[image: Balisage: The Markup Conference]2009
Balisage Series on Markup Technologies
Volume 3: Proceedings of Balisage: The Markup Conference 2009
Balisage: The Markup Conference 2009
Montréal, Canada
August 11 - 14, 2009

Balisage Series on Markup Technologies
ISSN 1947-2609
Volume 3: Proceedings of Balisage: The Markup Conference 2009
ISBN-13 978-0-9824344-2-0
Balisage: The Markup Conference 2009
Montréal, Canada
August 11 - 14, 2009

Publication Information
	Series
	Balisage Series on Markup Technologies
	Volume
	Volume 3: Proceedings of Balisage: The Markup Conference 2009
	Conference
	Balisage: The Markup Conference 2009
	Location
	Montréal, Canada
	Dates
	August 11 - 14, 2009
	ISSN
	1947-2609
	ISBN-10
	0-9824344-2-1
	ISBN-13
	978-0-9824344-2-0

Responsible parties
	Chair
	B. Tommie Usdin — Mulberry Technologies
	Co-chairs
	Deborah A. Lapeyre — Mulberry Technologies
	Co-chairs
	Steven R. Newcomb — Coolheads Consulting
	Co-chairs
	James David Mason — Y-12 National Security Complex
	Co-chairs
	C. M. Sperberg-McQueen — Black Mesa Technologies
	Producer
	Mulberry Technologies, Inc.

Official sources
	Official acknowledgements
	Official masthead
	Official Table of Contents
	Official volume page

About These Proceedings
Balisage Series on Markup Technologies records published proceedings from Balisage events. This volume presents the official entries for Balisage: The Markup Conference 2009, held in Montréal, Canada on August 11 - 14, 2009.
Contributions appear in the order published in the official volume. Entries reproduce the official published material available for this proceedings volume.
Table of Contents
	Publication Information
	About These Proceedings

	Prying Apart Semantics and Implementation: Generating XML Schemata directly from ontologically sound conceptual models. (Bruce Todd Bauman)
	hData - A Simple XML Framework for Health Data Exchange. (Gerald Beuchelt et. al.)
	An XML user steps into, and escapes from, XPath quicksand. (David J. Birnbaum)
	The Graphic Visualization of XML Documents. (Borovsky, Zoe, David J. Birnbaum, Lewis R. Lancaster et. al.)
	Open data and the XML community. (Kurt Cagle)
	Visual Designers: Those XML tools with no angle bracket at all! (Jean Michel Cau et. al.)
	XML best practices: panel discussion. (Chesnutt, David, Betty Harvey, Laura Kelly et. al.)
	Towards markup support for full GODDAGs and beyond: the EARMARK approach. (Angelo Di Iorio et. al.)
	Test Assertions on steroids for XML artifacts. (Jacques Durand et. al.)
	Why writers don't use XML: The usability of editing software for structured documents. (Peter Flynn)
	A practical introduction to EXPath: Collaboratively Defining Open Standards for Portable XPath Extensions. (Florent Georges)
	Markup Meaning and Mereology. (Claus Huitfeldt et. al.)
	You Pull, I’ll Push: on the Polarity of Pipelines. (Michael Kay)
	Documenting and Implementing Guidelines with Schematron. (Joshua Lubell)
	Formal and informal meaning from documents through skeleton sentences: Complementing formal tag-set descriptions with intertextual semantics and vice-versa. (Yves Marcoux et. al.)
	Graciously handling a level of change in a complex specification: Configuration management for community-scale implementation of an HL7v3 messaging specification. (Charlie McCay et. al.)
	XML in the Browser: the Next Decade. (R. Alexander Milowski)
	XSAQCT: XML Queryable Compressor. (Tomasz Müldner et. al.)
	Agile Business Objects Management Application for Electronic Records Archive Transfer Process. (Quyen L. Nguyen et. al.)
	Akara — Spicy bean fritters and an XML data services platform. (Uche Ogbuji)
	Engineering Document Applications — From UML Models to XML Schemas. (Dennis Pagano et. al.)
	How to Play XML: Markup Technologies as Nomic Game. (Wendell Piez)
	Methodology for the construction of multi-structured documents. (Pierre-Edouard Portier et. al.)
	Automatic XML Namespaces. (Liam R. E. Quin)
	Documents Cannot Be Edited. (Allen H. Renear et. al.)
	Merging Multi-Version Texts: a Generic Solution to the Overlap Problem. (Desmond Schmidt)
	Sometimes a question of scale. (C. M. Sperberg-McQueen)
	TEI Feature Structures as a Representation Format for Multiple Annotation and Generic XML Documents. (Jens Stegmann et. al.)
	A toolkit for multi-dimensional markup: The development of SGF to XStandoff. (Maik Stührenberg et. al.)
	Standards considered harmful. (B. Tommie Usdin)
	Managing XML references through the XRM vocabulary. (Jean-Yves Vion-Dury)
	Investigating the streamability of XProc pipelines. (Norman Walsh)
	TNTBase: Versioned Storage for XML. (Vyacheslav Zholudev et. al.)

	Author Index
	Keyword and Topic Index

Acknowledgements
The official acknowledgements for this proceedings volume are maintained by Balisage.
Read the official acknowledgementsAccessibility statement
This reflowable EPUB uses semantic headings, lists, links, tables, publication navigation, and text alternatives for packaged images. Text can be enlarged and its presentation can be adjusted without changing the publication order.
Some scholarly figures, mathematical expressions, and complex tables may require detailed inspection. Supplementary resources remain external links and are not embedded in this publication. Automated checks do not replace manual accessibility review.

    
        Prying Apart Semantics and Implementation

    Generating XML Schemata directly from ontologically sound conceptual models

    Balisage: The Markup Conference 2009
August 11 - 14, 2009 · Volume 3 (2009)
Canonical Source

            Bruce Todd Bauman

            System Engineer
U.S. Department of Defense
btbauma@earthlink.net

            
                Mr. Bauman's first introduction to markup was in the early 1990's where he
                    oversaw the tagging of foreign language dictionaries in compliance with the Text
                    Encoding Initiative (TEI) standards and led a development team that produced
                    multi-lingual retrieval tool for those dictionaries based on the Standard
                    Generalized Markup Language (SGML) . Mr. Bauman became interested in using SGML
                    and then XML to solve entrenched interoperability problems. This led him to look
                    seriously at information / data modeling and now ontology for answers to
                    interoperabilities' persistent questions. Twelve years later he has yet to solve
                    those entrenched problems (this is really hard).

                Mr. Bauman has been attending [off and on] the Balisage series of conferences
                    since the HyTime days, and has watched XML grow up over its 11 year history. 

                Mr. Bauman holds a BS in Computer Engineering and an MS in Computer
                    Science.

            

            

        

            Abstract
Central to interoperability is a shared conceptualization of the domain or
                universe of discourse (UoD). A conceptual model (CM) documents this shared
                understanding between people in a formal language, augmenting prose but neutral of
                later implementation decisions. Having such an explicit layer has benefits for
                enhanced interoperability, higher quality implementations, reuse and mapping, and as
                such is recognized as desirable by many modeling frameworks. In this paper, we
                describe our motivation and efforts to date, to use the ontologically well founded
                profile of the Unified Modeling Language (UML) proposed in Guizzardi-2005 to create such models. Relevant subsets of a CM form
                the basis for physical data models (PDM) targeting specific technologies, in this
                case the generation of Extensible Markup Language (XML) schemata represented in the
                World Wide Web Consortium (W3C) Schema Language (XSD). These physical data models
                are annotated by a developer, with a set of encoding directives. These encoding
                directives and the custom developed software that interprets them to map concepts in
                the CM to their expression in an XSD, are our principle contribution. The CM
                language, the XSD encoding annotations, and the software are briefly
                described.

        Keywords: Conceptual Modeling, Ontology, UML, XML Schema
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        Introduction

        Schemata in the World Wide Web Consortium's (W3C) Extensible Markup Language (XML)
            Schema language (XSD), Relax Next Generation (RNG), Structured Query Language (SQL) Data
            Definition Language (DDL), Resource Description Framework Schema (RDFS), or Web Ontology
            Language (OWL)) are typically created directly. A basic text editor can be used,
            although more likely today it will be with a design tool that uses visual symbols with a
            more or less bijective mapping to the constructs in the chosen implementation language.
            Various profiles of the Unified Modeling Language (UML) class diagrams have been
            proposed as a visualization for XSD design Bernauer-2004; various forms
            of Entity Relationship Diagrams (ERD)'s are the preferred choice for relational database
            (SQL DDL) design. And then there are the numerous languages specific to a given vendors
            tool.

        As useful as these visual design languages are, they are first, representations of a
            design in a specific implementation language, and only secondarily do they reflect the
            semantics of a Universe of Discourse (UoD) or domain.[1] Or as stated in the introduction to Guizzardi-2005 pages 7
            - 8.

                Nowadays, many languages exist that are used for the purpose of creating
                    representations of real-world conceptualizations. These languages are sometimes
                    named domain modeling languages (e.g., LINGO), ontology representation languages
                    (e.g., OWL), semantic data modeling languages (e.g., ER), among other terms. ...
                    Although these languages are employed in practice for conceptual modeling, they
                    are not designed with the specific purpose of being truthful to reality. For
                    instance, LINGO (Falbo & Menezes & Rocha, 1998; Falbo & Guizzardi
                    & Duarte, 2002) was designed with the specific objective of achieving a
                    positive trade-off between expression power of the language and the ability to
                    facilitate bridging the gap between the conceptual and implementation levels.
                    This preoccupation also seems to be present in Peter Chen's original proposal
                    for ER diagrams (Chen, 1976). OWL (Horrocks & Patel-Schneider & van
                    Harmelen, 2003) has been designed with the main purpose of achieving
                    computational efficiency in an automatic reasoning process. Some other
                    languages, such as Z (Spivey, 1988) and CC Technique (Dijkman & Ferreira
                    Pires & Joosten, 2001), take advantage of the simplicity of the well-defined
                    mathematical framework of set theory. Finally, some of the languages used
                    nowadays for conceptual modeling were created for different purposes, the most
                    notorious example being the UML (OMG, 2003c), which initially focused on
                    software design.

            
Designs reflect hard engineering trade-offs, starting with the initial
            choice of an implementation language which will have only limited abilities to express
            the full richness of the UoD, and ending with the numerous design choices made (e.g.,
            denormalization, implementing relationships, by reference, vs. by value, collapsing
            generalization hierarchies). This intertwining of implementation design and semantics
            with semantics taking a back seat, means that no formal model representing just the
            semantics remains. The sole guardian of pure semantics is the informal prose, in the
            text box labeled Description.

        The use of prose to capture semantics is of course essential, the target audience that
            needs to fully account for semantics are people, and natural language with all its
            richness, complexity, and nuance is essential. The challenge of course with relying only
            on words is their ambiguity. Although formally the interplay of words with meaning is
            studied in fields such as linguistics, semiotics, phenomenology, communication theory
            etc., Humpty Dumpty sums up the problem rather well. 

        
                When I use a word, Humpty Dumpty said, in a rather scornful
                        tone, it means just what I choose it to mean, neither more nor less.
                    The question is, said Alice, whether you can make words
                    mean so many different things.
                    The question is, said Humpty Dumpty, which is to be master - that's all. Alice was too much puzzled to say anything; so after a minute Humpty Dumpty began again.
                        They've a temper, some of them - particularly verbs: they're the
                        proudest - adjectives you can do anything with, but not verbs - however, I
                        can manage the whole lot of them! Impenetrability! that's what I say! 
                            Lewis Carroll, Through the Looking
                    Glass

            

        The lack of a separate design neutral, but formal accounting of semantics has several
            drawbacks. The first, is that ultimately for two or more systems to interoperate they
            must share a compatible understanding of the UoD, they needn't necessarily share the
            same design. This task of determining, and ultimately documenting via a mapping,
            compatibility, or recognizing when and where it is not possible is made more difficult.
            Second, when people negotiate to decide on a common language for sharing information,
            the discussion can / will often stray between discussing differences in meaning, and
            differences in design. Its helpful in resolving disagreements to know which of the two
            classes of discussion one is having. Third, it is perfectly reasonable, desirable, and
            necessary to implement the same UoD in multiple implementation languages and/or in
            multiple designs. Capturing explicitly a model of the UoD allows it to be reused. This
            is even more beneficial if the domain is highly complex and/or technical and modeling it
            correctly is expensive, time consuming and difficult.

        A solution, is to create a conceptual model (CM). A model that formally represent
            those aspects of the UoD that are deemed relevant for a particular purpose, (e.g., the
            static structural aspects of a domain essential to the development of information
            models), but that is neutral of physical design decisions. Then from that model produce
            though a semi-automated mapping process logical / physical level models, from which,
            because of their isomorphism to a targeted schema language, a schema can be
            automatically produced.

        The idea is hardly new.The issue is essentially one of implementation
                independence - the goal (or assumption) that the conceptual data model be
                independent of the implementation language. This view dates at least from Chen
                (1976), is the basis of the conceptualization principle in the ANSI/SPARC
                    framework ISO-TR9007, and has been frequently re-stated ...
                This ideal does not appear to be achieved in practice (Simsion-2007, p. 51). Nor is the idea unique to the data modeling
            community from which the above quote originates. The Model Driven Architecture (MDA) of
            the Object Management Group (OMG) has the concepts of the Platform Independent Model
            (PIM) and Platform Specific Model (PSM) OMG-MDA. The recognition of the
            need for conceptual models to back up XML schema design is also old, dating back to the
            beginning of XML, and XML's predecessor, Standardized Generalized Markup language
                (SGML).[2]

        The proposal outlined in the sections that follow is also in one sense nothing new.
            Its strength is not in the idea that a conceptual model is useful, but in what modeling
            language has been pressed into service. The conceptual modeling language outlined below,
            is a subset of that proposed by Giancarlo Guizzardi, principally in Guizzardi-2005 . In his 2005 work, a foundational ontology in later
            works referred to as the Unified Foundational Ontology (UFO), designed to capture
            agreements about the semantics of a UoD by people and for people, visualized using a
            profile of UML 2.0 is defined. We have changed, only trivially his proposal based on
            some ideas from data modeling Simsion-2005 and other sources both to
            simplify the language, and make it more familiar to people with a data modeling
            background. The UFO builds upon cross disciplinary knowledge as well as research in
            formal ontology [as applied to computer science] that has occurred in the last fifteen
            years.

        From a conceptual model based on this language, multiple physical data models (PDM)
            which subset, and / or extend, the larger conceptual model are generated. A PDM is then
            annotated by a designer with a set of encoding options that specify how the concepts in
            the CM should be represented in the XSD. We have chosen the initial set of encoding
            options based on internal experience with creating UML to XML schema mappings since
            2000-2001 much like those surveyed in Bernauer-2004. Software written
            in Extensible Stylesheet Transformations (XSLT) version 2.0 is the primary mechanism by
            which the annotated physical data models are compiled into XML schemata. Figure 1, “Model Development Process” show an overview of the complete process.

        [image: Model Development Process]
                
            
Figure 1.Model Development Process
        In the following sections, our requirements for a CM modeling language are explained,
            followed by a brief outline of the ontologically well founded language we have selected.
            This is followed by an example physical data model, that has been annotated with XSD
            encoding directives. How those directives drive the compilation of that PDM into an XSD
            is explained. The software implementation in Sybase Power Designer (a commercial data
            modeling / enterprise architecture tool), and in particular the implementation of the
            XSLT code that generates an XML schema from it, is touched on briefly. This is followed
            by a section on further work, and conclusions. Appendix A contains a more complete
            account of the XSD encoding options available.

    
    
        Semantics

        An Ontologically based Conceptual Modeling Language
        
                All models are wrong, some are useful. George Box

            

        This frequently repeated quote represents a very pragmatic definition of what makes a
            good model and it is the position adopted here for both models, and by extension
            modeling languages and the meta-models / ontologies that they are based on. As such, no
            claims are made that the modeling language briefly introduced below, the foundational
            ontology it is based on, or the models that are described with it, have any lock on a
            single, absolute truth. Instead, the language has been chosen / customized because we
            believe it can meet the following pragmatic requirements[3]: 
Modeling Language Requirements

                
                	
                    Document an agreement between people, to a reasonable level of
                        specificity,[4] those aspects of a UoD or domain that are relevant for the
                        design of information/data models, but without committing to a specific
                        implementation language.

                

                	
                    Support through human directed action, and to the greatest extent
                        possible, the automatic generation of designs and schemata encoded as XSDs
                        appropriate for information exchange .

                

                	
                    Similarly support the generation of designs and schemata encoded as SQL
                        DDL appropriate for relational data bases.[5]

                

                	
                    If possible, support the generation of designs and schemata encoded in OWL
                        Description Logic (DL).[6]

                

                	
                    Be reasonably approachable by personnel trained in traditional logical
                        data modeling using ERD notations.[7]

                

                	
                    Reduce the level of construct variability, to support the development of
                        models in a distributed environment.[8]

                

                	
                    Accommodate both vertical and horizontal variability, to support the
                        integration of multiple different perspectives of the same concept within an
                            enterprise.[9]

                

            

        After attempting to adapt unsuccessfully both standard UML and ERD notations to meet
            the above requirements, the realization through both experience and subsequent
            examination of the literature (e.g., Simsion-2007 ), was that both
            languages, and the informal ontologies that they are based on, were too biased for
            design in a specific technology. This led us to examine how formal ontology[10] could be employed, not in the computer science sense of producing a specific
            artifact, expressed typically in a formal logic variant, but in the philosophical sense.

                ... Formal Ontology deals with formal ontological structures (e.g., theory of
                    parts, theory of wholes, types and instantiation, identity, dependence, unity),
                    i.e., with formal aspects of objects irrespective of their particular nature.
                    The unfolding of Formal Ontology as a philosophical discipline aims at
                    developing a system of general categories and their ties, which can be used in
                    the development of scientific theories and domain-specific common sense theories
                    of reality (Guizzardi-2005, p. 5).

            

        In the end we settled on the formal foundational ontology, and its representation in
            UML defined in Guizzardi's 2005 PhD thesis Guizzardi-2005 and
            subsequent research papers Guizzardi-2006a
            Guizzardi-2006b
            Guizzardi-2007
            Guizzardi-2008 to name just a few, that define the Unified
            Foundational Ontology (UFO). Some small changes in terminology were made to make the UFO
            more approachable to classically trained ERD modelers. Its also important to point out
            that no claim is being made that the UFO is the only upper level ontology that will meet
            the requirements outlined above. What is being claimed is that the selection and
            explicit recognition of a formal upper level ontology as the basis for domain ontologies
            / models is essential to give those models the precise semantic underpinning needed to
            enable interoperability. What follows is a necessarily brief introduction to UFO and its
            representation in UML.

        This ontology / language is used to facilitate communication between people, although
            admittedly it is not something that a person, without training will fully grasp.
                [The ontology ] aims at capturing the ontological distinctions underlying
                human cognition and common sense.Guizzardi-2005 The
            ontology is the basis for recording one, (among many possible) conceptualizations of the
            real-world, defining what is a valid state of that world. As such, the language symbols
            designate real-world objects, and not information structures as is the case is the PDMs
            derived from it. Optionality on attributes and relationships is strongly 
            discouraged[11], ... from an ontological standpoint, there is no such a thing as an
                optional property and, hence, the representation of optional cardinality leads to
                unsound models (in the technical sense of chapter 2), with undesirable consequences
                in terms of clarity (Guizzardi-2005, p. 139).

        
            Endurant Types

            Like many upper level 'common sense' ontologies the first level distinction is
                between endurants and events, or things that exist in time, and
                maintain their identity, and things that exist of time. Unlike
                in the UFO, and in particular UFO-B, in our subset the concept of an event is not
                further specialized. Endurants are. Endurants (e.g., kind, category, role,
                associative) are specialized based on three basic criteria:

                    	
                        Existential independence: Is the concept existentially independent,
                            dependent on exactly one other concept, or dependent on two or more
                            other concepts? Existentially dependent concepts, are those that if they
                            are not seen in, or inhered in another object, don't exist.

                    

                    	
                        Single principle of identity: Does the concept convey a unified
                            principle of identity? (e.g, all instances of the type have a common way
                            in which they are identified; and thus, instances can be counted
                            directly).

                    

                    	
                        Rigidity: Is each instance of a type always of that type? (i.e., the
                            instance - type relationship is rigid), or is it only sometimes
                            (typically within some period of time), associated with a type (i.e.
                            anti-rigid)?

