of the spacecraft and indicate how the record is to be played. The 115 images are encoded in analog form. The remainder of the record is in audio, designed to be played at 16-2/3 revolutions per minute. It contains the spoken greetings, beginning with Akkadian, which was spoken in Sumer about six thousand years ago, and ending with Wu, a modern Chinese dialect. Following the section on the sounds of Earth, there is an eclectic 90-minute selection of music, including both Eastern and Western classics and a variety of ethnic music.

            

        Here is what the recording cover looks like: 
[image: The Golden Record (Courtesy NASA/JPL-Caltech)]
                    
                
Figure 1.The Golden Record (Courtesy
                        NASA/JPL-Caltech)
                    [b18] NASA/JPL, “Voyager The Interstellar Mission: The Golden Record”, available at http://voyager.jpl.nasa.gov/spacecraft/goldenrec.html (accessed 20 June 2010
        Conveniently for us (but, sadly, not for any interstellar anthropologist who might encounter the Golden Record in its flight), NASA provides a key for interpreting the images on the record cover: 
            
[image: Explanation of the Golden Record (Courtesy NASA/JPL-Caltech)]
                    
                
Figure 2.Explanation of the Golden Record (Courtesy
                        NASA/JPL-Caltech)
                    [b24] NASA/JPL, “Voyager The Interstellar Mission: The Golden Record: Explanation”, available at http://voyager.jpl.nasa.gov/spacecraft/goldenrec1.html (accesse
        In addition to the technical metadata that is provided to explain how to decode the Golden Record, an interesting indicator of provenance b24 is also embedded in the package: 
            

                Electroplated onto the record's cover is an ultra-pure source of uranium-238 with a radioactivity of about 0.00026 microcuries. The steady decay of the uranium source into its daughter isotopes makes it a kind of radioactive clock.  Half of the uranium-238 will decay in 4.51 billion years. Thus, by examining this two-centimeter diameter area on the record plate and measuring the amount of daughter elements to the remaining uranium-238, an extraterrestrial recipient of the Voyager spacecraft could calculate the time elapsed since a spot of uranium was placed aboard the spacecraft. This should be a check on the epoch of launch, which is also described by the pulsar map on the record cover.

            

        At a distance of nearly 33 years and over 10 billion miles b16, how do we assess this attempt at interoperability with the future (not to say with future curious alien intelligences) of this space-age would-be Rosetta Stone?

        Well, on the plus side: What we have here is an artifact that includes self-describing technical metadata; whose physical medium was constructed with an eye toward viability and fixity in the punishing environment of interstellar space; that contains physical and logical indicators of authenticity; that comes provided with instruments to render its contents; and that provides what are intended as (literally) universally comprehensible directions for interpretation of the information embedded in this artifact.

        Viability (I can retrieve the bits from the medium), fixity (The bits you sent are the bits I am retrieving), authenticity (I am what I purport to be), interpretability (How are these bits organized), renderability (How do these organized bits become comprehensible to me): this sounds exactly like the enumeration of those characteristics that make a digital object usable over time (b01,b03). And encapsulated in the package is what might be called self-describing technical, descriptive, events, and agent metadata. So you could argue that, at the very least, the designers understood the issues entailed in the transmission of information over the long haul -- whether that long haul is defined as one of spatial or of temporal or of cultural distance.

        As to the solution: given the difficulties even scientists contemporaneous with the creation of the Golden Record had in decoding its semiotics, perhaps it is tempting to smile at the host of unarticulated assumptions incorporated in the design of this artifact. Nothing however is more transparent, or more invisible to us, than our own operating assumptions. Perhaps we would do well to remember the caution given in another context by Oliver Wendell Holmes b06: 
            

            But certainty generally is illusion, and repose is not the destiny of man.

           

    
    
        What is Portico?

        Portico is a digital preservation service for electronic journals, books, and other content. Portico is a service of ITHAKA, a not-for-profit organization dedicated to helping the academic community use digital technologies to preserve the scholarly record and to advance research and teaching in sustainable ways. Portico understands digital preservation as the series of management policies and activities necessary to ensure the enduring usability, authenticity, discoverability, and accessibility of content over the very long-term. By this Portico means b09: 

                	usability: the intellectual content of the item must remain usable
                        via the delivery mechanism of current technology


                	authenticity: the provenance of the content must be proven and the
                        content an authentic replica of the original


                	discoverability: the content must have logical bibliographic
                        metadata so that the content can be found by end-users through
                    time


                	accessibility: the content must be available for use to the
                        appropriate community


            

        Portico serves as a permanent archive for the content of over 110 publishers (on behalf of over 2000 learned societies and associations), with, as of this writing, 11,330 committed electronic journal titles, 43,253 committed e-book titles, and 10 digitized historical and current newspaper collections. The archive contains nearly 15 million archival units (journal articles, e-books, etc.), comprising approximately 176 million preserved files.

    
    
        How does Portico use XML to Preserve Digital Content?

        The technological design goals of the Portico archive were, to the extent possible, to preserve content in an application-neutral manner, and to produce a bootstrapable archive of XML metadata plus the digital objects themselves (b14). Bootstrapable in this context means that each archived object can be packaged in a ZIP file, with all original publisher-provided digital artifacts, along with any Portico-created digital artifacts and XML metadata associated with it, and the entire archive can be reconstituted as a file system object, using non-platform-specific readers, completely independent of the Portico archive system. The archive is designed to be OAIS-compliant b08, and is subject to a process of continual review to ensure that it continues to conform to commonly accepted standards and best practices as they are understood in the digital preservation community (b10, b11, b12). This review process includes a recently-completed external third-party audit by the Center for Research Libraries (CRL), who have accredited Portico as a trustworthy repository, in conformance with its TRAC (Trustworthy Repositories Audit and Certification) protocol.

        Portico preserves all original publisher-provided digital artifacts, along with any  Portico-created digital artifacts associated with the item. These latter include structural, technical, descriptive, and events metadata (preserved in a Portico-defined XML file), PDF page images created from TIFF files as needed, and a normalization of the publisher-provided full-text or bibliographic  (header-only) metadata files to Portico’s journal or e-book archiving DTD (based on, and fully convertible to, the National Library of Medicine’s archiving DTDs b23). Portico does not attempt to preserve the look and feel of journal articles on the publisher website, as we have found that, given continual variation over time both in browser look and feel effects and publisher presentation styles, this is something of a chimera.

        For each item it archives, Portico receives either a full-text or header-only XML or SGML file, in one of over 170 different XML or SGML vocabularies. This file will be accompanied by one or more page image files (typically PDF, though sometimes TIFF), and often additional supplemental files (images, formulae, figures, tables, data, executables, moving images, spreadsheets, etc.) in roughly 136 different formats, to which there are sometimes references in the XML or SGML files. Publishers do not use a standard delivery package format -- each follows its own file and directory naming conventions in the ZIP and TAR files they send, or in the FTP folders from which they provide their content. Typically there are undocumented business rules implicit in the XML and SGML files, including boilerplate text, punctuation, or white space that appears in the publisher's printed edition of a document but is only implicit in the mark-up. As part of its preservation strategy, Portico migrates these XML and SGML files to the NLM DTD as they are received, to ensure that the distinctive publisher vocabularies and their varying usages can be well understood while those knowledgable in their use are still available as resources.  Additionally, the uniform format enables Portico more efficiently to manage the archive at scale now and for the long haul.

        Portico also uses XML as part of its processing system. XML registry files (format information, workflow tool lists, cross-walks from various format registry namespaces, metadata curation rule sets, workflow messages) drive the content preparation workflow system. An XML profile for each publisher stream defines the rules for associating the digital artifacts, distributed across the non-standard delivery packages described above, that comprise an archival unit such as a journal article.

    
    
        Challenges and Practices: Processing and Producing XML for the Archive

        There are well-known and generally accepted reasons why both publishers and Portico would select XML as the format of choice for journal and e-book content and metadata, including the ability to provide rich structural and semantic metadata (b05). Key to its selection as a long-term repository format is the fact that XML is not platform-specific, that there is a durable open public specification (at least for XML itself, and for the NLM archival format), and that there is a rich ecosystem of related open specifications (XSL, XPATH, XSCHEMA, etc.) and application tools (Java and other language libraries, Schematron, etc.). But there have been challenges as well.

        
            Syntax

            Many business applications of XML entail the exchange of messages (i.e. content)
                between different entities – often outside a single organizational or corporate
                entity. This has the advantage of enforcing early detection of validity errors in
                that content: if the receiving party cannot parse the message you send, the feedback
                is often swift and noticeable. Prior to submission of their XML (and SGML) content
                to third-party archives for long term preservation, however, this was not
                necessarily the case for either the document type definitions (DTDs and schemas) nor
                the documents themselves produced by scholarly publishers. Content was processed by
                their internal systems only; and it was not always processed with standard tools
                that enforced well-formedness or validity. While this may have made for internal
                development or processing efficiencies, such practices open up the possibility that
                some content can “break” when users downstream in space or time, external to the
                producing entity, and operating under assumptions of either well-formedness or
                validity, attempt to read it using standard tools.

            Some of the DTDs Portico has received failed validity tests. Some documents were
                not well-formed; some would not validate against the DTD or schema which defines
                them. Some document type declarations contained unresolvable public or system
                identifers. Some contained white space or comments before the XML declaration.
                Encoding declarations were sometimes omitted where the default (UTF-8) encoding was
                not the one employed by the document. Some documents incorrectly declared one
                encoding and employed another. Some documents declared they are instances of one
                version of a publisher DTD, but employed elements from a later version of that DTD.
                Some documents incorrectly declare that they are standalone. Such
                errors are relatively rare -- comprising less than 1% of the content Portico has
                processed. They are also easily avoided –- by mandating and enforcing a check of
                well-formedness and validity at the point of origin
                of XML documents (as Portico itself does when it produces both normalized XML
                article content and XML metadata).

            By policy, Portico does not ingest into the archive any XML full-text or
                bibliographic metadata document that does not pass well-formedness and validity
                tests. Portico maintains and preserves a local copy of every DTD or schema that
                defines XML content in the archive, along with (where permitted by contract) a copy
                of any supporting documentation the publisher provides. Portico uses these local
                copies to perform checks of well-formedness and validity. Access to a copy of the
                document type definition has proved essential for validation, in particular in the
                case of those definitions which include the use of defaults for attribute values.
                Portico has developed a set of Java filters to enable resolution of system
                identifiers to these locally-maintained document type definitions, to handle
                incorrect encoding or standalone declarations, and to stream past content before the
                XML declaration.

            For many publishers, a single XML document is comprised of more than a single XML
                file. Sometimes the document fragments are referenced from within one of the files,
                as external parsed general entities. Often, however, there is no such intrinsic,
                express linking amongst the components of the document. The publisher's creating
                application assumes that a downstream process (presumably one of the
                publisher's own) will know how and where to inject these fragments.
                Any downstream process outside of the publisher's own workflow, of course, must
                reverse-engineer this association of components. The XML profiles described above
                provide the Portico workflow with sufficient information, typically based on file
                path and file name signatures, to associate the component files, and to pass them to
                a concatenating XSL transform prior to normalization. (The Portico-generated XML
                metadata that is associated with the archival artifact details the links among the
                components of a multi-file XML document, as well as the links from that document to
                the other supplemental files described above). A somewhat more challenging operation
                is required in the case where the constitutent files contain something other than
                XML fragments. The workflow has been instrumented to handle the case where one or
                more of the components of a document are fragments of HTML. These fragments are
                filtered using the JTIDY
                tool to create well-formed fragments, and then are concatenated, along with other
                XML fragments, within a Portico-defined wrapper element, and are passed to a
                normalizing transform. The transforms similarly invoke JTIDY, wrapped in
                Portico-developed XSL extension functions, when a document comprised of just a
                single file contains HTML markup interspersed in the text.

        
        
            Semantics

            A yet more subtle challenge to be faced in the use of XML as an instrument of
                long-term preservation is the issue of semantics. As Jerome McDonough has pointed
                out (b13), information interchange even in the present between
                users of what nominally are the same XML vocabularies, but whose semantics are fact
                construed in different ways, is far from seamless. As Wendell Piez has discussed
                    b17, there is a gap between formalism (which lends itself
                easily to automated tools) and the meanings people attach to those formalisms. As
                Piez says, we cannot automate signification itself.

            To perform the normalization of the many publisher XML vocabularies in which
                content is received, Portico undertakes an intensive analysis of each publisher’s
                use (or, more commonly, given the frequent subcontracting of content creation to
                external vendors, uses) of its vocabularies, whether the DTD or schema is
                supplemented by publisher documentation or not. When a new publisher stream is
                initiated, Portico undertakes a non-automated (though aided with automated tools)
                investigation of the distinct contexts of all elements and attributes, the actual
                versus the possible use of element contexts or attribute values, and the
                manifestation of the content of those elements and attributes in print and online
                versions of the digital resource. XSL transformations to normalize that content to
                NLM are coded defensively: if the transformation encounters an element or attribute
                in a context not detected in the analysis, for example, an error is raised and
                processing of that document halts for investigation and, as required, modification
                of the transformation.

            Portico's analysis of publisher content adumbrates the publisher DTD’s use of
                character entity files. These are analyzed for conformance to standard entity files
                and to identify publisher-specific non-Unicode private characters. Any discrepancies
                with the standard entity files are resolved with the publisher. Portico transforms
                any publisher character entities to Unicode where appropriate. Similarly, comments
                and processing instructions are scrutinized. Any part of the transform which results
                in making explicit the “generated text,” or implied data in a publisher document
                (described below), clearly labels the resulting elements as having been generated by
                the archive, and not by the publisher.

            The transformations are tested in a setup environment which runs the same tools as
                the production content preparation system. The outputs on this setup system are
                subject to visual inspection by a quality assurance team. Only after this period of
                analysis and test are the publisher-specific tools directed to the production
                (archive ingest) system, where processed content is again sampled and subject to
                visual inspection after automated quality assurance checks have been performed, and
                before content is ingested into the archive. 
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Figure 3.Portico Content Setup and Ingest Environments
            
                Generated Text

                Two key components of Portico's data normalization strategy are neither to
                    lose data from, nor tacitly to add data to, publisher content. The use of what
                    Portico refers to as generated text -- actual textual content,
                    such as citation punctuation or boiler plate text, that does not appear in the
                    marked up document, but does appear in print and online manifiestations -- is an
                    example of the challenges of what Wendell Piez has called
                        procedural markup (b17). It is also the
                        near occasion of loss of meaning in transformation, if not
                    scrupulously handled. As an example, consider the following two instances of
                    markup. The first is a reference to a book:
                
                 
                    <ref id="B1" content-type="book">
                        <label>1</label>
                        <nlm-citation citation-type="book">
                            <person-group person-group-type="author">
                                <name>
                                    <surname>German</surname>
                                    <given-names>R. M.</given-names>
                                </name>
                            </person-group>
                            <source>
                                <italic>Powder Injection Moulding</italic>
                            </source>
                            <year>1990</year>
                            <publisher-loc>Princeton, NJ, USA</publisher-loc>
                            <publisher-name>Metal Powder Industries Federation</publisher-name>
                        </nlm-citation>
                    </ref>
                
                
                The second is a reference to a thesis:

                
                     <ref id="B16" content-type="mastersthesis">
                        <label>16</label>
                        <nlm-citation citation-type="thesis">
                            <person-group person-group-type="author">
                                <name>
                                    <surname>Karataş</surname>
                                    <given-names>Ç.</given-names>
                                </name>
                            </person-group>
                        <source>
                            <italic>Toz Enjeksiyon Kalıplamada Karışımın Reolojisi</italic>, 
                            Doktora Tezi
                        </source>
                        <year>1997</year>
                        <publisher-loc>Ankara, Turkey</publisher-loc>
                        <publisher-name>Gazi Üniversitesi Fen Bilimleri Enstitüsü</publisher-name>
                        </nlm-citation>
                     </ref>                 
                    

                Here is the rendition for the first reference on the publisher website:
                        
[image: Morrissey01-004]
                            
                        
Figure 4.
                Here is the rendition for the second reference on the publisher website:
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Figure 5. In the first case, the <source> element is
                    rendered in italic, and no quotation marks are added; in the second case, the
                    element is not rendered in italic, and quotation marks are added. This proved to
                    be a consistent, not anomolous, application of behavior based on an identical
                    content model, triggered by a different attribute value. The business rule
                    however was implicit in the document, and was undocumented in the DTD. 

                This challenge of detecting procedural semantics, whether from
                    syntactic cues in the XML document, or from a comparison of the source XML
                    document to its various renditions (in PDF, or on the publisher website)
                    manifests itself even when converting from what is nominally the same, or nearly
                    the same, document type definition. Nearly a third of the different publisher
                    vocabularies currently processed by Portico are some version or variant of the
                    NLM journal archiving or journal publishing DTDs. In theory, normalizing this
                    content should amount to not much more than an identity transform. In practise,
                    while these transforms are in fact considerably simpler than those from document types
                    outside of the NLM family, care must be taken to make explicit the implicit
                    semantics sometimes buried in the publisher's implementation of the document
                    type definition. By design, the NLM DTDs allow for a great deal of leeway in,
                    for example, declaring whether an element or attribute is required or optional, or
                    providing suggested rather than controlled lists for attribute values for such
                    things as a publication type, or suggesting but not enforcing the use of values as defined in RFC 1766 for language codes in the
                        xml:lang attribute. For this and for other reasons,
                    normalization is not always straightforward. For example, we have found: 

                        	a publisher who places text (for example, punctuation, such
                                as a period after an author's middle initial) in a processing
                                instruction, rather than in the the text of the
                            element


                        	a publisher who extracts the content of the id
                                attribute of a <p> (paragrah) element and
                                inserts it at the beginning of the text of that paragragh (but only
                                for two of the journal titles in that publisher content
                                stream)


                        	a publisher who employs default style information for table
                                cell (<td>) elements when the
                                    style attribute is omitted


                        	a publisher who generates the text (Russian).
                                 or (French).  in citation
                                elements whenever the xml:lang attribute of the
                                    article-title element has a value of
                                    ru or fr,
                            respectively, and does not otherwise employ the xml:lang attribute for that element


                    

                As mentioned above, while careful to ensure such implicit text is not lost in
                    translation, Portico does not tacitly alter publisher content. Any
                        generated text is demarcated within an
                        <x>element, whose x-type attribute
                    is set to the value archive, to distinguish the source of that
                    text as Portico. So, for example, in the case of generated language name
                    mentioned above, the transform for that element looks like:
                    
 
                        <xsl:choose> 
                            <xsl:when test="article-title[@xml:lang='ru']"> 
                                <x x-type="archive">(Russian). </x> 
                            </xsl:when> 
                            <xsl:when test="article-title[@xml:lang='fr']"> 
                                <x x-type="archive">(French). </x> 
                            </xsl:when>
                            <xsl:when test="article-title/@xml:lang"> 
                              <-- defensive error handling code for unexpected attribute 
                              use in this context here -->
                            </xsl:when>
                        </xsl:choose> 
                    

            
            
                Metadata Curation

                As part of its strategy for managing a large and growing archive of scholarly
                    content, Portico extracts and curates descriptive (bibliographic) metadata from
                    the publisher-provided XML documents. This curated metadata is packaged in the
                    Portico-generated metadata file associated with each archival unit. Portico does
                    not correct or edit publisher content, but does curate (transform or correct)
                    that data as needed in the associated metadata file. Examples of such curated
                    metadata are 

                        	ISSN or ISBN


                        	publisher name


                        	journal title


                        	bibliographic citation (volume, page
                            number)


                        	publication date


                        	article or book title


                        	author names


                        	copyright information


                    
 Perhaps surprisingly, there is no industry-wide controlled list
                    for such things as publisher name or journal title; nor a single agreed-upon
                    format for publisher dates. Portico curates content with month values like
                        32. This is not a case of bad data. In this
                    publisher's processing system, month 32 is translated into a
                    generally-understood value. Again, however, that translation is an implicit
                    business rule, neither documented nor packaged with the document. Another
                    publisher provides no publication dates in the XML document; Portico constructed
                    an XML file to map from journal name/volume/issue to publication date, and
                    incorporates that information during transformation and curation. Another
                    publisher does not provide ISSN information in its XML source files; again,
                    Portico constructed an XML controlled list mapping from journal titles to ISSN
                    for curation of that publisher's content. 

            
            
                Documenting and Enforcing Usage Policies

                In producing a normalized version of an article, Portico itself is a content
                    creator. Portico endeavors to document in detail its interpretation of the
                    semantics of the NLM DTD to which the content is normalized, as well as Portico
                    usage policies. Portico maintains a customized version of the public NLM
                    documentation created by Mulberry Technologies. This customized documentation
                    contains a section accompanying each element and attribute, detailing Portico’s
                    interpretation of the semantics and usage of these objects, especially where
                    such interpretation or usage is in any way a refinement or restriction of that
                    expressed in the standard NLM documentation. In addition, Portico enforces its
                    usage conventions where possible with immediate Schematron validation (in
                    addition to DTD validation) immediately upon creation of the transformed file. 
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Figure 6.Portico NLM DTD Documentation
            
        
        
            Linking

            Many of the XML article files received by Portico contain links to supplemental
                files provided along with the XML file, as well as other sorts of linking
                information. These external links can be addresses (email, ftp, web
                URL) or well-known persistent identifiers of one sort or another, such as CrossRef’s
                DOI, or keys that map to content in the gene or protein databanks

            The presence of these links has obvious implications for the long-term.
                preservation of this content. No one can guarantee the future stability of the
                targets of any of these links over the very long term. Portico preserves all link
                information, and, if enough information is provided in the source document, attempts
                to characterize the link type. But as a matter of policy, Portico can only warrant
                the stability of links to those supplemental artifacts actually packaged with the
                source document, and preserved in the archive.

        
        
            Versioning

            Both publisher and archive document type definitions are subject to revision, some
                backwardly-compatible, some not.

            With respect to publisher document type definitions, even absent prior
                notification of a change, Portico’s practice of validating all provided input and
                defensively coding transformations to detect new elements and attributes, new
                contexts for elements and attributes, or new values for attributes, enables
                automated detection of any such changes.

            Since Portico’s inception, there have been six minor (i.e. backwardly-compatible)
                and one major (non-backwardly-compatible) revision of the Portico XML archival unit
                metadata schema, in concert with a single non-backwardly-compatible extension of the
                content model of the objects comprising the archive. The major version change was
                made with a view toward enabling a richer set of content types, and more complex
                relationships among the components (text, images, supplemental files, versions of
                the same object, different manifestations of the same conceptual object) of those
                content types. Portico’s experience as it moved through the six minor versions was
                instructive when it came time to develop a schema that can be more flexibly extended
                with, for example, new event types from a controlled list. This flexibility comes at
                the reasonable price of a richer consistency enforcement mechanism than validation
                against a schema alone. Consistency in the case of the new metadata model is
                enforced via Schematron, which was also applied, along with schema validation, to
                metadata migrated from the version 1.x to version 2.0. The content model underlying
                the new schema, the data dictionary for the schema, the mapping from the 1.x to 2.0
                versions, as well as the mapping to analogous elements in METS and PREMIS, are all
                documented in detail.

        
    
    
        Looking Ahead: Some Unknown Unknowns

        Digital preservation, in Chris Rusbridge’s memorable phrase, is a series of
                holding positions, or perhaps a relay
            b21. In the problem space of long-term preservation of digital
            objects, the disciplined use of XML affords a reasonable solution to many of the issues
            associated with ensuring the interpretability and renderability of at least some digital
            artifacts – certainly for the first leg of the relay, and certainly for such artifacts
            as electronic journals and books. What might concern us about its use further in the
            future?

        
            Scale

            Fifteen million of anything is a lot, and can take a long time to process, and a
                lot of space to store. The fifteen million archival units presently preserved in the
                Portico archive comprise over 176 million files, and fifteen terabytes, with nearly
                100 gigabytes of metadata for every terabyte of content. It required careful
                planning to scale up the Portico content preparation system from an initial capacity
                of roughly 75,000 archival units per month, to a capacity of 2,000,000 archival
                units per month – scaling that involved not just hardware and software, but
                organizational practices and procedures as well (b15. Any attempt
                to get our arms around long-haul preservation of digital content, XML or otherwise,
                necessitates getting our arms around issues of scale. As Clay Shirkey b20 noted, commenting on the Archive and Ingest Handling Test, 

                    Scale is a mysterious phenomenon -- processes that work fine at one scale
                        can fail at 10 times that size, and processes that successfully handle a
                        10-times scale can fail at 100 times. […] Institutions offering tools and
                        systems for digital preservation should be careful to explain the scale(s)
                        at which their systems have been tested, and institutions implementing such
                        systems should ideally test them at scales far above their intended daily
                        operation, probably using dummy data, in order to have a sense of when
                        scaling issues are likely to appear.