                    

                
This leads to the following breakdown:

                     Table 1Endurant Types


                        
                            	Name
                            	Independent
                            	Identity
                            	Rigid
                            	Description
                        

                    
                    
                        
                            	kind
                            	+
                            	+
                            	+
                            	A «kind» represents a substance sortal whose instances are
                                    functional complexes. Examples include instances of Natural
                                    Kinds (such as Person, Dog, Tree) and of artifacts (Chair, Car,
                                    Television). (Guizzardi-2005, p.
                                317)
                        

                        
                            	role
                            	+
                            	+
                            	-
                            	A «role» represents a phased-sortal role, i.e. anti-rigid and
                                    relationally dependent universal. For instance, the role student
                                    is played by an instance of the kind Person. (Guizzardi-2005, p. 319)
                        

                        
                            	category
                            	+
                            	-
                            	+
                            	A «category» represents a rigid and relationally independent
                                    mixin, i.e., a dispersive universal that aggregates essential
                                    properties which are common to different substance sortals. For
                                    example, the category RationalEntity as a generalization of
                                    Person and IntelligentAgent. (Guizzardi-2005, p. 319)
                        

                        
                            	role category
                            	+
                            	-
                            	-
                            	A «role category» represents an anti-rigid and externally
                                    dependent nonsortal, i.e., a dispersive universal that
                                    aggregates properties which are common to different roles. In
                                    includes formal roles such as whole and part, and initiator and
                                    responder. (Guizzardi-2005, p. 320)
                                Examples include resource, asset, communicant.
                        

                        
                            	dependent
                            	- (1)
                            	+
                            	+
                            	A <dependent» universal is an intrinsic moment universal.
                                    Every instance of dependent universal is existentially dependent
                                    of exactly one entity. Examples include skills, thoughts,
                                    beliefs, intentions, symptoms, private goals. (Guizzardi-2005, p. 335)
                        

                        
                            	associative
                            	- (2 or more)
                            	+
                            	+
                            	Every instance of an <<associative>> universal is
                                    existentially dependent of at least two distinct entities.
                                    Associative's are the instantiation of relational properties
                                    such as marriages, kisses, handshakes, commitments, and
                                    purchases. (Guizzardi-2005, p.
                                335)
                        

                    
                



        
        
            Attributes and Datatypes.

            [Model] attributes are used exclusively to represent simple existentially
                dependent concepts such as height, weight, color, a social security number, that can
                be mapped directly to single or multi-dimensional value spaces as represented by
                data types.[12]

            Our treatment of datatypes doesn't vary from that found in xsd:schema and other
                languages and so is not elaborated on here. A discussion on the ontological
                foundations of data types as they relate to quality structures, and quale can be
                found in Guizzardi-2006a or the work it is based on
                Gärdenfors, P. "Conceptual Spaces: the Geometry of Thought", MIT
                    Press, Cambridge, USA, 2000.

                    Table 2Data Types


                        
                            	Datatype
                            	Description
                        

                    
                    
                        
                            	primitive
                            	The value space defined by a set of built in data types. (e.g.,
                                string, float, integer, octets, boolean, data time, date,
                                time).
                        

                        
                            	domain
                            	A value space based on a primitive type constrained by range /
                                length / pattern restrictions.
                        

                        
                            	enum
                            	A value space based on a primitive type constrained by enumerating
                                its possible values.
                        

                        
                            	struct
                            	A multidimensional value space (e.g., color as hue, saturation,
                                intensity).
                        

                        
                            	union
                            	A value space formed by the union of 2 or more other data
                                types.
                        

                    
                



        
        
            Association

            The representation of associations is the one part of the meta-model that deviates
                somewhat from that defined in Guizzardi-2005. Guizzardi specifies
                a number of association types, often specific to the pairs of endurant types being
                related. The position taken here is that a simpler characterization that collapses
                many of the UFO association types into the three types of identifying,
                non-identifying, and aggregation/composition (whole-part) is sufficient. Identifying
                and non-identifying relations are an important distinction made in ERD modeling,
                between those associations linking entities with a shared identity, and those that
                are not. The concepts that do not have independent existence (e.g., dependent,
                associative) must be tied through identifying relations to concepts that do, and can
                thus provide identity to them. Concepts that are independent are tied together with
                non-identifying relations.

            A special form of non-identifying relation is the whole-part (meronymic) relation.
                Like UFO, and UML, we define the relationships of aggregation, and composition, and
                adopt UFO's semantics to clarify the ambiguous treatment of them in UML.[13]. Specifically we have adopted the following additional constraints that
                are defined in UFO.

                    Table 3Whole - Part Instance Constraints


                        
                            	Name
                            	Description
                            	Note
                            	Example
                        

                    
                    
                        
                            	shareable
                            	Indicates whether an instance of a part can locally be shared by
                                more then one instance of a whole.
                            	Shareable is represented as UML aggregation (i.e. an open diamond on
                                the whole side of the association). Non-sharable is represented as
                                UML composition (e.g., a closed diamond on the whole side of the
                                association).
                            	The whole / part relationship between a research group and a
                                researcher is locally sharable, meaning that an instance of a
                                researcher can belong to more then one research group.
                        

                        
                            	inseparable
                            	Indicates that the instance of the part is dependent on the instance
                                of a whole (i.e. if the instance of the part is removed from the
                                instance of its whole, it ceases to exist).
                            	Represented with the UML constraint {inseparable} on the
                                association.
                            	The relation between a human body and its brain is inseparable
                                (assuming the nonexistence of brain transplants), meaning that if a
                                brain is separated from a body, it ceases to exist.
                        

                        
                            	essential
                            	Indicates that the instance of the whole is dependent on the
                                instance of the part (i.e. if the instance of the part is removed
                                form the instance of its whole, the whole ceases to exist.)
                            	Represented with the UML constraint {essential} on the
                                association.
                            	The relation between a human body and its brain is essential,
                                meaning that if a brain is separated from a body, the body ceases to
                                exist.
                        

                    
                



        
        
            Generalization

            Generalization relations are supported between classes, associations, and
                attributes. Generalization between concepts that have a single principle of
                identity, the so called sortals (e.g., kind, role, dependent, associative), and
                those that do not, the so called non-sortals or mixin (e.g., category, role
                category) is treated differently. A concept with identity can only get that identity
                from a single source, and thus only single inheritance is allowed in this context.
                Multiple inheritance is supported between the non-sortals, or between the sortals
                and non-sortals. A solid generalization line (UML generalization) is used for
                generalization between sortals and sortals and between non-sortals and non-sortals.
                A dashed line (UML realization) represents the generalization relation between a
                sortal 'realization' of a non-sortal.

            The presence of constructs such as the non-sortals, and the fact that the sortals,
                can use multiple inheritance to relate to them, supports the representation of
                multiple overlapping categorization schemes necessary to reconcile horizontal
                variability. The broad support of generalization between all model concepts (e.g.,
                attributes and associations) supports the need for vertical variability.

        
        
            Example

            The simple model example below demonstrates some of the model constructs described
                above, and will be used as the source for describing the XML encoding options below. 

            [image: Sample Model]
                    
                
Figure 2.Sample Model
        
        
            Conclusion

            There are numerous other constraints implemented in
                UFO and its expression in UML that are not touched upon here. For example the
                pattern for explicitly dealing with <<role>> brings uniformity to the
                expression of a very common concept, that is only informally dealt with in common
                modeling languages like UML and ERD. As another example an anti-rigid type cannot be
                a supertype to a rigid type. These rules together create restrictions on how
                concepts can be related to each other, reducing the likelihood that skilled modelers
                will produce unsound models, and increasing the likelihood that they will use model
                constructs in similar ways (i.e. construct variability will be reduced). These
                additional constraints unfortunately do not make the creation of good models any
                less challenging intellectually, a challenge that will be brought up again later in
                the conclusion.

        
    
    
        Design

        XML Schema Encoding Annotations
        The design phase that ends with the ability to automatically generate an XSD starts by
            creating a copy of some subset of the larger conceptual model. During this generation
            phase the target implementation language is selected, in this case the target language
            is a W3C XML schema. This subset copy, called a physical data model (PDM) is then
            modified in two ways. First, additional diagrams may be added to tell a story customized
            to specific perspective that a customer has over a UoD. Second, the physical model is
            changed. Anything can be changed including the addition or deletion of modeling
            constructs as needed. The more common changes include renaming concepts to reflect
            preferences by a customer.[14], selecting which attributes will function as keys, changing the navigability
            on associations, and the selection of specific XSD encoding options.

        Both properties defined by UML 2.0 (e.g., association end navigability) and additional
            properties added as extensions to base UML are used. Some model properties apply
            globally to the entire model, and thus affect the entire XSD being generated (e.g., the
            namespace of the XSD), others apply to the encoding of a specific modeling construct
            (e.g., class, attribute). In some cases the same property can appear both globally and
            locally. If so, precedence is given to the local value. Most encoding options have
            default values (e.g., [UML] attributes get encoded as xsd:element). If an encoding style
            is being used see Physical Encoding Options, whole sets of encoding options plus
            built in logic that keys off of the semantic constructs in the model get enabled. Thus a
            default XSD can be produced with minimal effort. Yet fine grained control can also be
            exercised by setting individual encoding properties if desired. 

        A complete enumeration and explanation of all of the available encoding options is
            beyond the current scope. A brief summary of the most common options is contained in
                Physical Encoding Options. Below, a subset of the example model introduced above
            is used to explain how one set of encoding options produces an XSD.

        
            Example

            [image: Physical Design]
                    
                
Figure 3.Physical Design
            <ComputerSystem name="Zulu">
    <CPU-Signature>Intel(R)Pentium(R) M</CPU-Signature>
    <Hardware>
        <ComputerMaker>Dell</ComputerMaker>
        <SerialNum>12345</SerialNum>
    </Hardware>
</ComputerSystem>

            
Figure 4.XML Sample
            <?xml version="1.0" encoding="UTF-8"?>
<xsd:schema xmlns:xsd="http://www.w3.org/2001/XMLSchema">
    <xsd:element name="ComputerSytem" type="ComputerSystem"/>

    <xsd:complexType name="ComputerSystem">
        <xsd:sequence>
            <xsd:group maxOccurs="unbounded" ref="CPU"/>
            <xsd:element name="Hardware" type="Hardware"/>
        </xsd:sequence>
        <xsd:attribute name="name" use="required" type="xsd:string"/>
    </xsd:complexType>

    <xsd:group name="CPU">
        <xsd:sequence>
            <xsd:element name="CPUSignature" type="xsd:string"/>
        </xsd:sequence>
    </xsd:group>

    <xsd:complexType name="Hardware">
        <xsd:group ref="ManufacturedItem"/>
    </xsd:complexType>

    <xsd:group name="ManufacturedItem">
        <xsd:sequence>
            <xsd:element name="ComputerMaker" type="xsd:string"/>
            <xsd:element name="SerialNum" type="xsd:string"/>
        </xsd:sequence>
    </xsd:group>

    <xsd:complexType name="Manufacturer">
        <xsd:complexContent>
            <xsd:extension base="Organization"/>
        </xsd:complexContent>

    </xsd:complexType>
    <xsd:complexType name="Organization">
        <xsd:sequence>
            <xsd:element name="Name" type="xsd:string"/>
            <xsd:element name="Size" type="organizationSizeEnum"/>
        </xsd:sequence>
    </xsd:complexType>

    <xsd:simpleType name="organizationSizeEnum">
        <xsd:restriction base="xsd:string">
            <xsd:enumeration value="small"/>
            <xsd:enumeration value="medium"/>
            <xsd:enumeration value="large"/>
        </xsd:restriction>
    </xsd:simpleType>
</xsd:schema>


            
Figure 5.W3C XML Schema
            Starting left to right; bottom to top:

                    	
                        <<kind>> CPU is created as an
                                xsd:group. By default an xsd:complexType
                            is generated for all of the sortal types, but because an inbound
                            association has explicitly been set to encode 'asGroupRef', a group is
                            created. Encoding of classes is driven by defaults for its particular
                            type (e.g., <<kind>>, <<category>>) and /or by the schema
                            structures necessary to honor the needs of inbound relationships. This
                            means that any single class could cause the generation of
                                xsd:complexType, xsd:group and
                                xsd:attributeGroup structures.

                        Attribute signature is created as an
                                xsd:element within the xsd:group. By
                            default [UML] attributes get represented as xsd:element.
                            The name created for the element is "CPUSignature" based on the default
                            setting for a global default that controls the name syntax applied to
                            the creation of XML elements. In this case because of the group
                            reference, a name is chosen that appends the class name to the attribute
                            name so as to not lose needed context when the created XML element is
                            referenced from 'ComputerSystem'.

                    

                    	
                        <<kind>> ComputerSystem is created as an
                                xsd:complexType, and as a global
                                xsd:element declaration. The UML visibility property on
                            a class controls whether a global complex type and element (visibility =
                            'public'), a global element with an anonymous complex type (visibility =
                            'protected'), or just a complex type (visibility = 'private') is
                            created.

                        Attribute name is encoded as an
                                xsd:attribute based on the encoding="asAttribute"
                            setting attached to it. 

                        An xsd:group ref="" with a maxOccurs set to
                                unbounded to the group CPU is
                            created based on the encoding option set for the navigable outbound
                            relation to it. 

                        Finally an xsd:element reference is created to represent
                            the outbound relation to Hardware. The
                                xsd:element reference construct is used for two
                            reasons. Broadly, the encoding of relationships takes two forms, by
                            value, and by reference, with multiple by reference styles to choose
                            from. By reference encodings require keys (one or more attributes whose
                            values can be uniquely used to identify a single instance of the
                            targeted class) to reference the construct. Because no keys are
                            available a by value encoding is used. Because the visibility property
                            of Hardware is public, a xsd:element
                                ref="" is used.

                    

                    	
                        <<kind>> Hardware is created as a global
                                xsd:complexType and xsd:element.

                        An xsd:group ref="" is created to represent the
                            realization relationship to ManuracturedItem. An
                                xsd:group reference is used because the default
                            encoding for ManufacturedItem as a
                            <<category>> is xsd:group.

                    

                    	
                        <<category>> ManufactureredItem is by
                            default encoded as an xsd:group. The mixin / non-sortal
                            class types of <<category>> and <<role category>> can be
                            used to cross-categorize the sortal class types. As such its quite
                            possible that a sortal will have generalization relations (represented
                            as UML realization visually) to many of them; effectively allowing for
                            multiple inheritance. Because of this group / group referencing is used
                            by default.

                        Attribute serialNum is created as an xsd:element
                            by default. 

                        The outbound association manufacturedBy gets
                            encoded as an xsd:element called Manufacturer with a
                            datatype of string and whose value represents the key of the class
                                Organization. The key of
                                Organization is the [UML] attribute
                                name as indicated by the <<PK>>
                            stereotype. The reason this construct is created to represent the
                            relationship manufacturedBy is as follows: By a
                            settable default, associations to classes that have available keys use
                            those key(s) to implement a relationship by reference. If there is only
                            a single key, the name of the class being pointed at is used to name the
                            relationship.

                    

                    	
                        <<role>> Manufacturer is by default encoded
                            as a global xsd:complexType and xsd:element.
                            Because it has a generalization relation to another sortal type, and
                            there can be only once such generalization relation present per the
                            modeling language constraints, complex type extension can safely be used
                            to implement it. Because the default setting is to generate substitution
                            groups, one is created for Manufacturer and
                            Organization.

                    

                    	
                        <<kind>> Organization is by default encoded
                            as a global xsd:complexType and
                            xsd:element.

                        Attribute name is by default encoded as an
                                xsd:element.

                    

                

        
        
            Conclusion

            By no means does the set of encoding options available exercise every last corner
                of the W3C XML schema specification, but they do allow, especially when used in
                combination, for a surprising variability in encoding choices. New options are added
                as they are needed, and thus far, elegant solutions to generate a given encoding
                choice have always been possible without requiring that the models be changed in any
                way other than with the addition of new encoding annotations. In essence the
                implementation level decisions are effectively segregated and do not perturb the
                semantic representation.

        
    
    
        Software

        The creation and maintenance of multiple layers of models and the subsequent
            generation of XSDs would not be feasible without the correct tooling. The modeling tool
            we use is Sybase Power Designer; a market leading tool in traditional [relational] data
            modeling. It was selected for a variety of reasons, not the least of which is its
            extensive ability to be customized, and ability to generate / merge / compare / track
            the relations between multiple models. It has been customized to support and enforce the
            rules of the conceptual modeling language outlined above. This has involved extending
            the meta-model that underlies Power Designer with additional [extended] properties,
            modifying the forms displayed under certain menus, and writing additional trigger code
            to enforce the rules of the conceptual modeling language (e.g., Conclusion). The code that create the XSD has been implemented
            outside of Power Designer to avoid coupling it to a particular vendor's product.

        The architecture for this XSD complier, called unimaginatively
                Model2XSD is shown below Figure 6, “Model2XSD Process Flow”. A
            relatively simple routine written inside Power Designer in visual basic script
            serializes the model as XML based on a custom designed markup language.[15] An XSLT 2.0 pipeline is then called to compile the XML into an XSD. The XSLT
            program consists of several processing stages and supporting libraries of functions and
            configuration files. The Model2XSD-Preprocessor is used to add
            additional constructs to the serialized model file if needed based on selected encoding
            options. The Model2XSD-Processor creates the XSD. Finally the
                Model2XSD-Postprocessor, optionally, does certain XSD clean-up
            activities that can simplify the resultant schema.[16] All of these pieces of code are backed up by two function libraries,
                Model-Utility primarily contains functions that navigate the physical
            model as represented in XML (e.g., getting a concept's supertype, all its subtypes,
            etc.). This library does not contain any functions specific to the generation of an XSD
            and thus could be reused in other generation tasks.Model2XSD-Utility"
            contains functions specific to the generation of XSD files.

        [image: Model2XSD Process Flow]
                
            
Figure 6.Model2XSD Process Flow
    
    
        Further Work

        Our application of the techniques outlined above is in its infancy. As we continue to
            gain experience, refinements in both the conceptual modeling language, the encoding
            rules for XSD, and the software support for all of the above are inevitable. It is
            possible that we will see the benefit of adopting more of the UFO, or possibly less. As
            we develop more XSDs we will undoubtedly have requirements for incrementally adding to
            our tool box of encoding annotations. It is a testament to the strength of the
            conceptual modeling language that thus far we have been able to algorithmically generate
            any necessary encoding we need. 

        In roughly priority order these are the current areas of interest we are
            pursuing:

        
            	
                The processes and tooling needed to support the maintenance, change
                    management, and synchronization between a set of related models (conceptual,
                    physical,) and schemata (XSD) that are expected to evolve on independent time
                    lines, with differing constraints (e.g., the physical models and resultant XSD
                    files will be subject to pressures to maintain backwards and/or forward
                    compatibility for some period of time) and likely to be changed by independent
                    groups.

            

            	
                Work on how the physical data models are visually represented. As these models
                    are based on the conceptual model, but lead to an XSD, a tension naturally
                    arises as to how they should be visualized. Should the visualization reflect its
                    semantic roots in the CM, or the structure of the resultant XSD? And how do all
                    of the XSD specific encoding directives get represented visually? Currently many
                    are not, which makes it needlessly difficult to make the leap from model to XSD.
                    Our hope is that we can keep the physical data model visualization more closely
                    aligned with its conceptual roots, and through graphical overlays show the XSD
                    encoding annotations, but this remains to be seen.

            

            	
                Create code that automatically adds documentation into the generated XSDs that
                    reflect semantic distinctions present in the conceptual model that are
                    intentionally excluded from the resultant XSD. This occurs, for example, when an
                    XSD is generated that has collapsed what are multiple subclasses in the CM into
                    a superclass. All of the attributes and relations present in the sub-classes
                    become optional in the super. It's not that there is a fundamental change in the
                    conceptualization of the domain when this is done, it's much more likely that
                    the enforcement of a set of constraints is being moved from the schema to
                    software. It should be possible to generate additional documentation and embed
                    it into the XSD to make note of these relevant rules.

            

            	
                Prototype the software needed to generate other implementations (e.g., DDL,
                    OWL).

            

            	
                Explore whether, when different physical designs all originating from
                    overlapping parts of the same conceptual model are created, it is possible to at
                    least partially automatically create the needed XSLT code that would be required
                    to translate between them.

            

        

    
    
        Conclusion

        The adoption of a multi-layered model development process consisting of one (or a
            small number of) conceptual models as the basis for potentially many physical
            implementation models; the selection / customization of the UFO visually represented as
            UML class diagrams, as a conceptual modeling language; the design of rules for compiling
            these models into an XSD; and the implementation of all of the above using Sybase Power
            Designer and XSLT is all still relatively new. We have only recently started exercising
            this methodology fully to deliver products (XSDs) to internal customers. We are still
            learning, and further customizing our techniques and their implementation in software.
            So far our experience with using these techniques is anecdotal. It is both sobering and
            promising...

        
            Challenges

            ... the short story is that good design involves hard thinking. And that
                    means it’s just hard Sperberg-McQueen-2008. Although the quantification of what is
                    good design, is an interesting challenge in and of itself, it is
                indeed very hard, both to do, and often to justify taking the time to do. On the one
                hand the conceptual modeling language outlined above, with its more restrictive
                rules can aid a good modeler in coming up with better, more sound models. The whole
                methodology with its emphasis on semantics can lead to higher quality XSDs, at least
                in the sense that they are semantically well grounded. But the bar for creating good
                models is still high if not higher. To create a truly good design all the way from
                creating a conceptual model to creating a good physical design takes quite a rare
                skill set. Design activities require distinct skills - and arguably certain
                    personal characteristics. (Simsion-2007, p. 8)
                Detailed knowledge of the domain being modeled, detailed knowledge about how best to
                conceptualize a domain, in particular knowing what level of abstraction to use, and
                recognizing how to separate out, and deal with some of the orthogonal concerns that
                creep in[17], how to effectively represent and communicate that conceptualization in
                a modeling language, and how best to represent it in a chosen technology are all
                needed. Of course these skills can be split across several individuals, but that
                splitting leads to its own challenges. Finding, or training people to do this work
                well is difficult Data modeling is notoriously difficult to learn and
                    teach. (Simsion-2007 , p.8)

            And then there is the problem of finding the time to do this work. It is hoped
                that the techniques outlined above, specifically meeting requirements Req-Communication and Req-Design will lead to
                greater reuse possibilities, and thus allow for the quick repackaging of already
                done hard work. None the less, creating high quality, semantically well-founded
                designs takes time, and time is a precious resource in many projects, whose use must
                be justified.

            Any group of systems that are information focused, and need to share that
                information either through exchange or a shared data store, get coupled to the
                information designs that underpin them. If these systems need to have a deep
                understanding of the semantics behind the information (i.e., software is directly
                creating, modifying, taking action on what the information means vs. just storing /
                presenting it and leaving the heavy semantic lifting to people), the coupling is
                tight, and changing the information design very expensive. So too is creating a deep
                semantic mapping between different, typically underspecified designs, or conversely
                recognizing that they can't be mapped. This expense leads to the conclusion that in
                many cases the up-front investment in good design is well worth it.

            Finally there is the lack of adequate tool support. We have taken an industry
                leading data modeling tool and augmented it to support ontology development leading
                to an XML schema. It has required a reasonable amount of customization. Even with
                these customizations there are many things that we would like the tool to do that it
                can't. Nor are we aware of any tool that has the full feature set we need to truly
                create and maintain requirements models mapped to implementation neutral conceptual
                models coupled with implementation specific design models from which XSD, DDL, and
                OWL can be generated, and to do so on a large enterprise wide scale.

        
        
            Accomplishments

             Looking back at the requirements we set out for ourselves Requirements:

                    	
                        The selected modeling language is helping our internal team
                            communicate and reach agreement on conceptualisations of the UoD(Req-Communication. It is also helping us to clarify our
                            prose descriptions of a UoD. Unlink ERD and UML in practice, where the
                            visualization reflects the implementation, conceptual models based on
                            UFO reflect the semantics, and these semantics should be mirrored in the
                                prose.[18] On many occasions we have created model concepts, then
                            written their prose definitions and found that the model and the prose
                            contradict each other. When this happens this points to a fundamental
                            problem and either the prose or the model has to be changed.

                    

                    	
                         The semantic richness, precision, and design neutrality of the
                            conceptual modeling language, coupled with the flexibility of the XSD
                            encoding rules, and the fact that implementation models are kept
                            distinct from, but tied to, the conceptual model grant great flexibility
                            in creating XSDs well tailored to a customers need Req-Design. This flexibility has been exercised twice,
                            when our team was tasked with creating a conceptual model reverse
                                engineered[19] from existing format specifications and then
                            forward-engineer back to a new XSD with very specific encoding
                            constraints.

                    

                    	
                        Support of using the same conceptual models to support designs in
                            other implementation languages Req-DDL, Req-OWL, is promising, but unproven at this point. If it
                            were proven it would both re-enforce that the conceptual modeling
                            language is indeed largely independent of implementation design biases,
                            and add to the business case of investing in the development of models
                            that could be more widely reused.

                    

                    	
                        Early evidence does support the claim that construct variability Req-Construct is reduced, primarily in the use of
                            attributes, and for representing roles.

                    

                    	
                        Likewise, early experience is that the conceptual modeling language is
                            better at documenting horizontal and vertical variability Req-Horizontal-Vertical and representing how different
                            choices relate to one another. Representing this variability in the same
                            conceptual model, however does complicate the resulting models and their
                            presentation visually.

                    

                    	
                        An additional benefit that was not directly sought is that the code
                            that generates the XSD files partially mitigates the need for the
                            modelers using it to fully grasp all of syntactic and grammatical
                            nuances of the XSD language.

                    

                

        
    
    
        Physical Encoding Options

        This section describes some of the more commonly used encoding options available to
            map from a XSD PDM to an actual XSD. It is by no means a complete accounting of the many
            encoding options available, nor how they can be used together to create a large variety
            of different schema structures.

        The information in this section is largely presented as a series of tables. Two basic
            table structures exist, the first describes model properties present in the model that
            affect the XSD. The origin field in this table contains two values, "Build In" or
            "Extended" that reflect whether the property is part of UML and thus is built in to a
            UML tool, or whether it is an extended property that we have added. The second table
            type focuses in particular on an extended property called 'encoding' that drives much
            how the schema will look. Included in this table are example XSD fragments and XML
            fragments that reflect the behaviour of the various encoding options.

        
            General Encoding Rules

            This section describes some of the model properties and encoding options available
                that affect the entire schema or are common across many model concepts.

            
                Model Level Properties

                Model level properties are set once per model (and thus XSD file) and have
                    global effects. They are as follows:

                        Table 4Model Level Encoding


                            
                                	Property
                                	Origin
                                	Description
                                	Use
                                	Note
                            

                        
                        
                            
                                	Target Namespace and Namespace Prefix
                                	Extended
                                	The target namespace and namespace prefix of the generated
                                    XSD.
                                	Used to set the targetNamespace information of the XSD.
                                	When one physical model references a concept in another, needed
                                    namespace declarations, namespace prefixing and
                                        xsd:import statements are generated
                                    automatically if the concept is in another namespace. Otherwise,
                                    needed xsd:include statements are generated.
                            

                            
                                	Prune Group
                                	Extended
                                	A boolean controlling whether xsd:group and
                                        xsd:attributeGroup structures referenced only
                                    once will be eliminated from the XSD with their elements /
                                    attributes collapsed into the referencing concept.
                                	Used to create schema's that have the minimal number of group /
                                    attribute groups defined.
                                	Default is true.
                            

                            
                                	Encoding Style
                                	Extended
                                	Selects which encoding style to use. An encoding style effects a
                                    whole set of different encoding options to produce schema's of a
                                    particular style.
                                	An encoding style, is analogous to the scene modes on digital
                                    cameras. It allows one to select a whole set of other encoding
                                    options that together with some additional programming logic
                                    that wraps them, create schemata in a particular style.
                                	Default is the internal style used on our team.
                            

                            
                                	[Default] Association Encoding
                                	Extended
                                	Selects which association end encoding to use by default.
                                	Controls the default association end encoding that will
                                        occur. Table 16
                                	Default is 'asElement'.
                            

                            
                                	[Default] Name Encodings (e.g., for XSD attributes, elements,
                                    types and groups.
                                	Extended
                                	Selects the default name encoding for all schema
                                    constructs.
                                	See Table 6
                                	Default is 'leadingUpperCase' for XML elements, 'leading
                                    Lowercase' for XML attributes and 'preserve' for XSD
                                    simpletypes, complex types and groups.
                            

                        
                    



            
            
                Name Encoding

                The generated names of XSD declarations are controlled by many settings.
                    Defaults at the model level can be set, and overridden as needed on an
                    individual concept. Any given name consists of two parts, a prefix and a root.
                    The root is always the name of the concept. The prefix depends on what type of
                    concept it is, as described below. Many more styles are available then described
                    here. In addition, more complex naming rules are applied in certain association
                    encoding situations where foreign keys are being generated, and/or where a group
                    reference is effectively merging two concepts together. These rules
                    automatically start adding additional context to the generated names so that for
                    example, a primary key called 'identifier' in the target class of an
                    association, doesn't simply remain 'identifier' when it becomes a foreign key in
                    the source class, where it could potentially clash with an existing 'identifier'
                    attribute.

                
                        Table 5Prefix and Root Sources


                            
                                	Concept
                                	Prefix
                            

                        
                        
                            
                                	Class, Domain, Enumeration, Structure, Union 
                                	Model Code
                            

                            
                                	Attribute
                                	Class Code
                            

                            
                                	Association
                                	Association End Class Codes
                            

                        
                    



                        Table 6Name Encoding Options
                                    
                                        
                                    
                                


                            
                                	Name Encoding
                                	Concept
                                	Prefix
                                	Root
                                	Final XSD Name
                            

                        
                        
                            
                                	leadingUpperCase
                                	Class
                                	N/A
                                	ComputerSystem
                                	ComputerSystem
                            

                            
                                	Attribute
                                	N/A
                                	name
                                	Name
                            

                            
                                	Association
                                	N/A
                                	has
                                	Has
                            

                            
                                	lowerCamelCase
                                	Class
                                	Computer
                                	ComputerSystem
                                	computerComputerSystem
                            

                            
                                	Attribute
                                	ComputerSystem
                                	name
                                	computerSystemName
                            

                            
                                	Association
                                	ComputerSystem CPU
                                	has
                                	computerSystemHasCPU
                            

                            
                                	lowerCaseConcatenate
                                	Class
                                	Computer
                                	ComputerSystem
                                	computer-computerSystem
                            

                            
                                	Attribute
                                	ComputerSystem
                                	name
                                	computerSystem-name
                            

                            
                                	Association
                                	ComputerSystem CPU
                                	has
                                	comuterSystem-has-CPU
                            

                            
                                	Preserve
                                	Class
                                	N/A
                                	ComputerSystem
                                	ComputerSystem
                            

                            
                                	Attribute
                                	N/A
                                	name
                                	name
                            

                            
                                	Association
                                	N/A
                                	has
                                	has
                            

                        
                    



            
            
                Multiplicity Encoding

                Both [model] attributes and associations have multiplicity encoding
                    parameters. They get mapped to minOccurs and maxOccurs in an XSD in the obvious
                    way. When a multiplicity greater then one is combined with an encoding that will
                    result in an [XML] attribute, a list structure is automatically created for that
                    attribute. If the creation of list content for an element is required, instead
                    of the default behaviour to simply allow the element to repeat, an extended
                    property called multiplicityEncoding can be explicitly set to the value
                    'asList'.

            
            
                Documentation

                XSD's produced can optionally included embedded annotations. These annotations
                    are extensive, taking advantage of the definitions embedded in every concept in
                    the model, as well as automatically generated boiler plate definitions created
                    when new XSD constructs are generated (e.g., the creation of foreign key
                    structures representing associations, See Table 16). Additional code is available to take
                    definitions and represent them in a tab delimited form for a tabular
                    presentation as well as conversion to an alternative XML representation used to
                    load a searchable web based data element dictionary tool.

            
        
        
            Class Encoding

            This section describes the common properties and encoding options used to
                represent classes (e.g., kind, role, category) in a schema.

            
                    Table 7Relevant Properties


                        
                            	Property
                            	Origin
                            	Description
                            	Use
                            	Note
                        

                    
                    
                        
                            	code
                            	Built In
                            	The implementation name of the class.
                            	Used as the name for the generated schema construct subject to any
                                name encoding rules in effect.
                            	
                        

                        
                            	visibility
                            	Built In
                            	The visibility of the class.
                            	When a global xsd:complexType will be generated the visibility
                                property will have the following effect.
                            	
                        

                        
                            	public - a global element and a global xsd:complexType are
                                generated.
                        

                        
                            	protected - a global element containing an anonymous xsd:complexType
                                is created.
                            	
                        

                        
                            	private - only a global xsd:complexType is created.
                            	
                        

                        
                            	skip
                            	Extended
                            	Directs a class to not be encoded. All of its properties will be
                                merged with its subtype if it exists or its supertype it the
                                generalization relation is set to be navigable in that direction.
                                See Generalization Encodings
                            	This is very useful if a relationship needs to be encoded, but its
                                target class does not need to, or if one wants to collapse
                                generalization hierarchies.
                            	In initial prototyping efforts, the encoding option to not encode is
                                used quite widely.
                        

                    
                



                    Table 8Class Encodings


                        
                            	Default Encoding for Class type
                            	Example
                            	Description
                            	XSD Fragment
                            	XML
                        

                    
                    
                        
                            	
                                
                                    	
                                        <<kind>>

                                    

                                    	
                                        <<event>>

                                    

                                    	
                                        <<role>>

                                    

                                    	
                                        <<dependent>>

                                    

                                    	
                                        <<associative>>

                                    

                                

                            
                            	
                                
                                    
                                        [image: ../../../vol3/graphics/Bauman01/Bauman01-006.jpg]
                                    
                                
                            
                            	
                                By default, a complex type is generated. A group can also be
                                    generated if required by an inbound relationship. 

                            
                            	
                                <xsd:complexType name="Manufacturer"> ...

                            
                            	
                                <Manufacturer/>

                            
                        

                        
                            	
                                
                                    	
                                        <<category>>

                                    

                                    	
                                        <<role category>>
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                                By default, a group is generated. A complex type can also be
                                    generated if required by an inbound relationship.

                            
                            	
                                <xsd:group name="ManufactureredItem> ...
and / or
<xsd:attributeGroup name="ManufacturedItem"> ...

                            
                            	
                                N/A

                            
                        

                    
                



        
        
            Datatype Encoding

            This section describes the common properties and encoding options used to
                represent datatypes (e.g., primitive, domain, enum) in a schema.

            
                    Table 9Relevant Properties


                        
                            	Property
                            	Origin
                            	Description
                            	Use
                            	Note
                        

                    
                    
                        
                            	code
                            	Built In
                            	The implementation name of the class.
                            	Used as the name for the generated schema construct subject to any
                                name encoding rules in effect.
                            	
                        

                    
                



                    Table 10Datatype Encodings


                        
                            	Datatype Type
                            	Example
                            	Description
                            	XSD Fragment
                        

                    
                    
                        
                            	
                                <<primitive>>

                            
                            	
                                No graphic symbol

                            
                            	
                                Mapped via a datatype mapping file to the appropriate built in
                                    schema simple type.
                                  [20]

                            
                            	
                                N/A

                            
                        

                        
                            	
                                <<domain>>

                            
                            	
                                
                                    
                                        [image: ../../../vol3/graphics/Bauman01/Bauman01-008.jpg]
                                    
                                
                            
                            	
                                Either mapped via a mapping table to an appropriate built in
                                    schema simple type, or a simple type with the appropriate facets
                                    is created.[21]

                            
                            	
                                <xsd:simpleType name="uuid">
    <xsd:restriction base="xsd:string">
        <xsd:pattern value="[a-f0-9]{8}-[a-f0-9]{4}-[a-f0-9]{4}-[a-f0-9]{4}-[a-f0-9]{12}"/>
    </xsd:restriction>
</xsd:simpleType>

                            
                        

                        
                            	
                                <<enum>>

                            
                            	
                                
                                    
                                        [image: ../../../vol3/graphics/Bauman01/Bauman01-009.jpg]
                                    
                                
                            
                            	
                                A simple type with enumerated facets is created.base

                            
                            	
                                <xsd:simpleType name="colorEnum">
    <xsd:restriction base="xsd:string">
        <xsd:enumeration value="red"/>
        <xsd:enumeration value="yellow"/>
        <xsd:enumeration value="blue"/>
        <xsd:enumeration value="green"/>
    </xsd:restriction>
</xsd:simpleType>

                            
                        

                        
                            	
                                <<struct>>
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                                Processed as would be a class encoding as a complexType with
                                    the following exception; If the attributes of the structure are
                                    all set to encode "asValue", a simple list type is created (see
                                    example).

                            
                            	
                                <xsd:simpleType name="rgbColorStruct">
    <xsd:list itemType="xsd:integer"/>
</xsd:simpleType>

                            
                        

                        
                            	
                                <<union>>
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                                A simple union type that unions together the set of unique
                                    datatypes present.

                            
                            	
                                <xsd:simpleType name="colorUnion">
    <xsd:union memberTypes="rgbColorStruct colorEnum"/>
</xsd:simpleType>

                            
                        

                    
                



        
        
            Attribute Encoding
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                    Table 12Relevant Properties


                        
                            	Property
                            	Origin
                            	Description
                            	Use
                            	Note
                        

                    
                    
                        
                            	code
                            	Built In
                            	The implementation name of the attribute.
                            	Used as the name for the generated schema construct subject to any
                                name encoding rules in effect.
                            	
                        

                        
                            	encoding
                            	Extended
                            	Controls how an attribute will be encoded. See Table 13
                            	
                            	
                        

                        
                            	skip
                            	Extended
                            	Directs an attribute to not be encoded.
                            	
                            	
                        

                    
                



                    Table 13Attribute Encodings


                        
                            	Encoding
                            	Description
                            	XSD Fragment
                            	XML Example
                        

                    
                    
                        
                            	asAttribute
                            	
                                The model attribute is represented as an XML attribute within
                                    a complex type.

                            
                            	
                                <xsd:complexType name="CPU">
    <xsd:attribute name="signature" type="xsd:string"/>
</xsd:complexType>

                            
                            	
                                <CPU signature="Intel(R) Pentium(R) M"/>

                            
                        

                        
                            	asElement
                            	
                                The model attribute is represented as an XML element within
                                    the complex type.

                            
                            	
                                <xsd:complexType name="CPU">
    <xsd:sequence>
        <xsd:element name="Signature" type="xsd:string"/>
    </xsd:sequence>
</xsd:complexType>

                            
                            	
                                <CPU>
    <Signature>Intel(R) Pentium(R) M</Signature>
</CPU>

                            
                        

                        
                            	asValue
                            	
                                The value of the model attribute is represented as a simple
                                    content value within the complex type.

                            
                            	
                                <xsd:complexType name="CPU">
    <xsd:simpleContent>
        <xsd:extension base="xsd:string"/>
    </xsd:simpleContent>
</xsd:complexType>

                            
                            	
                                <CPU>Intel(R) Pentium(R) M</CPU>

                            
                        

                    
                



                    Table 14Attribute Encoding Combinations and there affect on the XSD


                        
                            	asAttribute
                            	AsElement
                            	asValue
                            	XSD Construct Created
                        

                    
                    
                        
                            	+
                            	-
                            	-
                            	
                                A complex type with attributes.

                            
                        

                        
                            	-
                            	+
                            	-
                            	
                                A complex type with complex element content.

                            
                        

                        
                            	-
                            	-
                            	+
                            	
                                A complex type with simple content.

                            
                        

                        
                            	+
                            	+
                            	-
                            	
                                A complex with complex element and attribute content.

                            
                        

                        
                            	+
                            	-
                            	+
                            	
                                A complex type with attributes and simple content.

                            
                        

                        
                            	-
                            	+
                            	+
                            	
                                A complex type with complex element and mixed content.

                            
                        

                        
                            	+
                            	+
                            	+
                            	
                                A complex type with complex element, attribute and mixed
                                    content.

                            
                        

                    
                



        
        
            Relationship Encoding

            
                Association Encoding

                This section describes the common properties and encoding options used to
                    represent association relationships in a schema.

                
                    
                        
                            [image: ../../../vol3/graphics/Bauman01/Bauman01-013.jpg]
                        
                    
                    

                        In the example above the association encoded is called
                            'manufacturedBy' with a source class of 'ManufacturedItem' and a target
                            class of 'Manufacturer'. The label 'computerMaker' is a UML role applied
                            to the 'Manufacturer' side of the association.

                    
                
                    Association End

                    Association End encodings create structures that get embedded in a source
                        class and point to a target class through a variety of means that can be
                        grossly categorized as the by value options (asNested, asGroupRef) that
                        directly represent all of the target class within the source class, and the
                        by reference options that rely on primary keys in the target class to point
                        from source to target.

                    
                            Table 15Relevant Properties


                                
                                    	Property
                                    	Origin
                                    	Description
                                    	Use
                                    	Note
                                

                            
                            
                                
                                    	roleA/B code
                                    	Built In
                                    	The implementation name of the RoleA / RoleB association
                                        end.
                                    	Used as the name for the generated schema construct subject
                                        to any name encoding rules in effect.
                                    	If there is no RoleA / RoleB code set, then the 'code' of
                                        the target class is used.
                                