                

            Preserving content at scale means automation, including automation of the
                generation of metadata: technical metadata about file format instances,
                bibliographic metadata, including search term generation and indexing, event
                metadata recording provenance information about the handling and processing of
                digital artifacts. Not just the quantity, but even the individual size of these
                artifacts, generated by machine, and by and large intended for machine processing,
                can be problematic. As an example, Portico uses the JHOVE object validation tool
                to extract technical feature information and to perform object validation for
                digital objects in XML, SGML, PDF, TIFF, GIF, ZIP, GZIP, TAR, WAV, JPEG, and
                JPEG2000 formats. The XML output containing the technical metadata generated by
                JHOVE is stored in the Portico medatafile associated with each archival unit. This
                XML output can be quite large, and quite deeply nested. Portico has encountered
                output describing a technically valid PDF instance, which validates successfully
                against the JHOVE schema, but which could not be processed by Saxon 8.7.b without causing a stack
                overflow, because of the deeply-nested nature (over 2000 levels deep ) of the
                metadata. These automated artifacts must also be subject to scrutiny, to ensure that
                they too can successfully be handled by downstream processes, whether
                    downtream means in the very near, or the the very long,
                term.

            Scale will likely be a determinant in whether and how XML can be used to solve the
                problem of preservation of very large digital data sets.

        
        
            Non-XML artifacts

            Both electronic journals and e-books in their current state are at base electronic
                realizations of an underlying print paradigm. As a consequence, they and their
                associated bibliographic, technical, provenance and other event metadata map very
                well to XML. Some of the supplementary files accompanying journal articles, for
                example, such as HTML fragments, are amenable to conversion and preservation as XML.
                By and large, however, it is not at all clear that, apart from their metadata,
                supplemental non-text files -– not to mention other born-digital content such as
                very large data sets, or electronic games, or such ephemeral digital objects that
                might be described as behaviors (the effect of an interaction with server-side
                software) -- are as well served by preservation in XML. However, even if such
                artifacts are not best preserved as XML, we may well find that such XML-based
                preservation tools as the PLANETS project's eXtensible Characterization Language (XCL) b04 and its associated file characterization tools will give us
                information essential to evaluate different automated methods of migration or
                emulation at scale of non-XML artifacts, and to assess the lossiness
                of any such preservation actions.

        
        
            Culture

            Despite the litany of challenges rehearsed above, the critical issues, the
                difficult problems in the preservation of digital objects are not technical - -they
                are institutional, organizational, and financial. Will perduring organizations with
                adequate funding, will, and technical know-how self-organize to meet the needs of
                ongoing stewardship of digital assets?

            There is a cultural aspect as well to the viability of XML as a tool in the kit of
                digital preservationists. While it is true that an XML document can be read by
                nearly any plain text reader application, it is nevertheless the case that the power
                of XML comes from a rich ecosystem of public standards, a rich application toolset
                (including many free and open source tools and libraries in a variety of languages),
                and a large community of practice. Many of the tools and libraries in particular
                have had substantial corporate financial support, from which the XML community at
                large has benefited

            What happens if this support disappears? What happens when a new generation of
                developers, for whom XML is no longer the new, new thing, looks to new
                technologies, or new paradigms for modeling information – information that no longer
                finds its natural form as page image or text? What if a (possibly cyclic) graph rather than an
                XML tree becomes the mental idiom for structuring digital content –- even
                essentially textual content? What if the tree depth of automated XML metadata
                becomes, practicably, too deep? Will structured key-value stores be seen as the
                solution to this difficulty in semi-structured or even in structured data, 
                as it has begun to be for large-scale distributed data
                stores? There is a life-cycle not just to platforms and languages, but also to the
                larger idioms of coding, modeling, and design b25. Will we be able
                to detect the sell-by date for XML applications?

        
    
    
        Concluding Heuristics

        We live forward, we understand backward, as the philosopher said b07. There are no guarantees in the world of digital preservation. In
            the best of all possible preservation worlds, cultural and memory institutions will have
            the resources to secure physical copies of digital assets; they will have practices in
            place to ensure the physical accessibility (currently usable media) and the physical
            integrity (fixity check and repair) of those assets, and sufficient metadata or search
            mechanisms to make those assets discoverable. Even given this, even acknowledging the
            platform and tool independence of XML artifacts, present experience with the long-term
            fragility of links, and the varying usage in which the semantic richness of XML
            vocabularies often results, suggest that we employ the admittedly conservative practices
            that, in Portico’s view, assist in assuring the semantic stability of these digital
            assets.

        
            	
                
                    Design document definitions flexibly; test resulting
                        documents against expectations rigorously. Use controlled lists
                    where appropriate, and enforce their usage. 

            

            	
                Be explicit. Avoid the evil
                        default. Avoid implicit content – even boilerplate
                    content.

            

            	
                Validate early and often. Validate what you
                    receive. Validate what you send before you send
                    it – even if you are only sending it to your own file system.

            

            	
                
                    Document everything. Document controlled lists;
                    document the values in those lists. 

            

            	
                Let the sunshine in. Test the viability of
                    your content outside your own systems and your own customary processes.

            

            	
                
                    Transform defensively. 
                

            

            	
                
                    Don’t assume.
                

            

            	
                
                    Don’t assume you didn’t assume.
                

            

            	
                
                    Always ask: What’s next?
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When documents are stored for any significant length of time,
                or when they are used, whether continuously or occasionally, over
                an extended period, the original people and culture and context
                associated with their creation become unavailable. If the documents
                are to remain useful, it is necessary to retain sufficient knowledge
                about how they can be used that the future people involved can
                still gain value from them.
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        Introduction

        The requirements for archiving a document for a hundred years are
        very different from the requirements for archiving the same document for one year,
        or for five years. As we try to prepare for even longer term storage, the number
        of unknowns increases greatly.

        This paper suggests ways to manage some of those unknowns, and to
        prepare for as many of them as possible: in other words, ways to store XML-encoded
        documents in such a way as to have some reasonable expectation that they can
        be decoded at some unspecified time in the future and used.

    
    
        Definitions

        An XML Document

        Before we can talk about storing documents for a long time, we must decide what we mean by the term document.
            This is not sophistry: an XML document generally consists of multiple parts, and, as will be discussed further, we must
            be careful in determining the boundary of the document for the purpose of preservation. Let the term XML Document, then, in this
            paper, denote a sequence of characters represented digitally on a computer such that the sequence of
            characters satisfies the productions and constraints
            of the XML specification. We shall be neither more not less precise, but rather shall qualify or expand upon this base term as needed.
            Our definition excludes non-digital representations: if one were to print out an XML document onto paper, and then make a video of
            the paper, the video would not, by our definition, constitute an XML document.
        

        
        
            A Long Time

            The overview for the Balisage pre-conference symposium suggests that a long time, in terms of document storage, could be
                for as long as a thousand
            years. The author of this document, however, suggests that A Long Time,
            however long it may actually be, in any case starts now, in the present, and gradually lengthens. What is
            significant is that the people who created the document are not the people who decode it, and that the context of that decoding
            is not necessarily the same as the social, technological or political context in which the document was encoded.

        
        
            Storing

            By our definition an XML Document exists only within computer storage.
                A document will be said to have been stored for a given period of time if, at the end of that time,
            the same sequence of characters can be retrieved. This definition permits changes in the encoding of the document, for example
	    from UTF-8 to UTF-16, as long as the sequence of encoded characters remains the same.
	    Our definition is also silent on whether
	    the document may be inaccessible at times during the stored period.

	
	    One example of a document becoming inaccessible might be
	    a so-called dark archive,
	    created to hold copyrighted information until such time
	    as the copyright expires.
	    That is a political or social inaccessibility: the document
	    might be accessible technically, but perhaps not legally.
	    Documents can easily become technically inaccessible.
	    A promise of XML is that the format is open, and, unlike,
	    say, a proprietary word processing format, will still be
	    readable in the future. The same promise was made of
	    SGML documents, but few people make SGML software today.
	    Fortunately, software exists to convert SGML documents to
	    XML, but doing so correctly requires human expertise
	    in both formats in order to select correct options.
	    In order to retain technical accessibility, then,
	    documents may need to be migrated between formats.
	    If this is not done, however, keeping the format definition
	    along with the documents may facilitate such work after
	    a Very Long Time.
            

        
    
    
        Documents as Communication

        The Extensible Markup Language sees a great many uses in a wide range of applications.
            We may classify XML documents in many ways, but for the purpose of archiving, let us consider
            a document as a form of communication, with at least one speaker and zero or more listeners.
            Any combination of listener and speaker may be an automated process or may be a human (or
            perhaps some other sentient being). We shall use the term machine to denote an agent that
            is not sentient, and person to denote a sentient agent, regardless of whether the person or
            the machine is human, robotic, dolphin or even alien.
        

        We can sort documents, then, by the creators and by the intended audience, in terms of one's likely interest
            in archiving the documents:

        Table 1
            	Creators	Audience	Interest

            
            	Machine	Machine	Very Low

            	Machine	Person	Low

            	Person	Machine	Low

            	Person	Person	High

           
        



        For the purpose of this ranking, multiple agents are treated as equivalent to a single agent, but
        a heterogeneous group of agents containing at least one person is considered to be a person.

        The interest in archiving machine-machine communication is low because the (human) programmers
        of our computers decided that the messages were not of interest to humans, and because instead of archiving
        actual messages, it is customary to archive logs of many such messages. For example, it is not usually of
        interest to record the mouse pointer location on a computer screen when a particular icon was clicked,
        except in human-computer interaction usability research; archiving the details of that event is unlikely
        to be of use to anyone, even where, as with  XCB XCB,
        it was in XML. Even a usability researcher would be unlikely to find it useful without
        further information, such as what icon was displayed there, what task the user was attempting, whether she was tired,
        and so forth. The machine-to-machine message in this example is not complete without its context, and does
        not constitute a sustained rhetoric or literature. Most machine-to-machine communication happens entirely
        without human intervention, or with only indirect intervention. Note that a log file, recording a summary of
        such communications, is an instance of machine to person communication, and is in a different category.

        Machine to Person communication designates machine-generated documents, and these
            constitute a broad range of literature, ranging from error
        messages and log files to random poetry. In some cases it is more interesting to archive the algorithms used
        to generate the random poetry, perhaps with some examples. In this paper we will consider randomly generated
        literature to be a subset of person to person communication, with the creator being the person who wrote the
        program and therefore controlled the domain of discourse. Machine-generated documents such as error
        messages that are part of a larger context can be archived only as part of a larger context, as we shall see.
        It would make little sense to archive a document whose entire content was "File not found," although files
        containing such messages can be a great source of confusion to users.

        Person to Machine communication might include computer programs and scripts, XSLT transformations,
        manually-generated SOAP messages, and much more. Computer programs can be archived, but are mostly outside the
        scope of this document. We shall consider XSLT documents in a later section.

        Person to person communication, mediated through XML documents, includes all manner of electronic
        mail, instant message conversation, poetry, visual arts, music, virtual sculpture, prosody and erotica, research and
        reflection. This is the material that first comes to most people's mind when they consider archiving beyond a short-term
        computer backup. It is the stuff of libraries and of museums, the artifacts of our culture.

        For the sake of completeness, let us be clear that our primary concern is archiving for subsequent
        human (Person) retrieval and study.

    

    
        Document Context

        Documents do not exist in isolation. They are created, stored and retrieved using digital computers.
            When a Person reads a document, or part of a document, what is understood is, as with any piece of
            literature or cultural artifact, bounded on all sides by that culture. Once the context of creation is lost,
            understanding of the artifact is necessarily incomplete. Documents are part of a culture that includes other documents
            as well as social conventions and shared knowledge. We shall use the term External Context to denote the environment,
            political, social, technological and cultural, surrounding a document.
        

        How an ancient object was used is often a mystery. Similarly, there are documents in existence which
        appear to be works of literature of some kind, but which cannot now be deciphered at all.  In some
        cases, such as the Phaistos Disc, there is almost no surviving context at all. In others, such as the one-time key
        encryption used by Dee and Kelly in Bohemia , there is some knowledge about the purpose of the documents,
        but not necessarily sufficient information to decode them. In other cases, knowledge is incomplete.

        Misunderstandings, corruption in copying, ignorance, politics and flawed textual theories have
            all come into play with documents such as Biblical translations. Famously, “Peace on Earth and good will to all
            men” is now considered to be more accurately rendered, “Peace on Earth to all men of good will.” Was
        the genitive case not noticed by the translators of the King James Bible, or did it not exist in their primary texts, or did they choose a silent
        emendation? We might like to imagine that when we archive computer texts, we will not have problems with corruption. But in
        practice it is not corruption but a lost context that is the problem. Consider the way that the English language has
        changed an as short a time as three hundred years:“indifference” was a word that in the 1700s meant without
        difference, impartial; today a statement that God metes out justice with indifference would not be considered respectful.

        In order to reconstruct the significance of a text, then, recipients of our putative archived XML Document, a Very Long Time from now,
        will need to understand not only the computer formats we have used but also the natural-language parts of our text.
        For XML documents, where it is common practice to embed natural-language terms in markup as element names or identifiers,
        natural language appears not only in document content, but also in the actual document format, in the markup.

        Language context is only one part of the wider document context. A funeral oration might be perceived quite
        differently from a shopping list; a parody differently from a news article. The expected use and implicit shared understanding
        between document creator and audience in these examples can be lost by the Very Long Time; this tacit knowledge
        must therefore be documented and made explicit if the archived document is to be interpreted as it was intended.

        As C. Michael Sperberg-McQueen pointed out in reviewing a draft of this paper, the effort for an author
        in adding extra background information may seem onerous, and may require a very different sort of skill than
        writing the document. In a corporate environment, sanctions are generally available to require additional
        information to be of at least minimal accuracy and completeness; in a university or library environment, the
        mandate for making tacit knowledge manifest as explicit knowledge (See Applen and McDaniel, chh. 1 and 3) may
        fall to the archivist.

        Socio-political contexts, organizational contexts, corporate cultures and fashion can also all affect the
        interpretation of documents. One cannot archive an entire culture in order to explain a single document, but
        neither can one understand an entire culture from a single document.

        Every document necessarily stands in some relationship to other documents. That relationship can be
        implicit or explicit. An example of an implicit relationship might be that a dictionary gives definitions or
        explanations for words found in other documents. An explicit link might point from a person's name mentioned
        in one document to a biography of that person in another document.

        Information about the external contexts in which a document was created, and was intended to be understood, then,
            are generally necessary in order
        to understand that document correctly. These external contexts include language and culture of the creators of documents
        as well as of the intended recipients, the other documents created or preexisting within those contexts, and also the
        intended purposes and audiences of the documents.

    
    
	Navigation and Finding Aids

	Large modern research libraries and rare book libraries often store the books away
	    from the public: to see a book one must request it explicitly. In such a world
	    there is no browsing, and serendipitous discoveries have been outlawed.
	    One cannot discover tucked inside an otherwise uninteresting volume a transcription
	    of a poem whose only extant Anglo-Saxon manuscript copy had been destroyed in a fire.
	    Forgotten poets remain forgotten, sometimes for the good of mankind and sometimes
	    regrettably.

	A putative future patron of a digital library may be at a great disadvantage
	    compared to today's visitor to a rare book collection: that of expectation.
	    One might reasonably expect a rare book library to have a copy of Plato's Republic,
	    of Moxon on printing Moxon1683, or of something printed by Caxton or Aldus Manutius. But
	    the digital collection might contain a thousand terabyes constituting an
	    ultra-high resolution scan of the skin of an earthworm, or the accumulated
	    income tax returns of retired Cornish clergymen, or the entirety of Moroccan
	    twentieth-century literature. What files to request?

	This question of how to make a selection is not new to anyone working in
	    the fields of archiving, but it is certainly new to many computer engineers,
	    the people most likely to be constructing digital archives. An overview
	    of the contents of an archive is of critical importance and, in the end,
	    may be a significant deciding factor in which archives survive.
	    Controversial works might need to be hidden; at different times in history
	    many works have been defaced or destroyed for ideological reasons.
	    In a world of automated search it might seem that such strategies cannot
	    succeed; after a Very Long Time what seems today Controversial may in any
	    case seem banal or common-place. We should remember, however, that full-text
	    search is generally accomplished using software that, over time, will
	    probably cease to function unless it is actively maintained.

	An archive, in any case, needs an overview, a Finding Aid, that gives the
	    reader an idea of the sorts of thing that one might find in the collection,
	    and perhaps delves down by category into subsections of the collection.

    
    
        The Politics of Selection

        George Landow writes (pp. 267ff) about the politics of hypertext; of particular relevance here is the idea that providing
        easier access to some documents implies harder access to others: the choice of which documents to archive is (or
        can be) a political decision every bit as much as decisions about which books to keep on the shelves in a
        public library.

        It is not technically feasible to archive all documents. Even if we restrict ourselves to the domain of
        person-to-person communication, we still find that the sheer volume of electronic mail, especially when
        spam is included, simply makes it harder to find information later. In addition, privacy concerns mean that it
        is not always desirable to archive everything. Some public libraries now routinely delete book borrowing
        information, so that they cannot be required to identify which books a particular individual may have read.
        If not all documents are to be archived, some documents must be rejected. In a corporate research environment it might
        be that reports are archived, but not research notes, for example. Yet, in the future, those notes might be
        considered a highly valuable resource for understanding and validating (or otherwise) the findings of the
        reports.

        When a Document is archived then, one should consider archiving secondary documents in the same collection;
        however, this increases the burden on Finding Aids and on Archive Structure.

    
    
        How to Archive?

        After selecting which documents are to be preserved, and (explicitly or implicitly) which are to be
        destroyed, or at best left to their own chances, after the decision to create an archive has been made,
        one must determine the methodologies to be employed. After the why and the what comes the how.

        
            The Physical Substrate

            It is not reasonable to expect modern computer storage devices to remain functional
            for A Very Long Time. Typical values for A Very Long Time for most computer equipment today are
            measured in thousands of hours, not
            thousands of years. Magnetic tapes degrade over time, as do optical storage media such as
            compact discs. Active devices such as rotating hard drives have dependencies on voltage and
            current levels, on specific versions of software drivers for specific operating systems, and, since
            they contain firmware, may also fail after a specific date.

            It is possible to run a digital archive in such a way that data is periodically migrated to
            newer media. Such a strategy assumes a continued supply of funding and replacement media.
            It is also possible for an organization to rely on external archiving services, but this does not solve
            the question of ensuring that A Very Long Time is sufficiently great.

            Suitable physical media for long-term storage of digital data remains an unsolved
            problem at this time.

            The author of this document once unpacked a computer system; inside the box was also a manual in
            many ring-bound volumes, and it was necessary to open shrink-wrapped stacks of hole-punched paper
            and insert them into the proper binders. One of these manuals was a chapter explaining how to off-load
            the box with a fork-lift truck, and how to open the box. Of course, in order to discover these instructions,
            it was necessary to open the box. When archiving for a Very Long Time, it is important to label the
            archive in multiple languages, with a pen, on the outside of the box. Who, in a thousand years from now,
            would guess that an object clearly marked 90 Minutes Audio Cassette actually contained a computer program?
            If the instructions for unpacking the archive are inside the archive, how will they be used?

        
        
            The Logical Layers

            Computer users are accustomed to metaphors presented by graphical user interfaces.
            For example, a Folder is used as a metaphor for a group of documents. But the actual implementation
            of a File System on most operating systems today involves a list of hard disk block numbers or storage extents.
            It might be that a future data archaeologist will have to inspect those individual disk blocks and piece
            them together. This process is made considerably easier if files larger than a single block are in plain text
            wherever possible, rather than (for example) being compressed. In addition, the fewer layers that must be
            penetrated, the easier the task, so store individual files in folders (directories) rather than in binary
            formats such as zip or tar archives. The process of reconstructing data from a damaged CD-ROM or
            hard drive is tedious, but today at least it is a known skill; many skills fall into disuse, and today
            few people can repair a hole in a saucepan, sharpen a wooden ploughshare, or correctly
            aim a ballista. If an important archive is to be stored for a long time, the layout of the storage
            system file systems must be documented on a separate physical medium.

            A text file
            is in actual fact stored digitally in a way that could be thought of as a sequence of integers,
            with an implied mapping from integers to characters and from
	    character sequences to visible representations known as glyphs.
	    The mapping from integers to characters is known as an encoding;
	    the mapping from characters to glyphs is implemented by fonts.

            
                Coded Character Sets

                A Coded Character Set, or Encoding, is a mapping from integers (or, more properly,
                    codes of some sort) into characters.
                    Some encodings are context sensitive, so that the same integer may map to different
                    characters in different contexts; ISO 2022-JP is an example of such an encoding mechanism.
                    Others are context-free, so that the same integer always maps to the same logical character.
                    Over time, character encodings tend to be modified, for example by introducing the Euro sign,
                    or by fixing minor bugs. There is no general concept of version numbers for encodings, however,
                    so that there is no way to determining which historical version of a given encoding was in use
                    when a document was created. Some encodings (most notably IBM EBCDIC) also have many
                    variations, with no overall consistent, standard naming scheme.

                For the purpose of archiving data for a long time, it is clearly essential to label
                all character encodings used, and to include, along with the archived data, copies
                of the specifications for the encodings. Note that in order to read these specifications,
                people may need to decipher at least some of the encodings used!

            
            
                Fonts and Glyphs

                An encoding transforms the stored computer file, which we consider to be a sequence of integers,
                    into a sequence of logical characters. However, in order for a person to be able to make sense of
                the information, the characters must be presented in some readable form. In the West this is most often
                done using alphabetic symbols from the Latin script. The software that controls
                the mapping from characters to glyphs is a Text Layout Engine. This software generally reads tables to
                indicate that particular sequences of characters are to be displayed as particular sequences
                of character shapes; the definitions of those replacement sequences ans the corresponding
                character shapes (glyphs) are defined in Fonts. In order to read a computer file then, the integers
                must be mapped to characters, the characters to glyphs, and the glyphs rendered on a screen,
                paper, or other device.

                A font is really a piece of software that implements a
                    typeface design. Current font technology, especially
                    OpenType, includes procedural machine code in a language
                    called TrueType; it would be unreasonable to expect that software
                written today will still be runnable twenty years from now. Therefore, as part
                of archiving a document for A Very Long Time, we must also archive depictions of
                the glyphs, perhaps as bitmap images, along with documentation of the bitmap
                image format that was used.

            
            
                Extensible Markup Language (XML)

                Our subject is the archival storage of documents encoded in XML. This encoding should
                not be confused with a coded character set: the XML encoding is defined as a formal
                grammar whose input is  a sequence of characters, not a sequence of integers. The
                characters are defined to be in the Unicode character set, although the particular version
                of the Unicode character set is not clearly defined. We have already noted that information on
                the coded character set should be stored along with the document; we now note that the
                version of XML used, and the corresponding XML specification itself, must also be stored. This is
                not the definition of the actual markup used, but rather the specification for XML itself.

            
            
                Ancillary Formats

                Photographs, illustrations, sound clips, 3D models, digital scent definitions, video and any other non-textual
                information must be archived in a file format that is documented. Where possible, declarative
                formats are to be preferred over procedural, and open, documented formats preferred over closed,
                undocumented formats.

                
                    Declarative and Procedural Formats

                    A format may be said to be Procedural if instances of that format give a complete specification of
                    an algorithm, and Declarative if instead the format describes a desired result without giving a full
                    algorithm.

                    An example of a Procedural format for graphics might be a computer program in the FORTRAN IV language
                    using the Graphics Kernel System (GKS) to draw a series of five rectangles. The program might be several
                    hundred lines long, and would deal with initializing a device context, then with querying which plotter
                    pen colours were available, then issuing an instruction to select (say) the red pen, then telling the
                    robotic plotter to lift the pen, move to a particular place on the paper, lower the pen, and move the
                    pen horizontally by a certain distance, and so on.  Running such a program even five or ten years
                    after it was written may be difficult, as it will probably contain code that is specific to a particular
                    operating environment, and possibly to a particular device. Deducing that a particular
                    Calcomp plotter held the red pen in position five might or might not be trivial.

                    An example of a Declarative format might be an XML Rectangle Language, with
                        five elements called Rectangle, each with a colour="Coates3801" attribute.
                    In this example, although the recipient of the document might not know what Coates3801 means,
                    it is not necessary to perform a computation or to run a program in order to comprehend the
                    intent to draw five rectangles. The outcome has been described, and not the mechanism.

                
		
		    Open And Closed Format Specifications

		    We shall denote by Open Format Specification a specification with the following characteristics, listed with the most
			important first, from the perspective of Very Long Time Archiving of Documents:

		    
				Conforming objects can be created and
				manipulated freely, without needing permission
				or payment of royalties;


				Conforming implementations can be
				created freely, without needing permission or
				payment of royalties;


				The specification itself is available
				and can be copied freely, without needing
				permission or payment of
				royalties;


				In addition to describing an Open
				Format, the Specification itself is available
				in a format defined by an Open Format
				Specification.