                                
                                    	roleA/B navigability
                                    	Built In
                                    	Represents which direction(s) an association can be
                                        transversed.
                                    	Used to control whether the association is encoded. For
                                        every navigable end pointing to a 'target' class, a
                                        construct in the source class will be generated to implement
                                        the association in that direction.
                                

                                
                                    	roleA/B encoding
                                    	Extended
                                    	Controls how an association end will be encoded. See Table 18
                                    	
                                    	
                                

                            
                        



                            Table 16Association End Encodings


                                
                                    	Encoding
                                    	Description
                                    	XSD Fragment
                                    	XML Example
                                

                            
                            
                                
                                    	asAttribute
                                    	Keys of the target class are represented as attributes in
                                        the source class.
                                    	
                                        <xsd:group name="ManufacturedItem">
    <xsd:sequence>
        <xsd:element name="SerialNum" type="xsd:string"/>
    </xsd:sequence>
</xsd:group>

<xsd:attributeGroup name="ManufacturedItem">
     <xsd:attribute name="computerMaker" use="required" type="Manufacturer"/>
</xsd:attributeGroup>

<xsd:complexType name="Hardware">
    <xsd:sequence>
        <xsd:group ref="ManufacturedItem"/>
    </xsd:sequence>
    <xsd:attributeGroup ref="ManufacturedItem"/>
</xsd:complexType>

                                    
                                    	
                                        <Hardware computerMaker="Dell">
    <SerialNum>1234</SerialNum>
</Hardware>

                                    
                                

                                
                                    	asElement
                                    	Keys of the target class are represented as elements in the
                                        source class.
                                    	
                                        <xsd:group name="ManufacturedItem">
    <xsd:sequence>
        <xsd:element name="ComputerMaker" type="xsd:string"/>
        <xsd:element name="SerialNum" type="xsd:string"/>
    </xsd:sequence>
</xsd:group>

<xsd:complexType name="Hardware">
    <xsd:sequence>
        <xsd:group ref="ManufacturedItem"/>
    </xsd:sequence>
</xsd:complexType>

                                    
                                    	
                                        <Hardware>
    <ComputerMaker>Dell</ComputerMaker>
    <SerialNum>1234</SerialNum>
</Hardware>

                                    
                                

                                
                                    	asElementKey
                                    	An element representing the relationship is created. Keys of
                                        the target class are represented as attributes on it.
                                    	
                                        <xsd:group name="ManufacturedItem">
    <xsd:sequence>
        <xsd:element name="ComputerMaker">
             <xsd:complexType>
                 <xsd:attribute name="name" use="required" type="xsd:string"/>
             </xsd:complexType>
        </xsd:element>
        <xsd:element name="SerialNum" type="xsd:string"/>
    </xsd:sequence>
</xsd:group>

<xsd:complexType name="Hardware">
    <xsd:sequence>
        <xsd:group ref="ManufacturedItem"/>
    </xsd:sequence>
</xsd:complexType>

                                    
                                    	
                                        <Hardware>
    <ComputerMaker name="Dell"/>
    <SerialNum>1234</SerialNum>
</Hardware>

                                    
                                

                                
                                    	asElementNestedKey
                                    	An element representing the relationship is created. Keys of
                                        the target class are represented as elements within it.
                                    	
                                        <xsd:group name="ManufacturedItem">
    <xsd:sequence>
        <xsd:element name="ComputerMaker">
             <xsd:complexType>
                <xsd:sequence>
                    <xsd:element name="name" type="xsd:string"/>
                </xsd:sequence>
             </xsd:complexType>
        </xsd:element>
        <xsd:element name="SerialNum" type="xsd:string"/>
    </xsd:sequence>
</xsd:group>

<xsd:complexType name="Hardware">
    <xsd:sequence>
        <xsd:group ref="ManufacturedItem"/>
    </xsd:sequence>
</xsd:complexType>

                                    
                                    	
                                        <Hardware>
    <ComputerMaker>
        <Name>Dell</Name>
    </ComputerMaker>
    <SerialNum>1234</SerialNum>
</Hardware>

                                    
                                

                                
                                    	asGroupRef
                                    	A group reference is created to the target class.
                                    	
                                        <xsd:group name="ManufacturedItem">
    <xsd:sequence>
        <xsd:group ref="Manufacturer"/>
        <xsd:element name="SerialNum" type="xsd:string"/>
    </xsd:sequence>
</xsd:group>

<xsd:complexType name="Hardware">
    <xsd:sequence>
        <xsd:group ref="ManufacturedItem"/>
    </xsd:sequence>
</xsd:complexType>

                                    
                                    	
                                        <Hardware>
    <ManufacturerName>Dell</ManufacturerName>
    <ManufacturerSize>large</ManufacturerSize>
    <SerialNum>1234</SerialNum>
</Hardware>
[22]
                                    
                                

                                
                                    	
                                        asNested

                                    
                                    	The target class is directly nested within the source
                                        class.
                                    	
                                        <xsd:group name="ManufacturedItem">
    <xsd:sequence>
        <xsd:element name="ComputerMaker" type="Manufacturer"/>
        <xsd:element name="SerialNum" type="xsd:string"/>
    </xsd:sequence>
</xsd:group>

<xsd:complexType name="Hardware">
    <xsd:sequence>
        <xsd:group ref="ManufacturedItem"/>
    </xsd:sequence>
</xsd:complexType>

                                    
                                    	
                                        <Hardware>
    <ComputerMaker>
        <Name>Dell</Name>
        <Size>Large</Size>
    </ComputerMaker>
    <SerialNum>1234</SerialNum>
</Hardware>

                                    
                                

                                
                                    	asXlink
                                    	An element representing the relationship is created. An
                                        attribute group reference is created to bring in link simple
                                        link attributes.
                                    	
                                        <xsd:group name="ManufacturedItem">
    <xsd:sequence>
        <xsd:element name="ComputerMaker">
            <xsd:complexType>
                <xsd:attributeGroup ref="xlink:XlinkSimple"/>
            </xsd:complexType>
        </xsd:element>
    <xsd:element name="SerialNum" type="xsd:string"/>
    </xsd:sequence>
</xsd:group>

<xsd:complexType name="Hardware">
    <xsd:sequence>
        <xsd:group ref="ManufacturedItem"/>
    </xsd:sequence>
</xsd:complexType>

                                    
                                    	
                                        <Hardware>
    <ComputerMaker xlink:href="Dell"/>
    <SerialNum>1234</SerialNum>
</Hardware>

                                    
                                

                            
                        



                
                
                    Association Encoding

                    Association encodings create structures that directly represent the
                        association as either an independent global complexType, or as an additional
                        layer within an association end encoding. Directly representing an
                        association is less common then representing then using the association end
                        encodings.

                    
                        Table 17Relevant Properties


                            
                                	Property
                                	Origin
                                	Description
                                	Use
                                	Note
                            

                        
                        
                            
                                	code
                                	Built In
                                	The implementation name of the association.
                                	Used as the name for the generated schema construct subject to
                                    any name encoding rules in effect.
                                	
                            

                            
                                	visibility
                                	Extended
                                	The visibility of the association.
                                	When a global xsd:complexType will be generated the visibility
                                    property will have the following effect.
                                	This only has an effect if encoding = 'asComplexType'.
                            

                            
                                	public - a global element and a global xsd:complexType are
                                    generated.
                            

                            
                                	protected - a global element containing an anonymous
                                    xsd:complexType is created.
                                	
                            

                            
                                	private - only a global xsd:complexType is created.
                                	
                            

                            
                                	encoding
                                	Extended
                                	Controls how an association will be encoded. See Table 18
                                	
                                	By default associations are not explicitly encoded as global
                                    type declarations. Instead association-end encodings create
                                    needed structures directly in the source class.
                            

                        
                    



                    
                        Table 18Association Encodings


                            
                                	Encoding
                                	Description
                                	XSD Fragment
                                	XML Example
                            

                        
                        
                            
                                	
                                    asNested

                                
                                	The association is explicitly represented as an additional
                                    nested layer within association end encodings. The association
                                    end encoding used is 'asElement'.
                                	
                                    <xsd:group name="ManufacturedItem">
    <xsd:sequence>
        <xsd:element name="ManufacturedBy">
            <xsd:complexType>
                <xsd:sequence>
                    <xsd:element name="ComputerMaker" type="xsd:string"/>
                </xsd:sequence>
            </xsd:complexType>
        </xsd:element>
        <xsd:element name="SerialNum" type="xsd:string"/>
    </xsd:sequence>
</xsd:group>

<xsd:complexType name="Hardware">
    <xsd:sequence>
        <xsd:group ref="ManufacturedItem"/>
    </xsd:sequence>
</xsd:complexType>

                                
                                	
                                    <Hardware>
    <ManufacturedBy>
        <ComputerMaker>Dell</ComputerMaker>
    </ManufacturedBy>
    <SerialNum>1234</SerialNum>
</Hardware>

                                
                            

                            
                                	asComplexType
                                	The association is explicitly represented as a global complex
                                    types. The association end encodings point out from the
                                    relationship to the target classes. The association end encoding
                                    used is 'asElement'. With this example, this encoding option
                                    makes no sense, as only one of the association ends encoded is
                                    navigable.
                                	
                                    <xsd:complexType name="ManufacturedBy">
    <xsd:sequence>
        <xsd:element name="ComputerMaker" type="xsd:string"/>
    </xsd:sequence>
</xsd:complexType>

                                
                                	
                                    <ManufacturedBy>
    <ComputerMaker>Dell</ComputerMaker>
</ManufacturedBy>

                                
                            

                        
                    



                
                
                    Associations ending at a Mixin (e.g., category, roleCategory).

                    Associations whose target class is a non-sortal (i.e. a mixin) can be
                        encoded as any other target class, however by default a mixin is encoded by
                        creating an xsd:choice group that encodes the relationship to the mixin as
                        if the association were drawn directly to each of the subclasses that the
                        mxin subsumes. In essence a relationship to a category results in an
                        encoding as if the relationship were drawn directly to each of the members
                        of the category.

                
            
            
                Generalization Encodings

                This section describes the common properties and encoding options used to
                    represent generalization / realization relations in a schema.
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                        Table 19Relevant Properties


                            
                                	Property
                                	Origin
                                	Description
                                	Use
                                	Note
                            

                        
                        
                            
                                	code
                                	Built In
                                	The implementation name of the class.
                                	Used as the name for the generated schema construct subject to
                                    any name encoding rules in effect.
                                	
                            

                            
                                	encoding
                                	Extended
                                	Controls how a generalization will be encoded.
                                	By default generalization relations between sortals are encoded
                                    using xsd:extension and generalization relations
                                    between sortals and non-sortals, or between non-sortals and
                                    non-sortals as xsd:group and / or
                                        xsd:attributeGroup references.
                            

                            
                                	navigability
                                	Extended
                                	Represents which direction(s) a generalization can be
                                    transversed (e.g., subtype to supertype, or supertype to
                                    subtype).
                                	Normally generalizations encode with the supertype navigable
                                    from the subtype as indicated by the arrow head in the UML
                                    representation. Occasionally its useful to navigate in the other
                                    direction to implement a collapsing of a set of subtypes into
                                    their common supertype.
                                	
                            

                        
                    



                        Table 20Generalization Encodings


                            
                                	Encoding
                                	Navigability
                                	Description
                                	XSD Fragement
                                	XML Example
                            

                        
                        
                            
                                	asExtension
                                	Subtype to Supertype
                                	A complexType is created for 'Printer', 'BWPrinter', and
                                    'ColorPrinter' with the later two extending the first.
                                	
                                    <xsd:complexType name="ColorPrinter">
    <xsd:complexContent>
        <xsd:extension base="Printer">
            <xsd:sequence>
                <xsd:element name="colorLevel" type="xsd:positiveInteger"/>
            </xsd:sequence>
        </xsd:extension>
    </xsd:complexContent>
</xsd:complexType>

                                
                                	
                                    <ColorPrinter type="ColorPrinter">
    <Name>ColorPrinter1</Name>
    <ColorLevel>8</ColorLevel>
</ColorPrinter>

                                
                            

                            
                                	asGroupRef
                                	Subtype to Supertype
                                	A complexType is created for 'BWPrinter' and 'ColorPrinter".
                                    Both a group and attributeGroup are created as needed depending
                                    on the encoding of the attributes in the 'Printer' class. These
                                    groups are referenced by 'BWPrinter' and 'ColorPrinter'.
                                	
                                    <xsd:complexType name="ColorPrinter">
    <xsd:sequence>
        <xsd:group ref="Printer"/>
        <xsd:element name="ColorLevel" type="xsd:positiveInteger"/>
    </xsd:sequence>
    <xsd:attributeGroup ref="Printer"/>
</xsd:complexType>

                                
                                	
                                    <ColorPrinter type="ColorPrinter">
    <Name>ColorPrinter1</Name>
    <ColorLevel>8</ColorLevel>
</ColorPrinter>

                                
                            

                            
                                	asNested
                                	Supertype to Subtype
                                	A complexType is created for 'Printer', 'BWPrinter' and
                                    'ColorPrinter' with the first directly including the latter two.
                                    An optional choice group reflects the choice between these two
                                    mutually exclusive subtypes.
                                	
                                    <xsd:complexType name="Printer">
    <xsd:sequence>
        <xsd:element name="Name" type="xsd:string"/>
        <xsd:choice minOccurs="0">
            <xsd:element name="BWPrinter" type="BWPrinter"/>
            <xsd:element name="ColorPrinter" type="ColorPrinter"/>
        </xsd:choice>
    </xsd:sequence>
    <xsd:attribute name="type" use="required" type="xsd:string"/>
</xsd:complexType>

                                
                                	
                                    <Printer type="ColorPrinter">
    <Name>ColorPrinter1</Name>
    <ColorPrinter>
        <ColorLevel>8</ColorLevel>
    </ColorPrinter>
</Printer>

                                
                            

                            
                                	asGroupRef
                                	Supertype to Subtype
                                	A complexType is created for 'Printer'. Both a group and / or
                                    attributeGroup are created as needed for each of 'BWPrinter' and
                                    'ColorPrinter' depending on the encoding of the attributes in
                                    each of them. An optional choice group reflects the choice
                                    between these two mutually exclusive subtypes. 
                                	
                                    <xsd:complexType name="Printer">
    <xsd:sequence>
        <xsd:element name="Name" type="xsd:string"/>
        <xsd:choice minOccurs="0">
            <xsd:group ref="BWPrinter"/>
            <xsd:group ref="ColorPrinter"/>
        </xsd:choice>
    </xsd:sequence>
    <xsd:attribute name="type" use="required" type="xsd:string"/>
</xsd:complexType>

                                
                                	
                                    <Printer type="ColorPrinter">
    <Name>ColorPrinter1</Name>
    <ColorLevel>8</ColorLevel>
</Printer>
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Notes
Surprisingly the claim that these visual languages represent an
                    implementation, and do not directly model the UoD is controversial in some
                    communities of practitioners. A well written, and thorough treatment of this
                    topic in the data modeling community can be found in Simsion-2007

            
View note in Notes section
A survey of some of the conceptual modeling proposals that have been made for
                    XML can be found in Nečaský-2006

            
View note in Notes section
As opposed to those aspects of a modeling language that should always be
                    generally true. Guizzardi explores this in chapter 2 of Guizzardi-2005. An informal description of desirable properties
                    of a model can be found at
                        http://www.idiagram.com/ideas/models.html

            
View note in Notes section
The phrase reasonable level of specificity is
                                simply an acknowledgement that no formal modeling language can
                                capture all of the nuance of a concept necessary for human
                                understanding. Prose is still essential. Instead the requirement is
                                that the modeling language at least convey enough information so
                                that all the people who read [and understand it] find themselves on
                                the same street, if not in the same house.

                        
View note in Notes section
Although this is a requirement, it has not yet been proven.
                                Because of the extensive expertise of the team that worked on this
                                project in relational database design, it does seem quite likely
                                that this will work when we get around to creating the necessary
                                software.

                        
View note in Notes section
Once again, this has yet to be proven. An initial assessment as to
                                the feasibility of this is promising. It would potentially require
                                the adoption of additional constructs defined in the UFO. The rules
                                (and resulting code) to map it into OWL DL would likely be easier
                                then the rules / code currently in place to generate an XML schema.
                                This is due to the very direct mapping between the constructs in the
                                conceptual modeling language and OWL DL, and to the fact that
                                relationship encoding in RDF is prescribed, where as in general XML
                                the variability in how relationships are encoded is considerable.
                            

                        
View note in Notes section
This requirement is driven by the practical resource constraints
                                of being able to find people with the correct skill set for creating
                                conceptual models for information systems.

                        
View note in Notes section
Construct variability, defined in Verelst-2004,
                                is the use of different modeling constructs (e.g., attribute vs.
                                entity) to represent the same real-world concept.

                        
View note in Notes section
Horizontal and vertical variability is defined in Verelst-2004. Vertical variability is the use of
                                different levels of generalization / abstraction to conceptualize
                                the same UoD. Horizontal variability is the use of different
                                categorizations at the same level of generalization / abstraction.
                            

                        
View note in Notes section
Ontology is not the sole discipline that can shed light on conceptual
                    modeling. Epistemology, phenomonology, semiotcs, linguistics, cognitive
                    psychology, and communication theory are but a few that have something to add,
                    and are indeed used in Guizzardi's work.

            
View note in Notes section
Optionality is fine on whole-part relations, where optional parts are a
                    perfectly reasonable thing.

            
View note in Notes section
It is hoped that the strict definition of what it is to be an attribute,
                        will reduce the construct variability that is often present in models where
                        attributes are used to represent both simple properties and
                        relationships.

                
View note in Notes section
In the pre-UML days, people were usually rather vague on what was
                            aggregation and what was association. Whether vague or not, they were
                            always inconsistent with everyone else. As a result, many modelers think
                            that aggregation is important, although for different reasons. So the
                            UML included aggregation, but with hardly any semantics.  (Fowler-2000 , p. 85)

                
View note in Notes section
Name changes are typically necessary to accommodate local conventions in
                    terminology, and local syntactic naming standards. In a conceptual model names
                    are chosen for clarity, and can be long, and will not necessarily agree with
                    jargon spoken by a specific community.

            
View note in Notes section
The XML Metamodel Interchange (XMI) format was briefly considered as a choice
                    for the serialization of the model. It does in fact have all of the needed
                    information. It was not chosen because its structure, optimized to exchange
                    [complete] models between modeling tools, is not ideal for creating clean XSLT
                    code for transformation into an XSD. In addition, the benefits of using a
                    standard tool-neutral serialization of a UML model are partially obviated by the
                    inconsistent and limited implementation of the standard in some modeling tools.
                    That said, the use of XMI is something that will be considered the future. An
                    appropriate XSLT 2.0 function library could be used to hide the complexities of
                    the XMI format.

            
View note in Notes section
An example of such clean-up is the removal of any xsd:group or
                        xsd:attributeGroup structures that are only referenced once, by
                    collapsing them within their referent.

            
View note in Notes section
Its quite challenging to keep straight all of the orthogonal concerns,
                        some subset of which much all come together in the final physical design,
                        but which should be thought about and modeled separately at the conceptual
                        level. For example, for any given information structure in a PDM, the
                        following different concerns might need to be addressed in addition to the
                        real-world object that the information structure is describing. How is
                        temporal change of that object's properties handled; how is the provenance
                        of the information (e.g., origin, trustworthiness) recorded; how is system
                        related metadata (e.g., who created it, when it will be deleted, access
                        control, versioning) represented, etc.

                
View note in Notes section
Sperberg-McQueen touches on the desirability of You
                                        have to say everything twice in Sperberg-McQueen-2008. The longer term goal of
                                    this work is to say things many times, in prose, in the
                                    conceptual modeling language, and in designs for XSD, DDL, and
                                    OWL.

                            
View note in Notes section
This reverse engineering is necessarily manual. The mapping
                                    between a given implementation back up to a conceptual model is
                                    many to one. This is unlike a mapping between a schema language
                                    and a simple visualization of it, as is typically implemented in
                                    tools today.

                            
View note in Notes section

View note in Notes section
The primitive type on which the user defined data type
                                            is a restriction of, is recorded directly as a property
                                            in the modeling tool. If a user defined datatype is a
                                            restriction of another user defined datatype, it is
                                            represented as a generalization relation.

                                    
View note in Notes section
The element names are created by selecting a name
                                                encoding option that combines an attributes name
                                                with its class name.