		    

		    We shall describe each of these characteristics in
			turn. A specification which does not meet any of them,
			or that meets only the first, we shall denote as a
			Closed Format. It is necessary to consider that, after
			a Very Long Time, the organization that issued the
			Specification may or may not still exist. However, if
			copyright still pertains, it might be that it is no
			longer
			possible to use the Specification until copyright
			expires. Future changes in copyright law may mean that
			copyright no longer ever expires.

                    
                        Objects can be created freely

			If this is not the case, then explicit permission
			    must be obtained from the controlling organization
			    to create the archive, and also to give permission
			    for the archive to be accessed and used. This
			    permission must of course
                        be stored along with the object.

                    
                    
                        Implementations can be created Freely

			After A Very Long Time, it might be that no
			    implementation exists that can still be run. In
			    order to make use of the archive, a new
			    implementation will need to be written. For
			    example, digital hypertext literature written using
			    Hypercard can often no longer be run or
			    experienced; one way to preserve Hypercard-based
			    literature might be to create an open source
			    program to run them, but this is a difficult
			    proposition 

		    
                    
                        The specification can be copied freely

			A Very Long Time from now, a commercially-old
			    specification may well be unavailable.  For
			    example, ISO SQL 92 [ref] has been withdrawn after
			    less than 20 years, and is no longer for sale.
			    Therefore, copies of the specification should be
			    archived along with the documents, and that may
			    require permission. When the archive is used, the
			    copyright status of the specification must be very
			    clear.

                    
                    
                        The Specification itself is written using an Open Format

			An example of a closed format electronic document
			    might be a Magic Wand file (Magic Wand was a word
			    processor in the 1970s and 80s). The format is
			    binary and proprietary, and is no longer available.
			    Magic Wand is also no longer available, and all
			    existing license keys will no doubt have expired.
			    So a specification for a graphics file format (say)
			    that was archived in Magic Wand format would not
			    now be very useful.

			Where the format is not entirely open, text-based
			    formats are generally to be preferred over binary
			    formats, as being easier to pick apart byte by
			    byte, line by line, in the future.

			In the case that the Specification is not
			    available in an open format, multiple formats
			    should be used, perhaps including a bitmap image
			    for each page of a document, to maximise the chance
			    that at least ne of the formats can be read in the
			    future: a sort of digital Rosetta Stone.

                    
                
            
            
                Multiple Copies, Multiple Locations.

                Some digital documents, like antiquarian books, are scarcer than others. With antiquarian books,
                commercial value is related both to scarcity and to interest. With digital documents, commercial
                value is determined by ease of availability and interest. Documents that are widely copied are easier
                to access. The license or copyright by which digital documents are released determines how easy
                it is for other people to share copies of them. However, as digital documents are more widely disseminated,
                there is a greater chance of corrupted or changed copies emerging. This can be counteracted by
                providing a digital fingerprint, known as a signature or checksum hash, along with the file. This
                does not prevent alterations, but makes it possible for people to test to see if the file has been changed.

                Making archived documents widely available in unchanged form is sometimes referred to as “mirroring.” A
                collection of documents that is widely disseminated in this way can survive even if only one of the mirror sites
                survives. However, for this to happen, the mirrors must be funded.

                A private organization might decide to have a distributed archive, with entire copies of the archive
                at several disparate geographical locations. However, if the organization ceased operations, all of the
                archives would probably be closed. Mirroring by multiple organizations is more robust, but there has to be
                a suitably sustainable funding source. Sometimes this can be provided by government grants; in other
                cases, if the documents are suitably licensed, and can be made public for commercial use,
                advertising on Web sites hosting the archive can suffice. In some communities there are already
                mirroring and archiving initiatives such as Lots of Copies Keep Stuff Safe [LOCKSS2008].

            

            
                Summary

                An archive that is expected to outlast the archivist must be self-contained: it must contain
                    not only a single document of interest, but also information about everything needed to decode and
                    use that document, at both physical and logical levels.

                In order to facilitate future decoding of an archive, use separate uncompressed files wherever possible.
                A hierarchical folder or directory structure can help to keep ancillary documents separate from
                the main document.

                There is no definite answer to physical storage formats at this time.

                Where there is a choice of file formats, Open Formats should be used wherever possible.

                Storing information in multiple parallel formats is wise for archiving, as is using multiple locations.

            
        
    

    
	Designing XML-based Formats for Longevity

	In this
	    section we shall assume that the reader has some familiarity with
	    the Extensible Markup Language and associated terminology.

	By the term XML-based Format we intend to denote not only an XML
	    Vocabulary or set of vocabularies, as might be specified in some
	    Schema language such as XSD or DTD or RelaxNG, but also to include
	    any usage guides, documentation, examples and associated social
	    culture.

	We must not assume that XML Processing models
	    will remain the same for A Very Long Time.  For example,
	    xml:id,
	    xml:base,
	    xinclude and
	    other low-level specifications have arisen within the past decade, and
	    there is no reason to suppose that new specifications will not
	    similarly come into being. We can create some guidelines that
	    follow from this observation.

	
	    Avoid Implicit Content

	    Some XML Schema languages,
		including XSD and DTDs, have the ability to provide “default”
		attribute values, or, in some cases, even default element content.
		The document is augmented
		by this content after validation against a schema by a software
		process. Since we cannot assume that software processes will still
		be runnable A Very Long Time from now, we should make sure that the
		archived XML Document can be used without schema validation, and,
		in XML terminology, is a stand-alone document.

	    
	    
		Avoid Obscure Features

		Any feature of XML, or of any other format, that is not widely implemented, or whose
		    behaviour varies between implementations, or whose semantics are not clearly documented,
		    should be avoided. For XML that might include, for example:

		
			Notation, a feature whose semantics are not well-defined;


                	Use of parameter entities in the internal document type definition subset at the start
                of a document, as support for this feature is not required by the XML specification, and not all
                XML processors implement it.


                	The use of inline general entities to introduce markup, as this is not always supported.


                	Use of character encodings other than UTF-8 or UTF-16 or US-ASCII, the only
                encodings currently guaranteed to be supported.


                	Reliance on “well-known” sets of entity definitions such as those provided
                    by ISO 8879:SGML or by HTML; even if these
                entity sets are included with the document, an XML processor that does not support
                DTD processing will be unable to handle the document.


            

        
	
	    Avoid Cryptic Names

	    A necessary precondition of usability is comprehensibility.
		If someone else if to make use of our markup they must
		understand it.
		Consider the example in the following listing, in which short element
		names and a flat strucure have been used for a novel
		(the actual content has been reduced to numbers to avoid
		accidentally introducing anything of interest into this paper):

	    
		<h>1</h><p>3</p><p>10</p><p>21</p><h>64</h><p>129</p>
	    


	    In the listing,
		the relationship of the elements is not explicit.
		An improved version is given in listing 2:
	    

	    <c><h>1</h><p>3</p><p>10</p><p>21</p></c><c><h>64</h><p>129</p></c>

	    Someone inspecting this document might not have enough information to deduce
		the intent of the markup, and we could make the further improvement of listing 3:

	    <chapter>
    <heading>1</heading>
    <paragraph>3</paragraph>
    <paragraph>10</paragraph>
    <paragraph>21</paragraph>
</chapter>
<chapter>
    <heading>64</heading>
    <paragraph>129</paragraph>
</chapter>

	    Of course, such lengthy element names may be inconvenient when
		editing a document.
		Plausible compromises include converting to an archival format,
		or making sure that each document includes sufficient information to
		allow someone to reconstruct this meaning. Of these, the first approach
		seems more likely to stand the test of time.
	    

	
        
            Document the significance of markup items

            Write clear descriptions of the purpose of each XML element and attribute;
            be careful not to rely on the element name in the description. For example, do not
            describe the bulletlist element as containing a bulleted list; describe
            it as containing a sequence of independent items that form a related group or
            sequence, and give an example. The meaning and usage of terms such as Paragraph, Section, List,
            Title, Bullet and Flower, Folio and Explication has not remained constant over the past few centuries, and even today
            is not constant across all cultures.

            A project to archive a body of documents over a Very Long Time might well ensure
            that the documentation is translated into multiple languages, to increase the chance that
            a future user will be able to understand what is written. Of course, one might do the same with
            the actual documents as well as the documentation about the rhetorical and technical
	    contexts of the document. Changing the actual XML Document is outside the scope of this paper,
	    but the possibility of creating an archival format alongside the original
	    document has already been suggested.

        
        
            Validate the Data

            If there is uncertainty about the ability of recipients and users of an archived document to be able
            to use the XML format, there must be considerably more uncertainty about their ability to cope with
            errors in the use of the format. Make sure that all XML data is will-formed: not only the XML Document itself but all supporting information.
            Validate against XML Schemas, DTDs or other test documents wherever possible. Where data fails to validate, the archivist should
            attempt to ask the supplier to provide corrected content; where that is not possible, the original data must obviously be
	    archived, but the archivist should consider including a corrected version of any documents that do not validate, along with information about the validity problems. Including detailed notes about the format emplyed
	is of little use if the documents to not correspond to the documentation.

        
        
            Mean What You Mean To Mean

            There is no clear definition of Meaning that satisfies all users of a typical XML document. Some people
            are interested in denotational semantics from a semiotic viewpoint (what is signified?),
            some in behavioural semantics (what does it do), some merely in human understanding (what is it?).
            A consequence of this is that there is no single universal way to denote the meaning of XML markup.
            W3C XML Schema documents can contain annotation elements for this purpose.
            

        
        
            Check Links

            If your document format has links, whether explicit or implicit, you should check them before
            committing the document or documents to the archive. As a minimum, make sure that all link
            targets exist. Better, make sure that the links go where they should. For example, check the titles
            of sections that are the targets of links, perhaps to the content of an element in the link that exists
            only for that purpose. For off-site links, for example to Web sites, consider archiving a surrogate,
            or including a description of the remote content. Archiving the actual remote Web page may
            require explicit permission, but for some projects this is worth while. Ensure that you are checking
            linked documents in your collection that you are about to archive, and that your link checker
            is not reaching out to a production server elsewhere in your organization! All of this requires provision in
            the design of an XML document format.

            Although the World Wide Web Consortium has produced a specification for marking up
                hypertext links in XML, xlink, this specification is not likely to
            be sufficient even for explicit links, as it does not provide for a pattern to match
            against a given target element in order to validate a link.

            The xlink specification does
                not attempt at all to support implicit links, where, for example, a part-number element
                within a step of a repair procedure is treated as a link to a database of parts, and for printing
                is augmented by a description of the part, and for online publication also becomes
                a hyperlink to an online catalogue. Like implicit content from default elements and attributes,
                implicit links are difficult to archive. The ISO SGML HyTime specification did have support, using a
                mechanism termed Architectural Forms, for at least some level of implicit linking, but HyTime has
                not been adopted by the XML community.
            

            The best approach to linking in documents that are expected to be archived, then,
            is to include in each document some information about link targets. This could be a short
            textual description or an entire resource. For the purpose of link checking, static content
            in the document can be used, such as an attribute whose value specifies an XPath expression,
            and another attribute giving a regular expression (a text pattern) that the result of evaluating
            that XPath expression must match. For example, one might say that the nearest enclosing section
            title of the link target must contain the word Plastic. The utility of this is at archive creation time,
            and during the regular document maintenance life-cycle.

        
        
            Provide for Translations

            After A Very Long Time, language will have changed. Documents that have been translated
            into multiple languages clearly have a better chance of bing understood. A single Rosetta Stone
            is more likely to survive in one place than three separate stones: consider archiving a single file
	    containing all of the translations, or at least a fragment from each language,
	    perhaps first a German paragraph and then a French one and then
            a Swedish one (in alphabetical order by their own names, but that breaks down for languages written
            with non-Latin scripts). Remember that any piece of human-readable text may need to contain markup
            in some language or other, whether to delimit right-to-left and left-to-right components,
            or for Ruby-style annotations, or for emphasis. As a result, all natural-language fragments should
            be in XML elements (not attributes), where they can be distinguished by xml:lang values.
            Designing XML documents for translation has been described elsewhere [e.g. ITS] in detail.

	It can be helpful to have block-level translations, so that (for example)
	    a paragraph or list item in one language can be immediately followed by
	    corresponding text in another language. This does not always work,
	    since the rhetorical structures in different cultures may suggest
	    that material be most naturally presented in different sequences.

        
        
            Provide for Contextualization

            Include a place for authors to make explicit not only the purpose
            of the document, but how it is to be used and how it might fit into the
            ecosystem of the wider context in which it is created. For example, a
            dream journal might have an introduction that says the author wrote
            down memories of dreams each day for a year, but the wider
            context might include that this was part of a therapeutic exercise in
            working out resentment towards alien visitors, and that, after
            a year, the writer's perception about the visitors was changed. This
            sort of explanation is not generally considered necessary for a work of fiction,
            but the boundaries between perception and construction become
            less clearly discernible over time. Harry Potter is a fictional boy,
            but of course the train from King's Cross station in London, and
            the oddly numbered platform there, really exist. They have been
            created after the success of the books, but that small detail may no
            longer be obvious a Very Long Time from now.