                                        
View note in Notes section

	[1]Surprisingly the claim that these visual languages represent an
                    implementation, and do not directly model the UoD is controversial in some
                    communities of practitioners. A well written, and thorough treatment of this
                    topic in the data modeling community can be found in Simsion-2007

            

	[2]A survey of some of the conceptual modeling proposals that have been made for
                    XML can be found in Nečaský-2006

            

	[3]As opposed to those aspects of a modeling language that should always be
                    generally true. Guizzardi explores this in chapter 2 of Guizzardi-2005. An informal description of desirable properties
                    of a model can be found at
                        http://www.idiagram.com/ideas/models.html

            

	[4]The phrase reasonable level of specificity is
                                simply an acknowledgement that no formal modeling language can
                                capture all of the nuance of a concept necessary for human
                                understanding. Prose is still essential. Instead the requirement is
                                that the modeling language at least convey enough information so
                                that all the people who read [and understand it] find themselves on
                                the same street, if not in the same house.

                        

	[5]Although this is a requirement, it has not yet been proven.
                                Because of the extensive expertise of the team that worked on this
                                project in relational database design, it does seem quite likely
                                that this will work when we get around to creating the necessary
                                software.

                        

	[6]Once again, this has yet to be proven. An initial assessment as to
                                the feasibility of this is promising. It would potentially require
                                the adoption of additional constructs defined in the UFO. The rules
                                (and resulting code) to map it into OWL DL would likely be easier
                                then the rules / code currently in place to generate an XML schema.
                                This is due to the very direct mapping between the constructs in the
                                conceptual modeling language and OWL DL, and to the fact that
                                relationship encoding in RDF is prescribed, where as in general XML
                                the variability in how relationships are encoded is considerable.
                            

                        

	[7]This requirement is driven by the practical resource constraints
                                of being able to find people with the correct skill set for creating
                                conceptual models for information systems.

                        

	[8]Construct variability, defined in Verelst-2004,
                                is the use of different modeling constructs (e.g., attribute vs.
                                entity) to represent the same real-world concept.

                        

	[9]Horizontal and vertical variability is defined in Verelst-2004. Vertical variability is the use of
                                different levels of generalization / abstraction to conceptualize
                                the same UoD. Horizontal variability is the use of different
                                categorizations at the same level of generalization / abstraction.
                            

                        

	[10]Ontology is not the sole discipline that can shed light on conceptual
                    modeling. Epistemology, phenomonology, semiotcs, linguistics, cognitive
                    psychology, and communication theory are but a few that have something to add,
                    and are indeed used in Guizzardi's work.

            

	[11]Optionality is fine on whole-part relations, where optional parts are a
                    perfectly reasonable thing.

            

	[12]It is hoped that the strict definition of what it is to be an attribute,
                        will reduce the construct variability that is often present in models where
                        attributes are used to represent both simple properties and
                        relationships.

                

	[13]In the pre-UML days, people were usually rather vague on what was
                            aggregation and what was association. Whether vague or not, they were
                            always inconsistent with everyone else. As a result, many modelers think
                            that aggregation is important, although for different reasons. So the
                            UML included aggregation, but with hardly any semantics.  (Fowler-2000 , p. 85)

                

	[14]Name changes are typically necessary to accommodate local conventions in
                    terminology, and local syntactic naming standards. In a conceptual model names
                    are chosen for clarity, and can be long, and will not necessarily agree with
                    jargon spoken by a specific community.

            

	[15]The XML Metamodel Interchange (XMI) format was briefly considered as a choice
                    for the serialization of the model. It does in fact have all of the needed
                    information. It was not chosen because its structure, optimized to exchange
                    [complete] models between modeling tools, is not ideal for creating clean XSLT
                    code for transformation into an XSD. In addition, the benefits of using a
                    standard tool-neutral serialization of a UML model are partially obviated by the
                    inconsistent and limited implementation of the standard in some modeling tools.
                    That said, the use of XMI is something that will be considered the future. An
                    appropriate XSLT 2.0 function library could be used to hide the complexities of
                    the XMI format.

            

	[16]An example of such clean-up is the removal of any xsd:group or
                        xsd:attributeGroup structures that are only referenced once, by
                    collapsing them within their referent.

            

	[17]Its quite challenging to keep straight all of the orthogonal concerns,
                        some subset of which much all come together in the final physical design,
                        but which should be thought about and modeled separately at the conceptual
                        level. For example, for any given information structure in a PDM, the
                        following different concerns might need to be addressed in addition to the
                        real-world object that the information structure is describing. How is
                        temporal change of that object's properties handled; how is the provenance
                        of the information (e.g., origin, trustworthiness) recorded; how is system
                        related metadata (e.g., who created it, when it will be deleted, access
                        control, versioning) represented, etc.

                

	[18]Sperberg-McQueen touches on the desirability of You
                                        have to say everything twice in Sperberg-McQueen-2008. The longer term goal of
                                    this work is to say things many times, in prose, in the
                                    conceptual modeling language, and in designs for XSD, DDL, and
                                    OWL.

                            

	[19]This reverse engineering is necessarily manual. The mapping
                                    between a given implementation back up to a conceptual model is
                                    many to one. This is unlike a mapping between a schema language
                                    and a simple visualization of it, as is typically implemented in
                                    tools today.

                            

	[20]
                                                Table 11Primitive Type Map


                                                  
                                                  	Conceptual Model
                                                  	XSD
                                                  

                                                
                                                
                                                  
                                                  	
                                                  string

                                                  
                                                  	
                                                  xsd:string

                                                  
                                                  

                                                  
                                                  	
                                                  float

                                                  
                                                  	
                                                  xsd:float

                                                  
                                                  

                                                  
                                                  	
                                                  integer

                                                  
                                                  	
                                                  xsd:integer

                                                  
                                                  

                                                  
                                                  	
                                                  date time

                                                  
                                                  	
                                                  xsd:dateTime

                                                  
                                                  

                                                  
                                                  	
                                                  date

                                                  
                                                  	
                                                  xsd:date

                                                  
                                                  

                                                  
                                                  	
                                                  time

                                                  
                                                  	
                                                  xsd:time

                                                  
                                                  

                                                  
                                                  	
                                                  boolean

                                                  
                                                  	
                                                  xsd:boolean

                                                  
                                                  

                                                  
                                                  	
                                                  octets

                                                  
                                                  	
                                                  xsd:base64Binary

                                                  
                                                  

                                                
                                            



                                    

	[21]The primitive type on which the user defined data type
                                            is a restriction of, is recorded directly as a property
                                            in the modeling tool. If a user defined datatype is a
                                            restriction of another user defined datatype, it is
                                            represented as a generalization relation.

                                    

	[22]The element names are created by selecting a name
                                                encoding option that combines an attributes name
                                                with its class name.
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            Abstract
Health data interoperability issues limit the expected benefits of Electronic
                Health Record (EHR) systems. Ideally, the medical history of a patient is recorded
                in a set of digital continuity of care documents which are securely available to the
                patient and their care providers on demand. The history of electronic health data
                standards includes multiple standards organizations, differing goals, and ongoing
                efforts to reconcile the various specifications. Existing standards define a format
                that is too complex for exchanging health data effectively. We propose hData, a
                simple XML-based framework to describe health information. hData addresses the
                complexities of the current HL7 Clinical Document Architecture (CDA). hData is an
                XML design that can be completely validated by modern XML editors and is explicitly
                designed for extensibility to address future health information exchange needs.
                hData applies established best practices for XML document architectures to the
                health domain, thereby facilitating interoperability, increasing software developer
                productivity, and thus reducing the cost for creating and maintaining EHR
                technologies. 

        Keywords: Health Data Exchange, Electronic Health Records, Health Information Technology
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        Background

        In Section “Background”, we discuss the motivation for addressing the
            problem space of health data exchange formats. We briefly revisit the history of the
            work in the field and outline problems with the currently accepted approach. In Section
                “Introducing hData”, we introduce a modern XML best practices approach to
            organizing health data for electronic consumption. Section “HITSP Alignment”
            outlines how our approach can be aligned with the existing work in the field of
            electronic health records. Finally, in Section “Conclusions”, we conclude with
            a brief review. 

        
            Electronic Health Data Exchange

            Electronic documentation of health care data is currently at the heart of the U.S.
                national discussion on healthcare reform. While there is no universally accepted
                definition of an Electronic Health Record (EHR), we follow the common approach of
                referring to the entirety of the electronic data about a single patient as the
                complete EHR, while the data stored in a single system is referred to as the
                Electronic Medical Record (EMR) [ref1] [ref2].
                Electronic Health Record Systems (EHR Systems) have existed since the 1960s with the
                introduction of MUMPS [ref3] and have benefited from the
                information technology advancements of the last 40 years. However, health data
                exchange interoperability and other usability issues have plagued system-wide
                adoption [ref4] and have thus limited the expected benefits. As of
                2009, adoption rates in the U.S. have been as low as 11% for hospitals [ref5] while only 17% of all U.S. physicians have access to an EHR
                System [ref6]. 

            For achieving quality outcomes and economic efficiencies, summary of care
                information plays a special role. Ideally, the entire relevant medical history of a
                patient is recorded in a set of summary of care documents securely available to
                patients and their clinicians on demand. This way, the entire care team gets the
                same exact and complete picture of the patient’s health data, without costly
                repeated examinations, duplicate lab tests, and partially reported conditions or
                results (reported to one physician, but absent from another physician’s
                records).

        
        
            The Path to HITSP C32

            Health Level Seven (HL7) is a health standards organization whose work focused on
                health data standards by creating the clinical document architecture (CDA) [ref7]. The CDA was created with complete coverage of edge cases in
                mind: using the CDA, one can expect to address nearly all documentation needs in any
                health care system. Consequently, this approach made the schema extremely flexible
                but overly complex, hard to implement in an interoperable design, and difficult to
                manage. In the meantime, the Massachusetts Medical Society and others created a
                simpler continuity of care record (CCR), not based on the CDA. Eventually, another
                standards organization, ASTM International, adopted the CCR as its proposed
                continuity of care record standard [ref8].

            HL7 reconciled its standards with ASTM by taking the data elements found in the
                CCR and encoding them in the CDA, with the resulting standard being called the
                Continuity of Care Document (CCD). As part of the U.S. national initiative in Health
                Information Technology (HIT), the American National Standards Institute (ANSI) and
                its affiliated Health Information Technology Standards Panel (HITSP) recommended
                that the CCD be used as an input standard for creating a national continuity of care
                standard. The result was initially published as the HITSP Construct 32 standard
                (C32) [ref9]. The module content and supporting vocabularies were
                recently migrated to HITSP documents C80 [ref10] and C83 [ref11]. As a result, the latest HITSP C32 is essentially only a
                reference to C80 and C83. The entire document suite has been significantly expanded
                and has grown more complex. 

        
        
            Criticism of the CDA and C32

            There are several shortfalls in the CDA, C32, and related standards. Most of these
                were experienced firsthand when we implemented “Laika,” an open source C32
                compliance testing tool set (http://projectlaika.org). Four of the key
                issues are described below. 

            
                	
                    Repeated use of overly abstract data
                            structures: The HL7 CDA defines a number of very generic
                        objects that are used to represent information in a given document.
                        Differing information, such as medications and conditions, are represented
                        using the same XML elements with very subtle changes in their nesting and
                        attributes. This makes a CDA document difficult to process.

                

                	
                    Underspecified implementation, including lack of a
                            normative schema: While there is an XML schema for the HL7
                        CDA, a final schema does not exist for the HITSP C32 or other CDA-based
                        documents due to their use of attributes for selecting templates. Thus,
                        defining schemas for these documents is impossible. As a result, CDA-based
                        constructs such as HITSP C32 cannot be automatically validated by XML
                        parsers; standard object mapping tools, such as XML Beans or JAXB, cannot be
                        used. 

                

                	
                    Ambiguous data types: Data can be
                        represented in multiple ways in a CDA document. Consumers of CDA documents
                        must, therefore, write software that handles any of the numerous
                        permutations of these data types. This leads to bloated software, or more
                        likely, software that does not implement the full specification and
                        experiences interoperability problems when it receives data in an unexpected
                        format. 

                

                	
                    Steep and long learning curve: Mastery of
                        the CDA and its many specifications and constructs takes an experienced
                        software engineer many months to achieve. Once learned, it is very
                        cumbersome to employ in robust software applications and services. These
                        difficulties drive up the cost and time to develop and maintain health care
                        software, thus reducing the pace of innovation. 

                

            

            While we are not aware of any widespread operational deployment of CDA or C32 for
                health information exchanges, work on these standards has created useful medical
                domain expertise in the health industry. HITSP has recognized the complexity of the
                existing CDA-based standards and has completed an effort to “streamline” the
                standards and the documentation on how to use them [ref12]. At the
                heart of this effort lies the definition of HITSP Capabilities and Service
                Collaborations. The Capabilities are essentially profiles of existing HITSP
                Constructs which then map to requirements of the American Recovery and Reinvestment
                Act (ARRA) [ref13] (see
                    http://hitsp.org/default.aspx?show=library for an overview of the
                HITSP Constructs and [ref14] for the EHR Centric Interoperability
                Specification). The HITSP architecture approach after the Spring 2009 Tiger Team
                review is described in [ref15]. While this document reordering may
                provide some help, exchanging continuity of care information will still take place
                in the same overly complex format. 

            Additionally, the entire existing HITSP framework does not always deliver a
                comprehensive, interoperable set of specifications, thus exacerbating
                interoperability problems. For example, the latest revision of the HITSP C19
                Construct [ref16] references Integrating the Health Enterprise
                (IHE) IT Infrastructure Technical Framework (ITI-TF) Volume 2 [ref17]and relies on ITI-TF 2, section 3.40, “Provide X-User Assertion” for exchanging
                user attributes. Section 3.40 is a very loose profile of using restricted SAML 2.0
                assertions [ref18] with WS-Security [ref19] and
                WS-Trust 1.3 [ref20]. It is unclear why WS-Trust was chosen over
                the SAML 2.0 protocol, especially since WS-Trust does not define use case profiles,
                processing rules, or static conformance rules. IHE failed to provide complete use
                case profiles and processing rules in its specification. Omissions like these invite
                vendor-specific interpretations of the underlying standards and—in the absence of
                coordinated, point-to-point interoperability certification testing—will lead
                invariably to non-interoperable solutions. 

        
    
    
        Introducing hData

        As an alternative to the CDA framework, we propose hData, a simple XML framework for
            the creation, storage, and exchange of health data. The hData specification [ref21] contains three components: 

        
            	
                hData Record Format (HRF): The HRF describes an abstract architecture of how
                    data is stored in multiple XML documents and organized in a hierarchy. It also
                    contains a concrete schema for the HRF metadata. Records conforming to the HRF
                    are called hData Records (HDRs).

            

            	
                HRF Serialization: Within EHR Systems, hData Records may be persisted in
                    different ways. The hData specification describes a portable scheme to create an
                    archive of the individual documents that make up the HDR. 

            

            	
                hData RESTful API (HRA): When the HRF is represented as a web resource, this
                    RESTful specification allows for modification of section documents, creation of
                    new data, record transport, and management of the entire record through a simple
                    RESTful Web API. 

            

        

        Beyond the above technical specification, hData uses hData Content Profiles (HCP) to
            specify the actual content included in a particular hData record. It is important to
            note that the HRF determines the format of the record but does not determine the medical
            data that needs to be contained within an HDR. The HCPs determine what data must be
            contained within an HDR for a particular purpose. As such, a given HDR will always be
            conformant with the HRF and may satisfy one or more HCPs.

        The data elements defined in the NQF-35 hData Content Profile [ref21a] address the immediate issues of continuity of care interoperability, but its scope
            goes well beyond this application. By including all of the National Quality Foundation’s
            (NQF) 35 data elements (NQF-35) derived from the NQF Health Information Technology
            Expert Panel (HITEP) [ref22] the NQF-35 HCP is suitable as a general
            purpose electronic health record format. Any hData implementation must minimally support
            the NQF-35 hData Content Profile. Please visit http://projecthdata.org/ for
            more information on the hData Content Profiles and the NQF-35 HCP specification. 

        Separating the hData Content Profiles from the technical container and communication
            specification serves the interests of both the health care and technical communities:
            the HCPs should be defined and managed by medical domain experts, while the data
            organization issues can be better addressed by data management experts. By separating
            the problem areas and creating two distinct specification sets, the respective
            communities and their standardization organizations can employ their own expertise and
            follow their own time lines.

        While the hData technical specification and the NQF-35 hData Content Profile make up
            the core of the hData framework, additional hData Content Profiles can be created to
            extend the functionality of the HRF (e.g., a lab report or an immunization record HCP
            could be easily added). Going forward, we will develop other HCPs that cover specific
            use cases. In addition, in Section “The Road Ahead”, we briefly discuss
            possible access control, identity management, and privacy management extensions for
            hData that use the hData RESTful API. 

        Please visit for more information on the hData Content Profiles and our initial HCP
            example. The data elements defined in the NQF-35 hData Content Profile address the
            immediate issues of continuity of care interoperability, but its scope goes well beyond
            this application. By including all of the National Quality Foundation’s (NQF) 35 data
            elements (NQF-35) derived from the NQF Health Information Technology Expert Panel
            (HITEP), the NQF-35 HCP is suitable as a general purpose electronic health record
            format.

        
            hData Overview

            The hData Record Format (HRF) follows the approach taken by the Open Document
                Format (ODF) [ref23] and other modern XML file formats: at the
                core of the document is a “root” document containing metadata describing the actual
                medical data documents, which are located within a hierarchy of sections. These
                individual XML documents are referred to as “section documents” and are located
                within a section. Any given section can only contain section-documents of one type
                or other sections. These sections can easily be represented as a file folder
                hierarchy on disk or within a ZIP file, or as web resources. 

            The hData Record Format was created with extensibility in mind. Since we do not
                expect to be able to address all potential use cases with a single HCP, hData can be
                extended by defining new sections for additional XML documents to deliver additional
                functionality with almost no limitations to the format of the extensions. While
                highly desirable, we do not expect that all consumers of hData will be required or,
                indeed, will be capable of parsing all documents, so extensions must be marked as
                mandatory or optional.

            Finally, the NQF-35 hData Content Profile aims to enhance EHR data quality by
                enforcing strict rules on the non-narrative parts of the record to allow automated
                machine processing. C32 and related formats often use narrative fragments within
                fields that are intended for machine consumption, thus breaking interoperability.
                For example, dates can be specified through descriptive terms such as “a week ago”.
                While there is a requirement to capture the fact that a date is ambiguous, resorting
                to unstructured text creates significant interoperability issues and makes machine
                parsing of EHRs unnecessarily complex. By restricting common data types to
                well-established type definitions, hData lowers the interoperability barrier and
                simplifies the creation of health care software. 

        
        
            Record Organization

            Data in the hData Record Format is stored in a set of linked standalone XML
                documents. Each data point in a patient’s record is captured in an independent
                standalone XML document. The collection of these documents, along with some
                organizational metadata, constitutes an hData Record that conforms to the HRF
                specification. There is no constraint on the XML schema used in each of these
                individual documents: existing data (e.g., legacy data, machine generated lab
                results, etc.) can be integrated into an HDR without loss of fidelity by adding a
                section for the legacy data XML documents. Non-XML data can be wrapped either
                through simple transforms where possible, or by encoding the data in a form suitable
                for XML storage (e.g., by using BASE64 encoding for binary data). 

            
            [image: HRF Structure]
                    
                
Figure 1.HRF Structure
            These independent documents are linked and organized in a hierarchy: a “root”
                document contains metadata about the structure and content of the collection. In
                particular, the following metadata resides in the root document: 

            
                	
                    Unique document identifier, creation date, and
                            modification date: The document identifier should not be tied
                        to a particular resource or document location, but must instead guarantee
                        uniqueness over all other hData documents. The identifier should not be
                        overloaded with any semantics. Valid choices for the document identifier
                        could be a UUID [ref24], or a URL that uses the root of
                        the EHR System operator and a unique identifier for the document itself.
                    

                

                	
                    Extensions: : Since hData is extensible,
                        all contained types of section documents, identified by an XML namespace,
                        must be registered in the extensions section. Once the universal resource
                        indicator (URI) for a section document is registered in the
                            Extensions node of the root document, this type of section
                        document can be used in any Section node. To assist hData
                        parsing, extensions are marked mandatory or optional. Optional extensions
                        can be ignored. If mandatory extensions cannot be parsed, the system must at
                        least notify the user that critical portions of the document will not be
                        processed. 