            In a business context, the reasons behind particular decisions
            and documents may not be public; it may be desirable to store two
            versions of a document, one of which is to be made available only
            fifty years (say) after its original creation. Some governments have
            similar policies, although the details vary widely between countries.

	    As an example of contexts, consider the following amounts
	    of money: all except one represent the same value.
Table 2	Amount	1/3	6/8
	        	0.33	80	327	0.17	0.19




            Adding some context would make this clearer:

            Table 3	Amount	£1/3	£-/6/8
                	£0.33	80d	£327	$0.17	$0.19




            To belabour the point, even here there is some difficulty. The second item,
                £-/6/8, is a now-obsolete noation for six shillings and eight pence in the pre-decimal British currency; with twelve pennies in
                the pound that made 80d (denarii, pennies). Italy, in pre-Euro days, used the Lira,
                and used the same symbol for currency, although devaluation meant there were of the order
                of a thousand Italian Lira to the Britsh Pound (at some point in history); similarly, the two dollar
                figures are from two different countries using the dollar as a currency symbol. Thus,
            notations and symbols that we take for granted may lose their meaning over time,
            or not be clear to future readers. There is no clear way to determine how
            much context to retain, and yet we must persist in claiming that the more context
            is recorded, the greater the chance of successful communication.

        
        
            Don't be Inventive

            Use existing specifications where possible; if that is impractical,
            consider copying techniques from existing specifications, which can then
            be included in the archive. The more people who use a specific technique,
            the more likely it is to survive.

        
        
            Summary

            Use validated, well-documented XML that wherever possible
            relies on widespread practices.

        
    
    
        XML or Not XML?

        The scope of this paper is intended to be considerations for
        long-term storage of XML Documents. However, what if the best things to
        store are not XML Documents at all? Such considerations could easily fill
        volumes; in this paper, we have room only to delineate a small number
        of features of XML Documents that make them suitable.

        
            Textual Format

            As we have already discussed, textual formats tend to be more robust in
            the face of possible data corruption than compressed or binary formats. If a
            single storage device block becomes unreadable, the rest of the document
            after the lacuna will still be readable, albeit incomplete.

        
        
            Explicit End Markers

            Not all text formats have explicit markup to surround objects, or, if they
            do, may use an ambiguous symbol to mark an ending, such as a close brace or
            a closing parenthesis.  The possibility of data corruption means that the additional
            redundancy of repeating an element name can help to identify errors and limit
            the scope of corruption.

        
        
            Embedded Usage

            XML is used in devices ranging from automobile engines to television sets. Its use
            is very widespread, and it is found in devices expected to last for thirty years or more.
            These devices cannot easily be changed if XML becomes obsolete and is replaced by
            (say) Aldus PageMaker files.
            This means that the chance of XML technology surviving, or being historically retrievable,
            is statistically significant: 3% of 1000 years is 30 years.
            

        
        
            Device Independent

            XML Documents do not generally rely on specific hardware. For example, one does not
            embed Epson dot-matrix printer control sequences in XML documents in order to generate
            underlining. XML-based graphics formats are generally declarative, and do not generally rely on
            initializing a plotter or on the size of a sheet of paper.

        
        
            Open Specification

            The XML Specification meets all four of the criteria given in this paper for a specification
            to be considered fully Open. This is not to say that no other format does: many do.

        
    

    
        Conclusions

        This paper has outlined some considerations for long-term storage of
        XML documents.

        A small amount of extra care and consideration may help to
            provide a framework for document creation with a Very Long Time in
            mind.

        An archived document should have an overview document accompanying
        it, that documents which specifications were used and why, gives a high-level summary of the document itself, lists
        all copyrights and trademarks that may apply (and patents, non-disclosure agreements,
        licenses or other agreements or restrictions on republishing the document in the future),
        and lists all associated files and their purpose.

        Since there may be hundreds or even tens of thousands of ancillary files for a single
        document, especially if specifications are included, use a hierarchical file structure to give prominence to the
        actual document.

        Use open formats wherever possible, and prefer textual formats to binary formats.

        Do not use complex compound file formats such as zip files, which are difficult or impossible to
        repair if they become corrupted. Similarly, store files uncompressed wherever possible.

        For long-term archiving, use multiple organizations and multiple physical locations for the data.

        Do not store data in a vault covered by a large pyramid with a lidless eye carved into it, as you will
        attract aliens.
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        Introduction

         This paper discusses work on the sustainability of linguistic resources as it was
            conducted in various projects, including the work of a three year project
                Sustainability of Linguistic Resources which finished in
            December 2008, a follow-up project, Sustainable linguistic data,
            and initiatives related to the work of the International Organization of Standardization
            (ISO) on developing standards for linguistic resources. The individual projects have
            been conducted at German collaborative research centres at the Universities of Potsdam, 
            Hamburg and Tübingen, where the sustainability work was coordinated. 

         Today, most language resources are represented in XML. The representation of data in
            XML is an important prerequisite for long-term preservation but a reasonable
            representation format such as XML alone is not sufficient. Though XML is being said to
            be human-readable it is obvious that legibility is a rather problematic notion in terms
            of photos encoded in SVG, complex structures generated from data dumps of databases and
            other applications or even formats such as Office Open XML. In the linguistic data
            community, various flavours of stand-off annotation also demonstrate the complexity 
            of the problem. 

         Usually these data formats are not meant to be read by humans, though the advantages
            mentioned in XML-introductions still hold, namely, that data modelled according to the
            standardized and continuously maintained XML formalism can be read and analysed by 
            human users to re-engineer tools using simple parsers for validation and mental effort.
            

    

    
        Case Study: The Project “Sustainability of Linguistic Resources”

         This section briefly presents SPLICR, the Web-based Sustainability Platform for
            Linguistic Corpora and Resources aimed at researchers who work in Linguistics or
            Computational Linguistics: a comprehensive database of metadata records can be explored
            and searched in order to find language resources that could be appropriate for one’s
            specific research needs. SPLICR also provides a graphical interface that enables users
            to query and to visualise corpora. 

         The project in which SPLICR was developed aimed at sustainably archiving the language
            resources that were constructed in three collaborative research centres. The groups in
            Tübingen (SFB 441: “Linguistic Data Structures”), Hamburg (SFB 538: “Multilingualism”),
            and Potsdam/Berlin (SFB 632: “Information Structure”) built a total of 56 resources
            – corpora and treebanks mostly. According to our estimates it took more than one
            hundred person years to collect and to annotate these datasets. The project had two main
            goals: (a) To process and to sustainably archive the resources so that they are still
            available to the research community and other interested parties in five, ten, or even
            20 years time. (b) To enable researchers to query the resources both on the level of
            their metadata as well as on the level of linguistic annotations. In more general terms,
            the main goal was to enable solutions that leverage the interoperability, reusability,
            and sustainability of a large collection of heterogeneous language resources. 

         One of the obstacles we were confronted with was providing homogeneous means of
            accessing a large collection of diverse and complex linguistic resources. For this
            purpose we developed several custom tools in order to normalise the corpora and their
            metadata records. 

        
            Normalization of Linguistic Resources

             Language resources are nowadays usually built using XML-based representations and
                contain several concurrent annotation layers that correspond to multiple levels of
                linguistic description (e.g., part-of-speech, syntax, coreference). Our approach
                included the normalization of XML-annotated resources, e.g., for cases in which
                corpora use PCDATA content to capture both primary data (i.e., the original text or
                transcription) as well as annotation information (e.g., POS tags). We used a set of
                tools to ensure that only primary data is encoded in PCDATA content and that all
                annotations proper are encoded using XML elements and attributes. 

             A second reason for the normalization procedure was that both hierarchical and
                timeline-based corpora needed to be transformed into a common annotation approach,
                because we wanted our users to be able to query both types of resources at the same
                time and in a uniform way. The approach can be compared to the NITE Object Model
                    (Carletta2003): we developed tools that semiautomatically
                split hierarchically annotated corpora that typically consist of a single XML
                document instance into individual files, so that each file represented the
                information related to a single annotation layer; this approach also guaranteed that
                overlapping structures can be represented straightforwardly. Timeline-based corpora
                were also processed in order to separate graph annotations. This approach enabled us
                to represent arbitrary types of XML-annotated corpora as individual files, i.e.,
                individual XML element trees. These were encoded as regular XML document instances,
                but, as a single corpus comprises multiple files, there was a need to go beyond the
                functionality offered by typical XML tools to enable us to process multiple files,
                as regular tools work with single files only. The normalization process is
                described in more detail in Witt2007. 

            [image: Resource normalization and SPLICR's staging area.]
                    
                
Figure 1.Resource normalization and SPLICR's staging area.
        
        
            Normalization of Metadata Records

             The separation of the individual annotation layers contained in a corpus has
                serious consequences with regard to legal issues: due to copyright and personal
                rights specifics that usually apply to a corpus’s primary data we provided a
                fine-grained access control layer to regulate access by means of user accounts and
                access roles. We had to be able to explicitly specify that a certain user only has
                access to the set of, say, six annotation layers (in this example they might be
                available free of charge for research purposes) but not to the primary data, because
                they might be copyright-protected. 

             The generic metadata schema used for SPLICR, named eTEI, was
                based on the TEI P4 header and extended by a set of additional requirements. We
                decided to store both eTEI records and also the corpora in an XML database. The
                underlying assumption was that XML-annotated datasets are more sustainable than, for
                example, data stored in a proprietary relational DBMS. The main difference between
                eTEI and other approaches is that the generic eTEI metadata schema, formalized as a
                document type definition (DTD), can be applied to five different levels of
                description. One eTEI file contains information on one of the following levels: (1)
                setting (recordings or transcripts of spoken language, describes the situation in
                which the speech or dialogue took place); (2) raw data (e.g., a book, a piece of
                paper, an audio or video recording of a conversation etc.); (3) primary data
                (transcribed speech, digital texts etc.); (4) annotations; (5) a corpus (consists of
                primary data with one or more annotation levels). We devised a workflow that helps
                users to edit eTEI records. The workflow’s primary components were the eTEI DTD and
                the Oxygen XML editor. Based on structured annotations contained in the DTD we
                automatically generate an empty XML document with embedded documentation and a
                Schematron schema. The Schematron specification is used to check whether all
                elements and attributes instantiated in an eTEI document conform to the current
                level of metadata description. 

        
        
            Architecture

             The sustainability platform SPLICR consists of a front-end and a back-end. The
                front-end is the part visible to the user and is realized using JSP (Java Server Pages) and
                Ajax technology. It runs in the user’s browser and provides functions for searching
                and exploring metadata records and corpus data. The back-end hosts the JSP files and
                related data. It accesses two different databases, the corpus database and the
                system database, as well as a set of ontologies and additional components. The
                corpus database is an XML database, extended by AnnoLab, an XML/XQuery-based
                corpus query and management framework that was specifically designed to deal with
                multiple possibly concurrent annotation layers, in which all resources and metadata
                are stored. The system database is a relational database that contains all data
                about user accounts, resources (i.e., annotation layers), resource groups (i.e.,
                corpora) and access rights. A specific user can only access a specific resource if
                the permissions for this user/resource tuple allow it. 

        
        
            SPLICR: Concluding Remarks

             The corpus normalization and preprocessing phase in this project started in early
                2007 and was finished in May 2008, the process of transforming the existing metadata
                records into the eTEI format was completed in June 2008. Work on the querying engine
                and integration of the XML database, metadata exploration and on the graphical
                visualization and querying front-end as well as on the back-end was carried out in
                the summer of 2008; a first prototype of the platform was finished in October 2008.
                    Rehm2009 gives a more detailed description of the project.
            

        
    

    
        XML and Sustainability: Problems and Solutions

        
            Problem: Stand-off Annotation

             Stand-off markup refers to the physical separation of annotations and 
                text. Piotr Bański described this technique thoroughly at Balisage 2010 (Banski2010). Stand-off annotation allows for marking up text
                without altering it by the inclusion of markup. It is the opposite approach to 
                inline or embedded markup that was one of the principle ideas behind SGML and its
                successor XML. The term stand-off annotation was introduced
                by Henry Thompson and
                David McKelvie in 1997 (thompsonetal97), however the principles of
                this technique are even older, since, e.g., the linking mechanisms described in TEI P3
                already allowed to mark up texts by linking annotations to text regions. Within the
                last couple of years the use of stand-off markup became predominant, especially for
                complex linguistic annotations. 

             Linguistically annotated corpora use stand-off markup extensively. Stand-off is
                also predominant within the forthcoming ISO standard “Linguistic Annotation
                Framework” (LAF, ide-romary2007). 

            <!-- base segmantation --> 
<region id="r42" a="24 35"/>

<!-- annotation over the base segmentation -->
<node id="n16">
   <f name="pos" value="NN"/>
</node>
<edge from="n16" to="r42"/>

<!-- annotation over another annotation --> 

<node id="n23">
   <f name="synLabel" value="NP"/>
   <f name="role" value="-SBJ"/>
</node>
<edge from="n23" to="n16"/>

<!-- ... -->

                
            
Figure 2.LAF based linguistic annotationExample of linguistic stand-off annotation (see [Trippel2007] Trippel, T., Declerck, T. and Ide, N. “Interoperable Language Resources”. In: SDV Sprache und Datenverarbeitung/International Journal for Language)


             Stand-off annotation has witnessed an increase in use due to the advantages of
                this approach (see Banski2010 and Banski2009),
                but considering the sustainability and interoperability point of view, there are 
                quite a few disadvantages (see Witt2004): 

                    	
                        very difficult to read for humans

                    

                    	
                        the information, although included, is difficult to access using
                            generic methods

                    

                    	
                        limited software support as standard parsing or editing software
                            cannot be employed

                    

                    	
                        standard document grammars can only be used for the level which
                            contains both markup and textual data

                    

                    	
                        new layers require a separate interpretation

                    

                    	
                        layers, although separate, often depend on each other

                    

                

             Our solution to overcome these problems is to process the standoff annotations
                and the annotated source text so that multiple annotations of the same text are created 
                that are archived together with the original stand-off
                resources. This approach achieves sustainability through redundancy. 

        

        
            Problem: Machine-Generated XML

             Today, a lot of XML data is generated by machines. Many of those XML documents
                are used for machine-to-machine communication, e.g., as SOAP-messages in web
                services. However, these messages are rather short-lived and will not be considered
                in this paper. 

             A growing number of applications use XML to store documents.
                These XML documents differ greatly from handcrafted XML and are rather complicated,
                especially with respect to the semantics of their tag sets, structure and code layout
                and therefore are difficult to comprehend by humans. Since users usually do not work
                with these documents directly this issue is not of a big concern. From a sustainability
                point of view these documents present a challenge though. 

            [image: Screenshot of Microsoft Word 2007]
                    
                
Figure 3.Screenshot of Microsoft Word 2007
             As an example, the figure shows a conference paper created with Microsoft Word (see Figure 3, “Screenshot of Microsoft Word 2007”).
                Since the 2007 version of Microsoft Office documents are saved by default in Office Open
                XML format (OOXML) (see OOXML) and are – as the name
                suggests – encoded in XML. With regard to sustainability this is, in
                principle, a step in the right direction, but OOXML itself is not sufficient. [1] Without the corresponding application the generated XML document is very hard to
                understand or to use. Figure 4, “OOXML excerpt” shows an excerpt of the
                resulting OOXML document for the first heading and paragraph. The document is mostly
                structured by sections and paragraphs, but the OOXML structure does not show
                this structure in a transparent way. The following can be noted: 

                    	
                        There is no difference in markup used for headings and paragraph. Both
                            are encoded by w:p elements. A heading made different from a
                            paragraph by adding further information through the
                                w:pStyle element. It's w:val attribute
                            denotes whether the construct is a heading (“Heading1”) or a regular
                            paragraph (“Textkorper”). More style information is encoded
                            in additional XML files, but this still does not yield enough
                            properties to resolving their role in structuring the text. 

                    

                    	
                        The running text in the paragraph is heavily fragmented. For example
                            the words “Referenzkorpus” or “established” are – for no apparent
                            reason – both fragmented into 3 parts with a middle part which
                            only contains a single character. The fragmentation could be the result of
                            editing the document in MS Word's Track Changes mode.

                    

                    	
                        The markup contains rather complex constructs, e.g., the handling of
                            italics. The words “Mannheimer Korpus 1” are set in italics. The
                            formatting is applied to a text-run (w:r element) which has
                            formatting information applied to it by means of a w:rPr
                            element.

                    

                

            <?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<w:document xmlns:ve="http://schemas.openxmlformats.org/markup-compatibility/2006"
    xmlns:o="urn:schemas-microsoft-com:office:office"
    xmlns:r="http://schemas.openxmlformats.org/officeDocument/2006/relationships"
    xmlns:m="http://schemas.openxmlformats.org/officeDocument/2006/math"
    xmlns:v="urn:schemas-microsoft-com:vml" xmlns:w10="urn:schemas-microsoft-com:office:word"
    xmlns:wp="http://schemas.openxmlformats.org/drawingml/2006/wordprocessingDrawing"
    xmlns:w="http://schemas.openxmlformats.org/wordprocessingml/2006/main"
    xmlns:wne="http://schemas.microsoft.com/office/word/2006/wordml">
    <!-- ... -->
    <w:p w:rsidR="00A77FB8" w:rsidRDefault="00A77FB8">
        <w:pPr>
            <w:pStyle w:val="Heading1"/>
            <w:numPr>
                <w:ilvl w:val="0"/>
                <w:numId w:val="5"/>
            </w:numPr>
        </w:pPr>
        <w:r>
            <w:lastRenderedPageBreak/>
            <w:t>Introduction</w:t>
        </w:r>
    </w:p>
    <w:p w:rsidR="00A77FB8" w:rsidRDefault="00A77FB8" w:rsidP="007357D1">
        <w:pPr>
            <w:pStyle w:val="Textkorper"/>
        </w:pPr>
        <w:r>
            <w:t>The Institute for the German Language (IDS) has a long tradition in building 
            corpora. DeReKo (Deutsches Refe</w:t>
        </w:r>
        <w:r>
            <w:t>r</w:t>
        </w:r>
        <w:r>
            <w:t xml:space="preserve">enzkorpus), the Archive of General Reference Corpora of 
            Contemporary Written German, has been set </w:t>
        </w:r>
        <w:r w:rsidR="003A1540">
            <w:t>off</w:t>
        </w:r>
        <w:r>
            <w:t xml:space="preserve"> as the </w:t>
        </w:r>
        <w:r>
            <w:rPr>
                <w:i/>
            </w:rPr>
            <w:t>Mannheimer Korpus 1</w:t>
        </w:r>
        <w:r>
            <w:t xml:space="preserve"> project in 1964. Paul Grebe and Ulrich Engel succeeded in 
            compiling a corpus of about 2.2 million running words of Written German by 1967. Since 
            then, further corpus acquisition projects esta</w:t>
        </w:r>
        <w:r>
            <w:t>b</w:t>
        </w:r>
        <w:r>
            <w:t>lished a ceaseless stream of electronic text documents and let the corpus to grow 
            steadily (Kupietz &amp; Keibel, 2009).</w:t>
        </w:r>
    </w:p>
    <!-- ... -->
</w:document>

                
            
Figure 4.OOXML excerpt An excerpt of an OOXML document produced by MS Word 2007 (the
                        document was reformatted for readability). 


             Just having data encoded in XML does not automatically make the data sustainable.
                Especially very complex tag sets such as OOXML are of very limited use if one does
                not have an application which understands these formats. For almost any given application, obtaining and using such
                a piece of software will most probably pose a big problem a few years later.
                Sustainability of software is a whole different topic by itself and is not within the scope of this paper. 

             As a possible solution for this problem we propose to provide the
                machine-generated XML data in multiple formats. For example, the OOXML document
                can be stored in its native format, in plain text or in Portable
                Document format (PDF). Furthermore, filters can be used to remove those XML elements and
                attributes from the machine-generated code that are not necessary. It would be even
                better to transform the machine-generated XML data to established formats such as TEI
                    (TEI-P5). 

             Other than that, one should provide various descriptions and a thorough
                documentation of the data format, not only providing the schema but also tutorials,
                conceptual descriptions or similar documents for human reimplementation of tools
                operating on the machine-generated XML code. 

        

        
            Problem: Proprietary Tag Sets

             In the document lifecycle, especially when taking long-term maintenance and
                archiving into account, it is a common problem that XML tag sets and document
                grammars are being used that are not well established outside the 
                group defining the tagset. The use of XML tags following the insights and beliefs of
                the individual who wrote the schema as such does not pose the problem, but the
                interpretation of the schema by somebody reviewing the material later may cause
                problems, because no one else knows and understands the implicit logical constraints
                of tag and attribute names as well as data structures. 

             The usual answer to the use of proprietary tag sets would be not to use them at
                all and to replace them by standard annotation schemas and tagsets wherever
                possible. For example TEI (TEI-P5), tagsets developed in the
                context of the standardization processes of ISO TC 37 SC 4 (“Language Resources”) or
                DocBook for technical articles and texts (see Walsh1999) come to
                mind. However, these tagsets do not always fit the given problem very well and using
                them often results in the well-known problem of tag abuse: tags are used in
                unintended ways or – even worse – users confuse the semantics of tags
                with their intended use. In these cases the results are bound to be more confusing
                than starting from an idiosyncratic tagset. Therefore, if users decide to use one of
                the established tagsets they should thoughtfully select the most appropriate one for a
                given problem. 

             More critical are those cases in which for various reasons no established tagset
                is used. Reasons for not selecting established tagsets range from not knowing about
                tagsets, not understanding tagsets, via policy reasons to the unavailability of
                appropriate tagsets. For example commercial terminological applications may use a
                data model that is consistent with established standards (such as ISO_16642 in combination with ISO_30042) but use a
                native XML format that is very similar but utilises different generic identifiers (for
                example SDL Trados MultiTerm 2009 shows this behaviour). The reason for this does not lie
                in the technology, but in management decisions. In each of these cases it is not
                sufficient to include the document grammar only to achieve valid XML, but further
                documentation is required. The basic idea is to document everything. 

             One way of approaching this problem is by providing a reference in the element
                description to an ontology or some other form of knowledge representation to define
                the data types with possible values. Data types here refer both to XML elements and
                attributes, similar to data types used in XML schema. The reference to the external
                definition of the elements allows for a human user to evaluate the correctness of
                the semantic interpretation, possibly also to automatically evaluate the content
                using a parser. With external definitions the data types are unambiguously
                described according to available means. 

             The definition by reference is only one part of the definition, for human use it
                is advisable to use a documentation with the tag set that uses multiple examples. This
                    prototype semantics of a tagset is intended to explain the
                meaning of tags and attributes as applied in a given domain or application. For
                human use it is also recommended to use names that bear a certain meaning, i.e., which
                are easily interpretable by a person reading them. Interpreting and understanding
                element and attribute names and values depends on a common background of the creator
                and user. For example, it is harder if both do not use the same script or language,
                because mutual intelligibility is important. 

             In the field of language resources this method has been implemented with ISOcat (ISO_12620).
                ISOcat is a registry for data categories used in describing terminological databases
                and language resources. All data categories needed in these fields are allowed to be
                registered with a unique identifier, definition and name in various languages. Several
                data categories have been defined, but the list is open, hence it is possible to
                insert data categories that are needed but not available in the registry yet. The
                registry consists of two parts, a private and a public section. Every data
                category that is defined or used by a project or tagset is first defined in a
                private workspace that is nevertheless part of the registry and can be reused and
                referenced. Data categories that are important for various contexts can then be
                moved from private workspaces to the public area by domain experts. This
                promotion includes a quality assessment of the definitions as well as a check for
                possible redundancy in the registry. By this means consistency and documentation of
                data categories is fostered, together with persistent identifiers of the data
                categories, even in the case of the renaming of elements. 

             Based on the idea of persistent category definitions, the Component Metadata Infrastructure
                (CMDI, see Broeder2010) was designed. CMDI is intended for
                describing language resources. These resources are of various types and require
                different metadata schemas to appropriately describe the contents in a form that
                allows a human user to understand what kind of resources they have to expect. Most
                of these schemas are far more detailed than traditional metadata schemas from
                archivist containing bibliographical data, but also contain keywords, abstracts,
                subject fields, participants, annotation schemas, etc. For reusability reasons the
                data categories are clustered into components, and components
                are combined to other components or to a profile, which is more
                or less a metadata schema for a specific type of resource, the components also
                allowing the definition of a value schema for each data category. The data
                categories which are used in the components do not provide their own description,
                but refer to the data category registry, for example ISOcat or Dublin Core, using 
                URIs. By this procedure, the concrete tag name becomes language, script and
                application independent, because the definition is given in a central repository.
                User interfaces are provided with the component registry web tool and the Arbil
                Metadata editor developed by the Max Planck Institute for Psycholinguistics (all
                available at the CMDI site).
            