                

                	
                    Section definitions: Sections can contain
                        data documents of a single type or other sections (sub-sections). The type
                        of section document, identified by a URI, must in turn be registered in the
                        extensions node of the root document. The hData Content Profile defines a
                        standard section layout that can be extended by the implementer. Note that
                        there can be many sections that may contain the same type of documents,
                        (i.e., the relationship between section document types to sections is
                        one-to-many). It is helpful to think of sections as “directory folders”
                        containing individual XML documents (“files”) and other sections
                        (“folders”). Figure 1 illustrates the
                        hData Record Format structure. 

                

            

            There is no restriction on the content of the section, with the exception that the
                “section documents” must be expressed in XML and have a type registered as an
                extension in the root document. Figure 2 contains a
                very simple example of a root document. 

            
<root xmlns="http://projecthdata.org/hdata/schemas/2009/06/core">
    <documentId>c64e620d-f648-4531-9703-14b37afefc2c</documentId>
    <version>0.1</version>
    <created>2009-07-12-04:00</created>
    <lastModified>2009-07-12-04:00</lastModified>
    <extensions>
        <extension requirement="mandatory">
            http://projecthdata.org/hdata/schemas/2009/09/patientinformation
        </extension>
        <extension requirement="mandatory">urn:empty</extension>
        <extension requirement="mandatory">
            http://projecthdata.org/hdata/schemas/2009/06/allergies
        </extension>
    </extensions>
    <sections>
        <section 
                typeId="http://projecthdata.org/hdata/schemas/2009/09/patientinformation" 
                name="Patient Information" 
                path="patientinformation"/>
        <section 
                typeId="urn:empty" 
                name="Adverse Reactions" 
                path="adversereactions">
            <section 
                    typeId="http://projecthdata.org/hdata/schemas/2009/06/allergies" 
                    name="Allergies" 
                    path="allergies"/>
        </section>
    </sections>
</root>
                

            
Figure 2.Root Document Example
        
        
            Network Access to hData Records

            The data represented by an hData Record should be simple to exchange from one EHR
                System to another. The hData Record Format lends itself ideally for RESTful
                applications: the same hierarchy that can be represented in a file folder structure
                can transfer directly to a URL hierarchy. With this representation in mind, we
                define a RESTful Application Programming Interface (API) to edit the patient hData
                Record through HTTP at the section and section document level. This approach is much
                more efficient than the complex IHE XDS protocol [ref25] currently
                proposed for sharing CDA-based health data. 

            By using the HTTP GET verb, any part of an HRF document can be read: the root
                document is directly accessible through the base URL of the HRF. The root document
                contains all necessary metadata to access the medical information contained in the
                HRF document, including a list of all mandatory and optional document types a parser
                must implement. Each section is accessible as a sub-resource, identified by its
                path-segment, which in turn is used to compute the absolute URL to the section
                resource. A GET operation on the URL of a section (or sub-section) resource returns
                an Atom 1.0 feed of all documents or a feed of its sub-sections. The returned
                results can be filtered by using HTTP headers, such as TE (Transfer Extension)
                headers [ref26], or other appropriate query parameters. For
                example, a GET on /immunizations with If-Modified-Since set to a
                specific date, would only return immunizations that have been administered since a
                given date.

            Modifications of the HDR are implemented analogously. New section documents can be
                added or modified through PUT or POST operations; DELETE works in the same fashion,
                although we recommend well-defined auditing processes when deleting data from an
                HDR. Again, HTTP headers can be used: ETags are highly useful for PUTs. For example,
                a new allergy can be added to the document by PUTting an allergy document into the
                    /adversereactions/allergies section in the document hierarchy. 

            Existing EHR systems (such as the U.S. Veterans Administration’s VistA) can be
                retroactively equipped with hData capabilities without having to re-architect the
                underlying EHR system. 

        
    
    
        HITSP Alignment

        
            C32 Interoperability and the L32

            In order to maintain interoperability with existing EHR implementations that use
                the C32, we also introduce a mechanism to map between hData and a tightly profiled
                version of the HITSP C32 standard, called the “Lightweight C32.” The “Lightweight
                C32,” or L32 for short, is a specification that bridges between CDA-based
                architectures and hData. There are two “modes” for L32: native and compatibility.
                Both remove some of the ambiguity found in the HITSP standard. A native mode L32
                document can be easily validated against the new L32 XML Schema, which is not
                compliant with the C32 and CDA standards. This is due to the use of xsi:type
                attributes in the L32 that facilitate the creation of a more concrete schema. For
                L32 documents in compatibility mode, these xsi:type attributes can be added via XSLT
                to provide compatibility with the C32 standard. Conversion between native and
                compatibility mode is performed through a simple XLST transform. 

            L32 provides a simpler path to generate a document that will be C32 conformant,
                and satisfies the requirements of current and proposed EHR legislation in the U.S.
                L32 is currently under development; more information is available on the Project
                hData home page at http://projecthdata.org/.

            Mapping between hData and L32 is achieved through a simple XSLT/XProc process.
                This transformation is necessary since C32 or its descendants are required in
                regulated U.S. EHR Systems. Using this approach, new systems can fully focus on
                leveraging the simplicity and precision of hData, thus eliminating the need to
                maintain the complex organizational knowledge and skills required for consuming or
                producing C32 or other CDA-based constructs. Existing systems can leverage the
                constrained C32 profile and the hData conversion tools to ensure that their
                continuity of care documents are interoperable. Since hData is capable of providing
                all functionality for a CDA-based document system through extensibility, the hData
                format allows for a natural evolution away from the CDA-based document formats. 

            The L32 alignment approach should not be mistaken for a solution in and of itself.
                The L32 maintains the cumbersome CDA legacy, and cannot address any of the problems
                deriving from its monolithic form. L32 is intended to ease the transition from HITSP
                C32, not to address all of the requirements for a comprehensive EHR health data
                standard. As such, L32 is limited to the continuity of care sections of the NQF-35
                hData Content Profile.

        
        
            HITSP Harmonization Framework

            While hData introduces a new approach to the data format and replaces significant
                portions of the existing CDA architecture, it still fits conceptually into the HITSP
                architectural framework [ref15]. The extensive existing work on
                defining code systems, data standards, data dictionaries, data exchange content, and
                use case scenarios can be leveraged with hData through its simple extension
                mechanism. hData Content Profiles, if hData is eventually adopted, will rely heavily
                on the medical domain knowledge that HITSP and its members have been working on
                successfully for many years.

            In fact, individual HITSP constructs (including CDA-based documents such as the
                C32) and other legacy EHR formats, could be included in their own section within an
                HDR. While this is not the intent of hData, this approach offers an easy migration
                path away from CDA-based health data exchange. 

        
    
    
        The Road Ahead

        The hData technical specification described so far is not sufficient to build a fully
            featured EHR system or to fully enable emerging EHR technologies [ref27]. We intentionally restricted the scope of the hData specification to the data
            architecture to avoid the complex interdependencies seen in the CDA and the
            specifications that build on the CDA. Going forward, hData needs to address the
            challenges of the complex interactions of the health care industry as well as the
            requirements of health regulation. In this section, we briefly outline the near-term
            roadmap for hData by addressing three crucial problems: 

        
            	
                Access Control: Access to an HDR must sometimes be restricted to a subset of
                    the data contained in the HDR. The HRF offers a natural fine granularity for
                    access control at the level of individual section documents. Access to
                    individual section documents, as well as entire sections, can be restricted
                    through Access Control Lists (ACLs) or section path-based patterns.

            

            	
                Identity and Privacy Management: By using access control features, access
                    authorization can be made identity aware, i.e., access to individual sections or
                    section documents is granted based on the identity of the requesting entity.
                    Building on such an identity management framework, access to HDRs can be managed
                    to preserve privacy along the lines of HIPAA and ARRA, but also other generally
                    accepted privacy guidelines such as the OECD Privacy Principles [ref28].

            

            	
                Discovery and Patient Empowerment: Ultimately, we see a strong need for
                    empowering patients who should have easy access to their complete EHR. In
                    addition, every patient should also be enabled to share their complete or
                    self-selected EHR data with anyone they choose.

            

        

        
            Access Control and Identity and Privacy Management

            The hData specification does not include any access management components. We have
                consciously decided to focus on data modeling first, and to create hData Content
                Profiles for additional functionality later. At the same time, the overall
                architecture is well-suited for fine-grained access control that allows for privacy
                and addresses confidentiality needs:

            
                	
                    Section documents are the basic units of data storage. Since these
                        documents are self contained, any access management system that uses this
                        document architecture already has a granularity that cannot be achieved with
                        any CDA-based document format.

                

                	
                    The hierarchical organization of the sections also makes it easy to grant
                        access to sections or sub-trees of sections by hierarchy. This enables a
                        variety of interesting applications, such as anonymization through blocking
                        access to the /patientinformation section.

                

                	
                    The web resource-based representation of hData Records lends itself to
                        defining access policies based on URL patterns, which is readily supported
                        today by several vendors and open source software projects. 

                

            

            There are a variety of potential ways to define identity, privacy, and access
                management profiles for hData, including Access Control Lists (ACLs), policy agents,
                or even Simple Object Access Protocol- (SOAP-) based identity web services. At this
                time we are focusing on demonstrating a RESTful protection scheme, which works with
                the hData RESTful API. It builds on the “ProtectServe” protocol that has been
                presented by Eve Maler et al. [ref29]. ProtectServe has been
                submitted to the User-Managed Access Working Group of the Kantara Initiative [ref30] for public review and standardization.

        
        
            Enabling Patient-Centric Electronic Health Records

            As indicated in Section “Background”, a complete EHR is the collection
                of all individual EHRs and EMRs across all health service providers that hold health
                data about a patient. Within the health community, there are many EHR Systems
                operated by different actors, such as health providers, government entities,
                insurance companies, and others. Currently, patients have very limited electronic
                access to their digital health data stored by other actors, and even less active
                control over who can access their health data. Since hData implements RESTful
                patterns, access to hData Records for patients can easily be implemented by giving
                patients access to their data over the internet. Simple stylesheets can be used to
                display the contained data in a human-readable form.

            In addition, hData web resources can be made discoverable through web-centric
                protocols such as the proposed XRD 1.0 protocol [ref31]. By using
                discovery mechanisms, patients can effectively link their HDRs in different EHR
                Systems and create a more complete picture of their health data. By using a
                ProtectServe-like authorization scheme, the patient is empowered to authorize access
                to their records based on the identity of the requestor. 

            
            [image: Notional hData use case]
                    
                
Figure 3.Notional hData use case
            A combination of XRD discovery and ProtectServe authorization management is
                illustrated in a simple use case in Figure 3 that
                illustrates the following steps:

            
                
                	
                    Prior to any interaction, the patient or service provider configures the
                        Discovery and Authorization Service (DAS). This includes registering
                        existing HDR endpoints and, optionally, pre-configuring HDR default access
                        policies.

                

                	
                    When requesting the medical services of a new provider (e.g., a
                        specialist), the patient interacts with the EHR System of the specialist by
                        pointing the provider’s EHR System to the patient’s DAS. 

                

                	
                    At the DAS, the patient selects the applicable HDR endpoints that he wants
                        to share with the specialist. This step is necessary, since the patient may
                        choose not to share some HDRs (e.g., mental health data). At this stage, it
                        is important for the DAS to present the patient with reasonable default
                        privacy choices, and to warn the patient of potential risks when disclosing
                        information beyond the default selections. 

                

                	
                    A custom XRD is generated for the specialist and sent to the specialist’s
                        EHR System.

                

                	
                    The specialist’s EHR System can now contact the HDR endpoints contained in
                        the custom XRD and initiate a ProtectServe session and provide access to the
                        patient’s authorized HDRs.

                

            

            Since all protocols for this exchange are completely open and no additional
                knowledge beyond the location of the HDR endpoints is necessary, a patient can
                choose to implement their own DAS, making the system truly patient-centric. At the
                same time, we expect that either existing actors in the medical community such as
                health providers, government entities, insurance companies, or emerging service
                providers similar to Google Health or Microsoft HealthVault will offer DAS to
                patients. 

        
    
    
        Conclusions

        hData is a new approach to address the current complexities of electronic health data
            exchange. The hData design avoids many of the problems of the CDA outlined in Section
                “Criticism of the CDA and C32” :

                	
                    Repeated use of overly abstract data
                            structures: The structures defined in the HRF are extremely
                        simple, and the use of hierarchical storage for individual section and
                        section documents is well-understood in the software developer community.
                    

                

                	
                    Underspecified implementation, including lack of a
                            normative schema: The hData technical specification comes
                        with a small normative W3C XML Schema for the metadata root document. The
                        NQF-35 hData Content Profile defines a normative W3C XML Schema for the
                        National Quality Foundation’s 35 data elements. By providing clearly defined
                        XML schemas, the hData framework guarantees automated XML tool support which
                        simplifies software development. 

                

                	
                    Ambiguous data types: All hData
                        constructs have a single representation that can easily be processed by
                        machines and humans. 

                

                	
                    Steep and long learning curve: hData can
                        be learned and used in a software system in days, not weeks or months,
                        reducing the cost and time to develop health care software. This will
                        accelerate the innovation of EHR technologies. 

                

            

        In addition, hData is designed so that implementation is simple, fast, and cheap.
            Through its simple extensibility model, hData can address the needs of summary of care
            documentation and can also be profiled as a comprehensive EHR data container. hData is
            highly portable through its simple serialization format and its RESTful API. hData is
            extremely flexible, can be validated completely by modern XML parsers, and is capable of
            addressing both current and future health data exchange needs.

        By going beyond the outdated monolithic document architecture, hData enables new EHR
            technology features such as fine-grained updates of individual portions of a patient’s
            record, fine-grained access control on all health data, and simple integration with
            existing and emerging identity and access control management systems.
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            Abstract
Until recently, the admirable and impressive eXist XML database sometimes failed to optimize queries with
                numerical predicates. For example, a search for $i/following::word[1] would retrieve all
                <word> elements on the following axis and
                only then apply the predicate as a filter to return only the first of them. This was
                enormously inefficient when $i pointed to a node near the beginning of
                a very large document, with many thousands of following
                    <word> elements. As an end-user without the Java
                programming skills to write optimization code for eXist, the author describes two types of optimization in the more
                familiar XML, XPath, and XQuery, which reduced the number of nodes that needed to be
                accessed and thus improved response time substantially.

            A subsequent optimization introduced by the eXist
                developers into the eXist code base is described in
                an addendum to this paper. Although this revision partially obviates the need for
                the work-arounds developed earlier, the analysis of the efficiency of various XPath
                approaches to a single problem continues to provide valuable general lessons about
                XPath.
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        The corpus

        Alain de Lille’s (Alanus ab insulis)
            allegorical-philosophical epic, the Anticlaudianus, is
            a poem divided into nine books with a brief verse prologue and an equally brief prose
            pre-prologue. The text was published by Robert Bossuat in 1955 (Anticlaudianus / Alain de Lille: texte critique avec une introduction et des
                tables publié par R. Bossuat [Paris : J. Vrin, 1955]), cleaned up in 2009
            by Danuta Shanzer (University of Illinois at Urbana-Champaign, shanzer@illinois.edu) as a Dumbarton Oaks Medieval Library Latin Series Work
            In Progress, and converted to XML and published as a queriable concordance by David J.
            Birnbaum (University of Pittsburgh, djbpitt@pitt.edu). When this report was
            last edited in August 2009, the concordance was freely accessible at http://clover.slavic.pitt.edu:8081/exist/acl/search.html; it will eventually
            move to a different stable freely accessible address, which has not yet been determined,
            but which should be discoverable through search engines.

        The corpus consists of a single XML file subdivided into
                <book> elements (prose introduction, verse introduction,
            nine principal chapters). Each <book> is divided into
                <line> elements (4344 <line>
            elements in the nine principal <book> elements, for an
            average of 482.7 <line> elements per
                <book> element), and each
                <line> is divided into <word>
            elements (27222 <word> elements in the nine principal books,
            or approximately 6.27 <word> elements per
                <line> element; the <word>
            counts per <line> range from a low of 4 to a high of 10). For
            example, Book 2 begins:

        <book n="2">
  <line>
    <word>Regia</word>
    <word>tota</word>
    <word>silet;</word>
    <word>expirat</word>
    <word>murmur</word>
    <word>in</word>
    <word>altum,</word>
  </line>
  <line>
    <word>cum</word>
    <word>visu</word>
    <word>placidos</word>
    <word>delegat</word>
    <word>curia</word>
    <word>vultus,</word>
  </line>
  <!-- more lines -->
</book>

        Because scholars are likely to be interested more in the contents of the nine
            principal books than in the contents of the prose and verse introductions, the counts
            and calculations below omit the latter. They are, nonetheless, relevant in certain
            situations, such as when a query consults all <word> elements
            in the document, including those in the introductions. The prose introduction contains
            477 <word> elements and the verse introduction 50.

    
    
        The task

        The goal of the electronic concordance project is to enable users to search for words
            and generate a keyword-in-context (KWIC) report on the fly. The system was originally
            implemented using the eXist XML database (http://www.exist-db.org), version 1.3.0dev-rev:8710-20090308. Version 1.3 of
                eXist, still in beta at the time this report was
            last revised, is the first to introduce a Lucene-based
            index, which is intended eventually to replace the original proprietary full-text index,
            and the present concordance is indexed and accessed using the Lucene index. When the user enters a query string and launches a search,
            the system retrieves all hits and returns them with several preceding and following
            words (three each by default, but the user can adjust this number). Line breaks in the
            original are rendered as slashes in the KWIC output (this part of the code has been
            omitted from most of this report in the interest of legibility, except when it is the
            object of optimization). For example, a search for pugna (Latin for
            ‘fight’), which occurs four times in the corpus, returns:

        
            	
                Acl.8.254: Martis amore / succensi, pugna cupiunt incidere vitam. / 

            

            	
                Acl.9.283: Luxum / Sobrietas, sed pugna favet Virtutibus, harum / 

            

            	
                Acl.9.331: fraudesque recurrit. / degeneri
                        pugna, servili Marte, dolosa / 

            

            	
                Acl.9.384: indignata sub umbras. / Pugna cadit, cedit iuveni

            

        

        The XPath preceding and following axes are ideally suited to
            this type of project, since they ignore the <line> element
            boundaries and treat adjacent <word> elements identically
            irrespective of whether they fall in the same <line> element
            as the target word or in preceding or following <line>
            elements. For example, the system can retrieve the three
                <word> elements that precede the target
                <word> element with the following XQuery (assume that
                $i represents the target <word>
            element):

        for $j in reverse(1 to 3) return $i/preceding::word[$j]

        This query returns the third, second, and first <word>
            elements before the target <word> element, in the specified
            order. An analogous statement can retrieve the three <word>
            elements that follow the hit, thus providing the rest of the context. Because queries
            along the long (preceding and following) axes make no
            distinction between preceding and following <word> elements
            within the same <line> element and those that require
            crossing a <line> element boundary, the resulting XQuery code
            is lucid and clean, making it extremely easy to read, write, and maintain.

    
    
        The problem

        The preceding strategy retrieves the correct results, and does so with elegant code,
            but initially it proved unusable in practice for reasons of efficiency, even with
            appropriately configured eXist Lucene and range indexes
                (“Configuring,” “Lucene,” “Tuning”). Until a recent revision in the eXist code base (see the Addendum,
            below), XPath expressions that addressed the long axes were inefficient because
                eXist retrieved the entire set of nodes on the specified axis before looking at the
            predicate. For example, in the worst case a hit would fall at the beginning of the first
                <line> in the first <book>
            element, which meant that in order to find the three immediately following
                <word> elements by looking on the following
            axis eXist would first retrieve as many as 27221
            following <word> elements and only then apply a numerical
            predicate to filter the returned result. Since the context includes both preceding and
            following <word> elements (that is, it requires accessing the
                preceding axis in the former case and the following axis
            in the latter), hits that have fewer preceding <word>
            elements have more following ones, and vice versa, which means that all hits require
            sets of retrievals that span the entire document. The overhead was not a significant
            problem with queries that retrieved a mere handful of hits, but those that retrieved as
            few as two hundred hits could take several minutes to return, and sometimes they failed
            to return entirely because they generated Java heap overflow errors (which could have
            been evaded by increasing the heap size, but that would not have provided a solution to
            the efficiency problem).

        This problem is not a unique or inherent property of the long axes. Rather, it is a
            property of the number of nodes on which the predicate operates. For example, in a
            flattened tree (imagine transforming the document to one where all
                <word> elements are directly under the root and line and
            book boundaries are encoded as empty milestone tags), a hit at the beginning of the
            document that queried the following-sibling axis, rather than the
                following axis, would nonetheless retrieve tens of thousands of
            unwanted <word> elements before applying the predicates to
            select the mere three that were actually needed. For this reason, although the problem
            may initially appear to be an overlap issue in that in its original form it crosses the
            boundaries of <line> elements, the flattening thought
            experiment reveals that it is actually an optimization problem that is independent of
            both the specific axes involved and the depth of the nesting. If, for example, eXist were to look first at the predicate and then access
            only the necessary elements on the specified axis, instead of first retrieving all
            elements on that axis and only then consulting the predicate and discarding the unwanted
            ones (in the present case, all but one), processing would not be suffocated by
            unnecessary retrieval irrespective of whether the query needed to cross a
                <line> element boundary.

        As is discussed in the Addendum, below, eXist has since implemented this type of optimization, but
            the problem nonetheless continues to merit consideration. Among other things, the issue
            was never about eXist, since were that the case, an
            obvious solution would have been to use an alternative platform that provided the
            necessary optimization. Instead, the problem provides an opportunity to reflect more
            generally on the nature of XPath expressions and the relationship between XPath and XML.
            For example, although the inefficiency described above is independent of the specific
            axis involved insofar as it could also have arisen with the sibling axes in a flattened
            tree, it nonetheless does depend on the XML structure, or, more precisely, on its
            indifference to the XML structure. What the long axes in the actual problem and the
            sibling axes in the flattened tree alternative have in common is that they operate
            independently of the tree structure. For example, the sibling axes in the original tree
            constrains the number of nodes involved because the tree is balanced in a way that
            ensures that no <word> element will have more than nine
            sibling <word> elements. What the long axes in that same tree
            and the sibling axes in the hypothetical flattened tree alternative have in common, on
            the other hand, is that all <word> elements are treated as
            though they are on the same level of the tree (in the former case because the long axes
            ignore the tree and in the latter case because the tree is flattened, and therefore
            irrelevant). This suggests that unless one can be certain that the software that will
            evaluate one’s XPath expressions will optimize one’s query, the designer should take
            into consideration the number of nodes that will be addressed by those
            expressions.

    
    
        An XPath solution

        Since eXist was unable to optimize the queries in
            question, that duty fell on the user, who, in this case, first adopted a strategy that
            avoided the long axes, favoring instead the sibling axes at all levels
                (<word> and <line>). This
            constrains searches for <word> elements within a
                <line> element to an average of 2.64 (5.27 / 2) elements
            and searches for <line> elements within a
                <book> element to 240.5 (481.7 / 2) elements, and in the
            worst case to 5.27 and 481.7, respectively. These numbers should be multiplied by six
            for a typical query, which retrieves three preceding and three following
                <word> elements, but they still compare very favorably to
            queries along the long axes, which consult 13610.5 (27221 / 2)
                <word> elements on average and 27221 in the worst case. A
            prose explanation of the strategy for retrieving the three
                <word> elements following the target while using the
                following-sibling axis exclusively instead of the
                following axis is:

        
            	
                If there is a <word> element in the appropriate
                    position on the following-sibling axis (that is, in the same
                        <line> element), retrieve it.

            

            	
                If not, navigate up to the parent axis (a
                        <line> element), get its following-sibling
                        <line> element, and retrieve the appropriate
                        <word> child element from within that
                        <line>.

            

        

        The following XQuery snippet retrieves the three <word>
            elements that follow the target. Assume that $i refers to the target (here
            and in subsequent examples):

        if (count($i/following-sibling::word) ge 3)
then for $j in (1 to 3) return $i/following-sibling::word[$j]
else
  if (count($i/following-sibling::word) eq 2)
  then (for $j in (1 to 2) return $i/following-sibling::word[$j], 
    $i/parent::line/following-sibling::line/word[1])
  else
    if (count($i/following-sibling::word) eq 1)
    then ($i/following-sibling::word[1], for $j in (1 to 2) 
      return ($i/parent::line/following-sibling::line/word[$j]))
    else
      for $j in (1 to 3) return $i/parent::line/following-sibling::line/word[$j]

        An analogous strategy can retrieve the three <word>
            elements that immediately precede the target.

        It is possible to generalize this solution to allow the user to specify at run time
            the number of preceding or following <word> elements to
            provide as context along the following lines (assume that $scope specifies
            the number of words of context to provide after the target
                <word>):

        if (count($i/following-sibling::word) ge $scope) 
then for $j in (1 to $scope) return $i/following-sibling::word[$j]
else for $k in (0 to ($scope - 1)) return
  if (count($i/following-sibling::word) eq $k) 
  then (
    for $j in (1 to $k) return $i/following-sibling::word[$j],
    for $j in (1 to ($scope - $k)) return $i/parent::line/following-sibling::line/word[$j]
  )
  else ""

        An analogous strategy can retrieve a user-specified number of
                <word> elements that immediately precede the target. This
            generalization, however, is fragile because it looks only at the
                <line> element that contains the target
                <word> element plus the immediately preceding or
            following sibling <line> element. This means that, for
            example, if the user wants to include a context of five following
                <word> elements, the code will fail when the target
                <word> falls at the end of a
                <line> and the following (sibling)
                <line> contains only four
                <word>elements. It might be possible to circumvent this
            limitation through a recursive approach, but by that point the code would become so
            convoluted as to be difficult to understand and impractical to maintain.

    
    
        A range index solution

        In addition to the new Lucene-based full-text index
            (and the original full-text index, which is still available), eXist also supports range indexes, which provide very fast access to
            element nodes on the descendant-or-self (//) or
                child (/) axis and attribute notes on the
                attribute (/@) axis according to their typed data value.
            This suggests an alternative approach:

        
            	
                Before storing the XML source document, create an @offset
                    attribute for each <word> element and assign it a
                    unique sequential integer value. The first <word>
                    element in the document has an @offset value of 1, the
                    next has a value of 2, etc.

            

            	
                Retrieve the target <word> element by using the new
                        Lucene full-text index.

            

            	
                Retrieve the adjacent context <word> elements
                    according to their @offset attribute values by counting backward or
                    forward from the @offset value of the target
                        <word> element.

            

        

        This approach is available only where the designer has control over the XML source and
            is able to incorporate a specific @offset attribute that is to be used only
            for navigation during retrieval. It has at least two weaknesses, one aesthetic and one
            technical:

        
            	
                The aesthetic problem is that the ordinal position of each
                        <word> element within the document is an inherent
                    property of the document structure, and the user should not have to specify
                    through the insertion of character-based markup into the document a value that
                    is already encoded implicitly but consistently and unambiguously in the markup
                    structure.

            

            	
                The technical problem is that the insertion or deletion of a word in the
                    document will break the numbering, requiring that the @offset
                    values be calculated anew and rewritten. In the present case the document is
                    relatively stable (that is, more stable than, for example, an on-line commerce
                    site that writes new data for every transaction), but the editor may still
                    choose to modify her reading at some point as she reconsiders the available
                    evidence and perhaps discovers and needs to integrate the data from newly
                    discovered manuscript witnesses.

            

        

         In practice, neither of these weakness imposes a serious inconvenience in the context
            of the present project, and the opportunity to use the eXist range index feature provides a substantial improvement in response
            time over alternative strategies (see the time test data below).

        With the modification to the XML source described above, the first two lines of Book 2
            now look like:

        <book n="2">
  <line>
    <word offset="3708">Regia</word>
    <word offset="3709">tota</word>
    <word offset="3710">silet;</word>
    <word offset="3711">expirat</word>
    <word offset="3712">murmur</word>
    <word offset="3713">in</word>
    <word offset="3714">altum,</word>
  </line>            
  <line>
    <word offset="3715">cum</word>
    <word offset="3716">visu</word>
    <word offset="3717">placidos</word>
    <word offset="3718">delegat</word>
    <word offset="3719">curia</word>
    <word offset="3720">vultus,</word>
    </line>
  <!-- more lines -->
</book>

        The following code will now use a properly-configured eXist range index to retrieve the three
                <word> elements following the target
                <word> element (assume $i is the target
                <word> element):

        let $offset := $i/@offset
return
for $j in (1 to 3) return doc("/db/acl/acl.xml")//word[@offset eq ($offset + $j)]

        An analogous strategy can retrieve the three <word>
            elements that immediately precede the target. Furthermore, this solution is easily
            generalized to allow the user to specify the number of preceding or following context
                <word> elements at run time (assume that
                $scope specifies the number of words of context to provide after the
            target <word>):

        let $offset := $i/@offset
return
for $j in (1 to $scope) return doc("/db/acl/acl.xml")//word[@offset eq ($offset + $j)]

        The strategy of writing structural information about the XML (such as offset position)
            into attribute values of the XML source itself in the interest of improved execution
            time can also be applied to writing slashes to mark the ends of lines. The most natural
            XPath way to write a slash after the target <word> element
            when it ends a <line> element in the XML source is:

        if (not($i/following-sibling::word)) then " / " else ""

        A similar approach can be used to write slashes after the leading and trailing context
                <word> elements when they end a
                <line> element. This method is not maddeningly slow
            because the number of nodes on the sibling axes is typically small, but further
            improvement in processing speed is available by modifying the XML source to include the
            string " / " (without the quotation marks) as an attribute value associated
            with <word> elements that fall at the end of
                <line> elements and then retrieving it when generating
            the report, instead of consulting the sibling axis. The first two lines of Book 2 now
            look like:

        <book n="2">
  <line>
    <word offset="3708">Regia</word>
    <word offset="3709">tota</word>
    <word offset="3710">silet;</word>
    <word offset="3711">expirat</word>
    <word offset="3712">murmur</word>
    <word offset="3713">in</word>
    <word last=" / " offset="3714">altum,</word>
  </line>            
  <line>
    <word offset="3715">cum</word>
    <word offset="3716">visu</word>
    <word offset="3717">placidos</word>
    <word offset="3718">delegat</word>
    <word offset="3719">curia</word>
    <word last=" / " offset="3720">vultus,</word>
  </line>
  <!-- more lines -->
</book>

        The XQuery code to write trailing context <word> elements
            is then:

        let $offset := $i/@offset
for $j in (1 to 3) return (
  " ", 
  data(doc("/db/acl/acl.xml")//word[@offset eq ($offset + $j)]),
  data(doc("/db/acl/acl.xml")//word[@offset eq ($offset + $j)]/@last)
)

        This approach writes a space after the target <word>
            element, followed by the appropriate trailing context <word>
            element, followed by the value of the @last attribute of that
                <word> element. If there is a @last
            attribute, it has the value " / " (without the quotation marks), which is
            what we want to write. If the attribute is missing, that statement operates vacuously,
            producing no output.

    
    
        Time test results

        To test the relative efficiency of the various coding strategies described above, the
            same query was executed ten times with each of four strategies. The query was a search
            for the word sed (Latin for ‘but’), which occurs 221 times in the corpus,
            and the XQuery scripts were all written to return it along with its location (book and
            line number) and with three context words on either side. The search strategies
            were:

        
            	
                Long axes: Search for context words using the
                        preceding and following axes. Place slashes at the
                    ends of lines by checking whether each output word has a following sibling
                        <word> element in the same
                        <line>.

            

            	
                Sibling axes: Search for context words using
                    the sibling axes. If there are not enough context
                        <word> elements in the same
                        <line>, find the nearest sibling of the
                        <line> and navigate to the desired word element
                    along the child axis. Place slashes as described above.

            

            	
                @offset: Modify the XML to add
                    an @offset attribute to every <word>
                    element and find the context words by counting down or up from the
                        @offset attribute value for the target
                        <word>. Place slashes as described above.

            

            	
                @last: Same as
                        @offset, except add a @last attribute in the XML
                    to every <word> element that is the last in its
                    parent <line>, and place slashes at the ends of lines
                    by returning the value of that attribute.

            

        

        The tests were conducted on a Gateway 3GHz Pentium D with 1MG of memory, running
            Microsoft Windows Vista with Service Pack 1.0. The Java version is 1.6.0_13 and the
                eXist version is 1.3.0dev-rev:0000-20090528.

        
            Table 1
                	
                    
                        Test no.
                    

                
                	
                    
                        Long axes
                    

                
                	
                    
                        Sibling axes
                    

                
                	
                    
                        @offset
                    
                
                	
                    
                        @last
                    
                
            

            
                	
                    1
                
                	447.750
                	38.477
                	34.345
                	24.413
            

            
                	
                    2
                
                	440.265
                	38.390
                	34.446
                	24.416
            

            
                	
                    3
                
                	559.141
                	38.710
                	34.438
                	24.445
            

            
                	
                    4
                
                	905.472
                	38.484
                	35.409
                	24.384
            

            
                	
                    5
                
                	702.915
                	38.590
                	34.562
                	24.447
            

            
                	
                    6
                
                	530.739
                	38.341
                	34.798
                	24.424
            

            
                	
                    7
                
                	851.608
                	38.714
                	34.145
                	24.415
            

            
                	
                    8
                
                	473.601
                	38.496
                	34.410
                	24.395
            

            
                	
                    9
                
                	670.772
                	39.521
                	34.423
                	24.463
            

            
                	
                    10
                
                	473.601
                	38.317
                	34.429
                	24.469
            

            
                	
                    Mean
                
                	631.150
                	38.604
                	34.541
                	24.427
            

            
                	
                    Ratio 1
                
                	25.838
                	1.580
                	1.414
                	1.000
            

            
                	
                    Ratio 2
                
                	18.273
                	1.118
                	1.000
                	 
            

            
                	
                    Ratio 3
                
                	16.349
                	1.000
                	 
                	 
            

        



        Times are reported in seconds. The three ratio lines in the table set the time for one
            of the tests at a value of 1 and then calculate the amount of time the
            other implementations required in proportion to it.

        The results show that querying along the long axes took more than 16 times as much
            time as querying along the sibling axes. Using the @offset attribute value
            instead of either the long axes or the sibling axes saved an additional 11% in time, and
            using the @last attribute value as well saved an additional 41% in time
            over that. All told, the implementation that relies on the long axes took more than 25
            times as much time as the one with the greatest optimization.

    
    
        Is it XML?

        The XML version of the poem has an inherent hierarchy (the poem contains books, which
            contain lines, which contain words) and inherent order (the words occur in a particular
            order, as do the lines and books). Those inherent features are encoded naturally in the
            structure of the XML document because XML documents are obligatorily hierarchical (even
            though in some projects the hierarchy may be flat) and ordered (even though in some
            projects the user may ignore the order). The addition of @offset and
                @last attributes and the adoption of a strategy that treats the
            document as flat and never looks at the hierarchy essentially transforms the approach
            from one that is based on natural properties of XML documents to one that is based on a
            flat-file database way of thinking. That is, we could map each
                <word> element in the XML version to a record in a
            database table, the fields of which would be the textual representation of the word (a
            character string), the offset value (a unique positive integer), an indication of
            whether the word falls at the end of a line (a boolean value), and the book and line
            number (a string value, which is used in reporting). Records in a database do not have
            an inherent order, but once we rely on the value of the @offset attribute
            in the XML document, the <word> elements might as well be
            sprinkled through the document in any order, and the <line>
            and <book> elements play no role at all in the system. That
            is, except for the book and line number, the most highly optimized (and most efficient)
            implementation above adopts precisely a flat-file database approach, which raises the
            question of whether this project should have been undertaken in XML in the first
            place.

        The answer to that rhetorical question is that of course it should have been
            undertaken in XML because the order and hierarchy are meaningful. They are inherent in
            the XML structure but must be written explicitly into a corresponding database
            implementation, which indicates that this is data that wants, as it were, to be regarded
            as an ordered and hierarchical XML document. The problem is not that the data is
            inherently tabular, and therefore inherently suited to a flat-file database solution,
            but that the XML tool available to manipulate the data was not sufficiently optimized for
            the type of retrieval required.

    
    
        Conclusion

        The best solution would be, of course, an optimization within eXist that would let users write concise and legible XQuery code (using
            the long axes), which would then be executed efficiently through optimization behind the
            scenes. This type of solution would remove the need for both more complex code (along
            the lines of the sibling-axes approach described above) and modifying the XML to write
            information into the document in character form when that information is already
            inherent in the document structure. Until such a solution became available, though, the
            strategies described above provided a substantial improvement over explicit use of the
            long axes, salvaging a project that would otherwise have been unusable for reasons of
            efficiency.

    
    
        Addendum

        eXist is an open-source project, which means that
            impatient users who require an optimization not already present in the code have the
            opportunity to implement that optimization themselves and contribute it to the project.
            Unfortunately, in the present case this particular impatient user lacked the Java
            programming skills to undertake the task. Fortunately, however, the eXist development team is very responsive to feature requests
            from users, and shortly after I wrote to the developers about the problem they released
            an upgrade that implemented precisely the modification described above (consult the
            predicate first and retrieve only the nodes that will be needed from the designated
            axis). Rerunning the original code that relied on the long axes on the same machine as
            the earlier tests but using eXist version
            1.3.0dev-rev9622-20090802, which includes this new optimization, yielded times of 1.754,
            1.778, 1.765, 1.944, 1.944, 1.777, 18.949, 1.838, 1.763, and 1.798 seconds. The mean
            time for these tests was 3.531 seconds, and if we exclude the aberrant long time on the
            seventh trial (an artifact of a system process that woke up at an inconvenient moment?),
            the mean drops to 1.818 seconds. The 3.531-second figure is 14.455% of the best mean
            time (24.427 seconds) achieved with my XSLT-based optimizations and 0.559% of the mean
            time of the long-axes search (631.150 seconds) before the introduction of the eXist-internal optimization. The 1.818-second figure is
            7.443% of the best mean time (24.427 seconds) achieved with my XPath-based optimizations
            and 0.288% of the mean time of the long-axes search (631.150 seconds) before the
            introduction of the eXist-internal optimization.

        The eXist optimization works by checking the static
            return type of the predicate expression to determine whether it is a positional
            predicate. (This paragraph reproduces more or less verbatim an explanation provided by
            the eXist developers.) If the answer is yes and there
            is no context dependency, the predicate will be evaluated in advance and the result will
            be used to limit the range of the context selection (e.g.,
            following::word). For example, $i/following::word[1] would
            benefit from the optimization because the static return type of the predicate is a
            positional predicate and it entails no context dependency. On the other hand,
                $i/following::word[position() = 1] would not be optimized because it
            introduces a context dependency insofar as position() returns the position
            of the current context item and cannot be evaluated without looking at the context.
            Furthermore, determining the static type is not always easy. In particular, the type
            information is passed along local variables declared in a let or
                for, but it gets lost through function calls. My original query,
                for $j in (1 to 3) return $i/following::word[$j], works, but if
                $j were a function parameter, it would not. Additionally, support for
            this optimization with particular XPath functions is being introduced only
            incrementally, to avoid breaking existing code. For example, the developers’ initial
            attempt at an optimization failed with the reverse() function that I used
            to retrieve the three preceding words in the correct order, although support for this
            function was added later to the optimization.

        The unsurprising technical conclusion, then, is that, at least in the present case,
            optimization of the XPath code by the user to reduce the scope of a query can achieve
            substantial improvement, but much more impressive results are obtained by optimizing the
            Java code underlying the XPath interpreter. What this experiment also reveals, though,
            is that, at least in the present case, the user was not reduced to waiting helplessly
            for a resolution by the developers, and was able to achieve meaningful improvement in
            those areas that he did control, viz., the XML, XPath, and XQuery.

        In his concluding statement at the Balisage 2009 pre-conference Symposium on
            Processing XML Efficiently, Michael Kay invoked David Wheeler’s advice that application
            developers optimize the code that users actually write, that is, that they find out what
            people are doing and make that go quickly. From an end-user perspective, though, the
            lesson can be reversed: Find out what goes quickly and use it.
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            Abstract
One of the most evident tenets of the literature on overlapping markup is that the
                philosophy of documents as trees (as dictated by meta-markup languages such as SGML
                and XML) is a simplification that sometimes fails and requires corrections. These
                corrections have been proposed at the markup level (e.g., milestones, segmentation),
                at the meta-markup level (e.g., LMNL, TexMecs, XCONCUR, etc.) or at level of the
                abstract model (e.g., GODDAG). Unfortunately full GODDAGs do not allow
                linearizations in general, and as such a restricted version of GODDAG, r-GODDAG, has
                been proposed that is guaranteed to be linearizable (in TexMecs) and still allows
                many nice features beyond trees.

            In this paper we discuss that the problem of linearizing more-than-hierarchical
                structures lies basically in the embedding of markup within content and that no such
                problem arises with an appropriate standoff approach, that is able to represent full
                GODDAGs without restrictions. This gives ample opportunities to deal with
                interesting markup features that are describable with GODDAGs but not with
                r-GODDAGs, such as non-contiguous elements and virtual elements.