        

        
            Problem: Availability and Findability

             Many researchers creating language resources are more than willing to share their
                resources with close colleagues upon request. However, for various reasons such as
                personal, privacy or property rights they tend to restrict public access to these
                resources. Furthermore, resources created in research contexts are usually designed for
                specific purposes such as the analysis of specific linguistic phenomena. The resource itself is
                mostly not visible, because research publications discuss the phenomena and their
                analysis, but usually do not describe the resource in great detail. However, these
                publications are often the only documentation for the existence of the resource and describe the rationale behind their creation.
                Hence, accessibility to language resources is a major problem to be dealt with. 

             Especially in fields with a large economic interest in linguistic resources, such
                as statistical language processing and machine learning, data centres or distribution
                agencies were created to address the problem of accessibility. These data centres provide
                material in large quantities and they use rather flat structures for their data.
                In contrast, resources created by individual research projects and researchers
                are often deeply structured and tend to be much more detailed and complex.
                Data centres have standard procedures for intellectual property rights handling and
                cataloguing resources using bibliographical procedures. Language resources from
                commercially less interesting areas or resources that are deeply structured, can
                hardly be found in these data centres. Even if such resources are accessible
                elsewhere, they cannot be reliably located by general search engines. Most often
                they will only be part of the statistical noise of general search engine results.
                There are some specialized search engines, such as ODIN (see
                    http://www.csufresno.edu/odin) for interlinear glossed text, but
                they usually do not provide users with knowledge about the text type and what kind
                of structures and content to expect in the resource. 

             The solution is well-known from the initial ideas around the semantic web: metadata descriptions of resources should be used that are based on standards,
                quasi-standards, best practice and which are used for specialized catalogues of
                resources. Providing exhaustive metadata records enables a possible user to
                understanding the structures and content of a resource, not necessarily the document
                grammar, but at least they would give a fair idea on the theory behind it. 

             Providing metadata refers to issues of proprietary tagsets and controlled
                vocabulary again. The keywords used to describe a resource ideally refer to a
                conceptual space, in which all concepts are well defined and classified according to
                superordinate and subordinate terms. The reference to the concept system or to an
                ontology requires standardized values. Standardized values means that a central,
                accessible structure needs to provide them, i.e., a kind of a registry such as ISOcat.
            

             In the process of metadata creation different perspectives can be taken: the
                perspective of the author of the resource, the software engineer, the publisher and
                the person looking for a resource later, to name just a few.
                These different roles in relation to a resource are not mutually exclusive in terms
                of metadata categories, but in the creation process different areas are emphasized. For 
                example the publisher will usually be more interested in
                making sure that the copyright is explicitly defined than the user searching for a
                specific resource to be employed for a specific use case. Software engineers will be
                interested in technical features, while archivist require bibliographical data. 

             For the creation of metadata it is essential to use the perspective of
                prospective users. Though it can be argued that not all possible users and their
                requirements can possibly be anticipated, the perspective of users, especially with
                other backgrounds, helps to include not only technically relevant metadata but also
                descriptive metadata relevant for human users. Technical metadata here means those
                bits of information required by someone implementing tools for processing the data,
                while descriptive metadata refers to those classifications that help a possible user
                to understand the content of a resource before actually seeing it. 

             Taking various user groups into account when selecting the descriptive detail of
                metadata also allows the design of structured search engines. Structured search
                engines here refer to search engines not only interpreting the textual content of
                pages but that take into account the structure of the metadata. The intention behind
                using the structure of metadata is to provide search results with a higher
                precision while providing a high recall at the same time, which is not necessarily
                achieved by full text based search engines. 

             Additionally it is recommended to make these datasets available through as many
                national and international catalogues and initiatives in the respective field or sub-field as
                possible (see Conclusions) and also to enable harvesting of metadata sets using OAI-PMH. With the help of these catalogues
                it is possible to announce the availability of the dataset to the scientific
                community using websites, blogs, etc.
            

        

        
            Problem: Selection and Qualification for Long-Term Archiving

             In the past, resources were either available or not, a lot of data was lost due
                to conversion problems, technical failure, etc. For each of these there are
                technical solutions, but a major problem remains in the question: what is worth
                archiving? Resources undergo a life cycle and in general it is agreed that not every
                step in the life cycle is worth being archived. In contrast to that, some resources
                are supposed to be archived, even if they did not reach the archival phase of the
                intended life cycle. Finding formal criteria for deciding upon archiving or not is a major
                problem that still remains unsolved, one that might be unsolvable as such. 

             Criteria for deciding which resource should be archived fall into different
                categories: status, technical quality, organizational and institutional
                requirements, extent of use, quality evaluation and longevity. Some of these
                criteria depend on each other, but can be evaluated independently and therefore be
                used to measure the need for archiving a resource. 

             The status of a resource defines the formal editing status, starting from first
                draft versions to released or published versions, etc. Projects that work with a
                life cycle model in resource creation need to archive those documents that are in
                the archiving phase. Naming conventions and value schemas for the different phases 
                vary greatly. However, the archive status cannot be the sole criterion,
                because in some projects resources get stuck in an earlier state and do not reach the
                publication phase, but considering other criteria, they nevertheless may qualify for
                or even require long-term archiving. 

             Especially for technological applications the technical quality can be of prime
                importance. For some testing environments it is sufficient to have a resource that
                is technically adequate and has the correct size, so it can serve as a reference point
                or for testing procedures, algorithms and technologies, even if the content and
                status as such are incomplete and still pending improvement. Consequently, the
                technical quality can be a decisive factor for long-term archiving. 

             Institutionalized requirements may force data providers to submit material, for
                example close to the end of a project life, while others are hesitant in providing
                data for various reasons, even if the quality is much higher. These requirements are
                usually negotiated with archivists and partners, but often result in
                archiving the resource regardless of other criteria. 

             A resource that is widely used by various groups needs to be archived regardless
                of other factors, because it is used as a reference Ὰ ignoring other criteria
                such as quality and status. One reason could be that it is the only resource
                available or has unique properties. Though the use of a resource by a variety of
                users is complex to evaluate, this criterion seems to be obvious. 

             Quality is another factor in an evaluation matrix. In contrast to an approach
                which might be termed a take-whatever-you-can-get approach in archiving, archiving
                material without prior evaluation is not desired, as the information flood becomes
                unmanageable, if not for saving, then for retrieval and search. The assessment can
                be both formal by algorithmic processes that can also provide information on the
                technical quality mentioned before, or by a peer reviewing process. In the latter,
                experts decide on the quality of a resource and based on this judgment a resource is
                archived or disregarded. 

             Even more problematic but essential is the question of longevity of a resource. A
                resource that is most likely to be usable for a long period of time is supposed to
                be archived. The usability over a long period depends on the application of a
                resource. If the resource answers to demands that are continuously present, then the
                resource needs to be available, hence archived, even if the number of users might be
                small. 

             When measuring all of these criteria separately it is comparatively easy to
                define a threshold of criteria that need to be fulfilled in order for a resource to
                be archived. The threshold is selected in a way that each criteria can serve as an
                overriding criterion, that is, if one of these criteria mandates archiving, then the
                resource will be archived. But if there is no criteria with this requirement, the
                values can accumulate. If the threshold is not set too low, the resource will then be
                archived. 

             The ultimate goal for working with resources is of course to achieve a high
                quality resource, that is highly regarded by experts, used and usable for many
                years, and reaches a maturity level that is technically well established, etc.
                However, for most resources there are limitations that are not supposed to interfere
                as knock-out criteria for long-term archiving. 

        

        
            Additional Pitfalls

             Technical sustainability is one aspect of sustainability. Other major aspects are
                organizational sustainability and legal issues – two issues not to be
                underestimated. While the technical sustainability is an engineering task which
                seems to be solved in most cases with semi-automatic migration procedures for
                digital devices, this is not true for organizational and legal aspects.

            
                Eide2008 claim that organizational sustainability may even be more
                important than technical sustainability, because valuable resources can easily be
                lost when an organization is shut down. They list several examples from cultural
                heritage management, where shutting down museums almost lead to the loss of
                resources, e.g., the Newham case where data was only saved because the staff acted
                quickly and dumped it to floppy disks. Sometimes, the resources also exist on paper and
                could be digitized again, but as there is a movement away from paper, this option
                will cease to exist soon. 

            Organizational sustainability is a rather fragile process because it correlates
                with funding and institutional commitment, which are rather soft and fragile factors. 
                Due to the structure of funding organizations it is hardly
                possible to receive a statement of commitment for a very long period of time. For
                example, the duration of German collaborative research centres is limited to 12
                years. Other long time programs exist, but it is virtually impossible to find a
                commitment for more than 20 years. Therefore, ventures in sustainability also need
                to consider the organizational aspect with a proper strategy how to guarantee taking care
                of resources in the years to come – either by securing continuity of
                the organization itself or by preparing and implementing a proper migration plan for
                resources to a different organization. Preparing for both cases would be even
                better. 

             Another issue are legal aspects. Especially in the field of linguistics,
                intellectual property rights create their own set of problems which have to be dealt
                with when thinking about sustainability (see Lehmberg2008 and
                    Zimmermann2007). These issues are investigated in the context
                of international projects such as CLARIN and META-NET; the current direction is
                to work out licensing models (see Linden2010 and Weitzmann2010). These intellectual property rights issues are
                especially tricky as linguistic resources often cross political and cultural
                borders, hence not only legal issues but also ethical implications are involved. 

        
    

    
        Conclusions

         Sustainability of language resources is an aspect wanted and needed by data
            providers, users and funders alike. To be able to speak of sustainable resources it is
            necessary to make resources available according to defined processes, platforms or
            archives in a reproducible and reliable way. To this end, XML is an essential part of a
            complex approach which, additionally, also encompasses other standards on multiple
            levels. These are requirements, but tools and systems, accessible in a reliable manner
            and operating based on standards, are important as well. 

         With SPLICR there is a proof-of-concept implementation of large parts of the
            functionality required for sustainability platforms. A platform alone is a node in the
            sustainable web of trusted resource repositories, each repository providing
            organizational support, technical infrastructure with archiving technology, and being
            entrusted to use specified procedures to respect privacy and rights of data providers
            while providing non-discriminatory access to the resources according to stated
            procedures and rights holders restrictions. Part of this network is also the cooperation
            of various national and international initiatives. In cases of sustainability a certain
            amount of overlap between these projects is desirable to further foster interoperation
            and reliability of tools, data centres and increase redundant archives, avoiding major
            problems in disaster scenarios. 

         All in all it can be said that with a number of international projects such as CLARIN
            and META-NET along with its META-SHARE open resource exchange facility, together with
            the initial implementations of various tools, the development of standards in the ISO
            Technical Committee 37, Subcommittee 4 “Language Resources” (see TC 37 SC 4) and establishment of
            de-facto procedures, the sustainability of language resources is no longer something
            that needs to be argued for. Instead, the situation has changed dramatically, as the
            very real problem of providing sustainable data sets is, by now, firmly anchored in
            academic as well as commercially oriented research centres. With raised awareness in
            the community, the continuation of language resource distribution projects and
            institutional support by academic libraries and institutions, chances are more than
            promising for providing sustainable resources, using XML technology and state of the art
            processes. 
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1. Introduction

The Institute for the Gennan Language (IDS) has a long
tradition in building corpora. DeReKo (Deutsches Refer-
enzkorpus), the Archive of General Reference Corpora of
Contemporary Whitten German, has been set off as the
Mannheimer Korpus I project in 1964. Paul Grebe and
Ubich Engel succeeded in compiling a corpus of about
2.2 million running words of Wiitten German by 1967.
Since then, futher corpus acquisition projects estab-
lished a ceaseless stream of electronic text documents
and let the corpus to grow steadily (Kupietz & Keibel,
2009).

s of 2010 the corpus, which is intended to serve as an
ompirical basis for Germanic linguistic research, com-

question and some statistical population. Thus the com-
position of a sample should be part of usage phase and
notpart ofthe design phase ofa corpus that shall be used
a5 2 general basis for empirical inguistic research. As a
consequence of this so called primordial sample ap-
proach, the text acquision can concentrate on the
maximization of size and smatification and as any
DeReKo-based samples can be defined an overallboost
of versatility and re-usability is achieved (cf. Kupietz et
al,2010).

To allow for a broad sampling of language data, the IDS
Bas negotiated license contracts with various copyright
owmers, such as authors, publishing houses and news
papers. The contracts grant non-commercial academic
use of the data exclusively and allow access only via
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