            Besides, we discuss whether a specific constraint of full GODDAGs is really
                necessary once all residual hopes of embeddability are given up, and we further
                propose a minimal extension to GODDAG, genially called "extended GODDAG" (e-GODDAG)
                that, by removing the requirement for names in non-terminal nodes, adds support for
                additional interesting markup features such as content repetitions. In truth,
                e-GODDAGs are even less embeddable than full GODDAGs, but they are just as easily
                dealt with by using stand-off markup.

            We further propose a meta-syntax for non-embedded markup, called EARMARK, that can
                be used for stand-off annotations of textual content, and that naturally represents
                e-GODDAGs with fully W3C-compliant technologies. EARMARK is based on an
                ontologically precise definition of markup that instantiates the markup of a text
                document as an OWL document, and through appropriate OWL and SWRL characterizations
                it can define structures such as trees, r-GODDAGs, full GODDAGs and e-GODDAGs, and
                can be used to generate validity constraints (including co-constraints), and to
                verify adherence to content model patterns.

            As mentioned, in general the embedding of a full EARMARK document is not straightforward,
                but approaches can be taken in that direction: just like segmentation and
                fragmentation are strategies to embed in a strictly-hierarchical language a
                r-GODDAG-specific feature such as overlapping elements, similarly a number of
                strategies exist to provide embedding of GODDAG and e-GODDAG features in less
                expressive syntaxes. In the final part of the paper we discuss our wish to provide
                at the metalanguage level a series of embedding strategies of the non-hierarchical
                features of EARMARK, i.e. a number of language-independent mechanisms to express
                e-GODDAGs structures into XML (as well as in TexMecs and in LMNL) and that can be
                recognized as such (i.e., as strategies, as tricks) by tools and readers alike,
                especially for further uses of such documents.
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        Introduction

        Not everybody working with markup languages needs support for overlaps and multiple
            hierarchies. But those that need it, usually need it badly. So badly, in fact, that a
            robust slice of markup literature is devoted to it, specialized scientific events have
            taken place, and a number of extremely varied approaches have been proposed in the last
            years for this issue. 

        Some of these approaches were proposed at the language level: many XML languages (TEI
                bib-1 being the most evident) took the decision to add specific
            language-dependent markup structures devoted to supporting overlapping. Some of such
            solutions, such as milestones and fragmentation, are so general and widely applicable
            that have been proposed even outside of the specificity of just one markup language
            (e.g., see bib-20), as architectural forms available in general in
            XML languages. Further approaches have been to create new meta-markup languages,
            inspired by but independent from XML such as TexMecs, LMNL, XCONCUR, that provide at the
            metalanguage itself support for more than a single hierarchy. This makes it possible for
            any language defined within the syntax to make use of the features for overlaps, without
            the need for further special tools to make sense of the annotations. 

        At the conceptual level, what has shown its limits is the idea of forcing tree-like
            structures over documents. While some may be fully described by trees, some just are not,
            and we need more powerful abstract data structures to describe them. GODDAGs bib-5 have been proposed exactly for this purpose: direct acyclic
            ddgraphs with ordered children relax exactly the kind of constraints of trees that were
            in the way for sophisticated markup features such as overlap. Unfortunately, generalized
            GODDAGs do not allow an immediate linearization in form of an XML-like syntax (even if
            extended in some way), but a variant, restricted GODDAGs (bib-5 and
            then bib-23), does allow a linearization in TexMECS. In general,
            though, the linearization of full generalized GODDAGs does not allow to keep all information
            expressed in the original graph. Many additional useful features of
            GODDAGs (e.g., virtual elements) can only be converted in XML structures by recurring to 
            procedural tricks. 

        In this paper we discuss whether the problem of generalized GODDAGs lies in the
            embedding nature of meta-markup languages such as XML, TexMecs and LMNL, and whether by
            getting rid of embeddability altogether we can exploit the full potentiality of GODDAGs.
            Furthermore, we propose a minimal extension to GODDAGs to provide full support of
            repeated content in GODDAGs (currently only allowed if appearing in different
            substructures), thereby generalizing the idea of repeatability of markup structures. 

        Additionally, in this paper we propose a meta language for GODDAGs and extended
            GODDAGs that relies 100% on well-known and widely available W3C technologies: EARMARK
                (Extreme Annotational RDF Markup) is a language for
            standoff annotations over documents that is based on an OWL ontology and uses RDF
            annotations as its linearization approach. EARMARK annotations are facts expressed about
            OWL classes such as ranges and markup elements whose properties are fully and explicitly
            described in the OWL ontology itself, and minimally depend on syntactic constraint that
            are inherent of embedded languages. Thus all standard hierarchy assertions as usually
            expressed in XML are available in EARMARK, but the language also supports overlapping
            structures, virtual elements, anonymous elements and structured attributes, that are
            available with more sophisticated non-XML languages such as TexMECS or LMNL, as well as
            unsupported features such as repeated structures, content variants and partially
            overlapping multiple hierarchies[1] etc. are trivially expressed in EARMARK, and contribute to generate a
            language that is suited to fully support generalized GODDAGs and extended GODDAGs. 

        EARMARK documents are therefore OWL documents that can be expressed as RDF assertions,
            and using plain and standard W3C technologies a number of Semantic Web tools can be used
            for generating, converting, querying and displaying EARMARK documents. Particularly
            relevant here is the process of embedding EARMARK documents in traditional embedded
            languages, such as XML or TexMecs. Of course, not all EARMARK assertions can be directly
            transformed into XML markup structures. The specific subset of the EARMARK document that
            can be expressed in the destination syntax (e.g., any of the possible tree substructures
            for XML, or of the r-GODDAG substructures for TexMecs) can be directly generated, and
            the remaining ones need to be either left out or forcedly embedded using any of a number
            of well-known or newly-introduced syntactic tricks (up to, of course, leaving part of
            the EARMARK markup directly as RDF fragments within the destination document). 

        Providing a recognizable and repeatable two-way process for generating EARMARK
            documents out of embedded documents, and vice versa for generating embedded documents
            out of EARMARK document with embedding tricks represents also a chance to collect and
            generalize all such embedding tricks, and providing an additional conversion model
            between different syntaxes. All in all, we propose EARMARK as the most natural
            syntactical rendering of GODDAGs (and e-GODDAGs, of course) and as the intermediate
            representation of any conversion path for documents, XML or otherwise, that use
            overlapping features of any form, i.e., as a generalization of the conversion algorithms
            for overlapping structures proposed in bib-7. 

    
    
        Embedding multiple hierarchies

        There comes a time, in marking up documents, where different types of annotations need
            to be placed upon the same content, and different markup needs to be used. Sometimes
            these different annotations nest easily, and sometimes they do not. Trying to express
            these different annotations using a hierarchical metamarkup language such as XML is,
                per se, unfeasible: each structure needs to be
            described by its own hierarchy, and the overlapping situations pose a big problem,
            since, as we know, XML is not naturally equipped to deal with them. 

        Some approaches to deal with overlapping structures in markup languages were proposed
            in past years. Each approach tries mediating between the support for overlapping and the
            hierarchical organization of XML documents, as illustrated in bib-20,
            as well as in bib-1, bib-8 and bib-7. The five main overlap-handling techniques described in
            literature can be summarized in the following:

        
            	
                
                    milestones, through which one hierarchy is
                    expressed using the standard hierarchical XML markup and the elements belonging
                    to the other ones are represented through a pair of empty elements representing the
                    start and the end tags, and connected to each other by special
                    attributes.

            

            	
                
                    flat milestones, that represents each of the
                    hierarchy elements as a milestone, i.e., an empty element placed where the start
                    or the end tag should be, all of them contained as children of the same root
                    element.

            

            	
                
                    fragmentation, in which one hierarchy (the
                    primary) is expressed though the standard hierarchical XML markup, and the
                    elements of the secondary hierarchies are fragmented within the primary elements
                    as needed to suit the primary hierarchy and are connected to each other by
                    special attributes.

            

            	
                
                    twin documents, in which each hierarchy is
                    represented by a different document, which contains the same textual
                    content but marks up the elements according to the individual hierarchy.

            

            	
                
                    stand-off markup, which puts all the textual
                    content in a single structure with the possible specification of the shared
                    hierarchy, and puts the remaining elements in other structures (e.g., files) with the
                    positional association of each starting and ending location to the main
                    structure, using, for instance, XPointer bib-9 locations.
                

            

        

        A separate approach is to give up the XML requirements of a single hierarchy, and
            try new approaches where multiple hierarchies can be specified in the same text flow.
            The data structure itself, of course, is not a tree anymore, and needs to become
            something more general. The General Ordered-Descendant Directed
                Acyclic Graph
            bib-5, or GODDAG, is the most
            relevant data structure that has been used to specify complex markup hierarchies, such
            as overlapping between elements and fragmentation.

        Although GODDAG is not able to handle directly other features such as anonymous
            elements and structured attributes, yet another different non-XML approach for these and
            other well-known overlapping scenarios is given by Layered Markup
                anNotation Language
            bib-6, or LMNL. Contrarily to
            GODDAG, that expresses the many hierarchies with a graph, LMNL uses a XML-like syntax
            where named or anonymous elements can overlap with other ones in one or more element
                layers.

        A similar approach is used by XConcur bib-24. An XConcur document
            is made of multiple layers coexisting in the same multi-root structure, written in a
            XML-like syntax: each layer represents an independent hierarchy that can be extracted as
            a single unit and validated against a DTD, XML-Schema or RelaxNG schema. Relationships
            and constraints between multiple hierarchies are ruled by a related constraint language
            called XConcur-CL. XConcur documents end up being very complex and few tools to
            manipulate them are available.

    
    
        Could singing songs be such a big deal?

        To illustrate some of the difficulties in handling complex structures, let us examine
            a fictitious karaoke application in which lyrics are displayed on a screen in sync with
            a recording of the instrumental parts of the corresponding song; in order to make the
            example even more interesting, let us consider the situation whereby, beside the
            screenfuls of lyrics, the application would also show the chords of the song for any
            additional instrument playing along, and a few fun facts popups here and there to keep
            the attention of the readers. 

        We will use as an example for our discussion the song "And I love her" by the Beatles,
            one of the most famous and sung songs of the history of modern music. The lyrics of the original
            version appear in Table 1.

        
            Table 1Lyrics and structure of “And I love
                    her” by The Beatles


                
                    	
                        Title

                    
                    	
                        And I love her

                    
                

                
                    	
                        1

                    
                    	
                        I give her all my love / That's all I do / And if you saw my love /
                            You'd love her too

                    
                

                
                    	
                        Chorus

                    
                    	
                        I love her

                    
                

                
                    	
                        2

                    
                    	
                        She gives me ev'rything / And tenderly / The kiss my lover brings /
                            She brings to me

                    
                

                
                    	
                        Chorus

                    
                    	
                        And I love her

                    
                

                
                    	
                        3

                    
                    	
                        A love like ours / Could never die / As long as I / Have you near
                            me

                    
                

                
                    	
                        4

                    
                    	
                        Bright are the stars that shine / Dark is the sky / I know this love
                            of mine / Will never die

                    
                

                
                    	
                        Chorus

                    
                    	
                        And I love her

                    
                

                
                    	
                        4

                    
                    	
                        Bright are the stars that shine / Dark is the sky / I know this love
                            of mine / Will never die

                    
                

                
                    	
                        Chorus

                    
                    	
                        And I love her

                    
                

            
        



        The first difficulty for our karaoke application is to handle more than one structure
            at the same time. We may be interesting in building multiple structures over the same
            content:

        
            	
                the lyrics organized in stanzas and verses

            

            	
                the notation for the time-driven excerpts of lyrics as shown on screen during
                    the playback

            

            	
                additional time-driven visualization of the chords, with different time
                    intervals

            

            	
                the (either time-driven or content-driven) visualization of pop-ups with fun
                    fact sentences

            

        

        Furthermore, we may need to deal with small difference in lyrics if the gender of the
            loved one is female, as in Beatles' original (“and I love her”) or male, as in several
            covers (“and I love him”).

        
            Dark is the overlapping sky

            Let us concentrate on a single stanza of the song, the fourth, and its
                refrain:

            Bright are the stars that shine / Dark is the sky / I know this love of mine / Will never die / And I love her

             The first hierarchy represents the lyrics. We may employ an XHTML vocabulary, using the
                class attribute for characterizing containers (e.g. “stanza” and “refrain”),
                obtaining a clear and straightforward structure.

            <body>
    <div class="stanza" title="4">
        <p>Bright are the stars that shine</p>
        <p>Dark is the sky</p>
        <p>I know this love of mine</p>
        <p>Will never die</p>
    </div>
    <div class="refrain">
        <p>And I love her</p>
    </div>
</body>

             The harmony of the song uses two chords, Em and Bm, for each of the first three
                lines, then moving to the bridge G for the last line and then the refrain in A and
                D. The A chord starts while the melody is still singing the second part of the last
                line of the stanza. A possible, trivial hierarchy for chords would then be: 

            <chords>
    <Em>Bright are the</Em>
    <Bm>stars that shine</Bm>
    <Em>Dark is the</Em>
    <Bm>sky</Bm>
    <Em>I know this</Em>
    <Bm>love of mine</Bm>
    <G>Will never</G>
    <A>die And I</A>
    <D>love her</D>
</chords>

             We have a different issue with the timings for the lyrics. We want each line to
                appear exactly when the music calls for it to be sung, but at the same time we want that the next
                line is shown, too, so that the singer gets ready to sing it aftwerward. Thus each line
                has to appear twice in each screenful, as in the following XML fragment: 

            <timing>
    <screenful starts=”68”>
        <main>Bright are the stars that shine</main>
        <next>Dark is the sky</next>
    </screenful>
    <screenful starts=”72”>
        <main>Dark is the sky</main>
        <next>I know this love of mine</next>
    </screenful>
    <screenful starts=”76”>
        <main>I know this love of mine</main>
        <next>Will never die</next>
    </screenful>
    <screenful starts=”80”>
        <main>Will never die</main>
        <next>And I love her</next> 
    </screenful>
    <screenful starts=”84”>
        <main>And I love her</main>
    </screenful>
</timing>

             Only this is not nice: each line appears twice in the screen, and therefore twice
                in the XML document, and forcing them to appear only once in the XML structure would
                either require overlapping, or forcing some structural semantics into procedural
                attributes, that would imply implementing ad hoc visualization tools, as in: 

                   <p main=”68”>Bright are the stars that shine</p>
       <p main=”72” next=”68”>Dark is the sky</p>
       <p main=”76” next=”72”>I know this love of mine</p>
       <p main=”80” next=”76”>Will never die</p>
       <p main=”84” next=”80”>And I love her</p>

             We do not like this approach and will not consider it further. Yet the
                multiplicity of the lines is worrisome, as it creates a redundancy that has to be
                carefully considered. 

            As for the pop-ups, we want to show some additional text exactly at the right time
                – i.e. when the song gets to the precise point of the lyrics associated to these
                paragraphs. It is not even given that pop-ups are aligned with whole lines, indeed
                it could very well happen that the association transcends line boundaries, as in the
                following: 

            <funfacts>
 <popup>
  <lyrics>this love of mine Will never die</lyrics>
  <fact>
   <p>Paul McCartney wrote this about his girlfriend, 
      an actress named Jane Asher.</p>
  </fact>
 </popup>
</funfacts>

             As we have seen, each of these structures, taken individually, is a single
                hierarchy and could be easily managed with a traditional XML document. There is a
                final issue related to text variants: depending on the preferences of the singer, we
                may want to decline the lyrics in the masculine or feminine gender. As such, we end
                up with two variants of the refrain, and no syntactically evident way to point out
                which variant to show and which to ignore in each given run of the application: 

                <div class="refrain">
        <p>And I love <span class=”feminine” >her</span>
                      <span class=”masculine”>him</span></p>
    </div>

             This is not declarative at all: it is the application's job to know that when the
                feminine version is chosen, elements of class feminine are present (i.e., shown) and
                elements of class masculine are absent (i.e., hidden), and vice-versa: the class
                attribute suddenly impacts not only on the presentation of the lines, but on their
                presence and content, too.

            Finally, the issue of repetitions has a further and subtler issue, that impacts on
                the difference between the content of a document and its structured content. 

            In the Beatles' song there are some repetitions of quite large structures, such as
                the refrain and the fourth stanza. It could be considered a pointless exercise in
                futility to decide whether the refrains of a song are to be considered as one
                instance of content to be repeated as needed after each stanza, or many different
                instances whose content happens to be identical. Yet, the praxis of transcription of
                song lyrics is usually to qualify the refrain lyrics as such the first time they are
                sung, and then refer back to them all other times without actually repeating the
                content, and as such we will treat them in our example. Yet the refrains are
                necessary handled, in an XML document, by repeating the entire structure,
                duplicating the markup code and the text. We could introduce it the first time
                    only[2], and refer to it in some way the other times – for example, through an
                “href” attribute – in the other parts of the lyrics. Similarly we could handle the
                repetition of the fourth stanza, i.e., as follows:

            <body>
    <h1>And I love her</h1>
    <div id=”first” class="stanza" title="1">[...]</div>
    <div id=”refrain” class="refrain">
				<p>And I love her</p>
				</div>
    <div id=”second” class="stanza" title="2">[...]</div>
    <div href=”#refrain” />
    <div id=”third” class="stanza" title="3">[...]</div>
    <div id=”fourth” class="stanza" title="4">[...]</div>
    <div href=”#refrain” />
    <div href=”#fourth” />
    <div href=”#refrain” />
</body>

             Unfortunately, we believe again that this approach is not declarative enough: it
                is the application's job to understand that the last three div elements are not
                empty, but refer to the previous-declared elements and repeat their content.

             XML entity references could be used to express repetitions too: content can be
                declared as an entity to be resolved when users view the document. From a merely
                presentation perspective, such an approach would be enough as all the repeated
                content is retrieved and merged into the final XML file. On the other hand,
                processing entities in a more sophisticated way still require entangled and
                application-dependant operations. For instance, it is rather complex to add metadata
                about entities, to extract information about that content, to process those
                fragments via XSLT or to validate entity fragments.

            Joining the above mentioned different hierarchies in a single document and dealing
                with the issues mentioned so far presents issues that are not manageable
                with the plain XML armamentarium, and requires special approaches: 

            
                	
                    the timing of the A chord overlaps two lines of the lyrics;

                

                	
                    the timed display of the lyrics requires each line to be shown multiple
                        times;

                

                	
                    the popups introduce additional text content to the document, and do so
                        independently of the stanza and line structure of the lyrics;

                

                	
                    text variants require elements that exist or do not exist depending on
                        context;

                

                	
                    repetitions require that content is specified once, and referred to many
                        times. 

                

            

            Some of these structural issues can be handled by standard overlapping approaches,
                and other can be dealt with by introducing ad hoc, non-declarative markup that is
                procedurally interpreted by specialized tools. But it is at the level of the data
                structure model that we prefer to study the problem. 

        
        
            Restricted GODDAG

            Handling overlapping elements requires a more expressive data structure than
                trees, such as directed graphs. Restricted GODDAG
                (bib-5 and bib-23) are able to deal with the
                lyrics/chord overlap, as shown in Figure 1.

            [image: The rGODDAG structure to handle lyrics and chords overlapping. The red dashed line represents, here and in the following figures, the document order.]
                    
                    
Figure 1.The rGODDAG structure to handle lyrics and chords overlapping. The red
                            dashed line represents, here and in the following figures, the document
                            order. 


            Restricted GODDAGS gives strong support for overlapping structures and guarantees
                their full linearizability into TexMECS documents bib-18.

            Restricted GODDAGs, on the other hand, will not help us with the management of
                popups. Restricted GODDAGS have some strong constraints that prevent this:

            
                	
                    each r-GODDAG node dominates a contiguous sequence of leaf nodes (i.e.,
                        nodes that contain text);

                

                	
                    no two r-GODDAG nodes that are not connected by a dominance relation,
                        dominate the same subsequence of leaf nodes.

                

            

            For our popups, these constraints appear quite strong, and particularly the first
                one. Basically, the requirement of contiguity prevents two hierarchies to overlap on
                some leaf nodes whenever the content of other leaf nodes is different. 

            In our example, inserting in the same document both the lyrics
                structure and the one related to the popups implies breaking the contiguousness of
                one of the two hierarchies, because there is always a node that breaks the constraint.

            Consider the situation in which a popup is associated to the string “this love of
                mine Will never die”. If the content of the fun fact is put at the end of the
                lyrics, as shown in Figure 2, the elements “funfacts” and
                “fact” both dominate non-contiguous leaf nodes, as “this love of mine” is
                non-contiguous with “Paul McCartney...”, thus breaking the constraint.

            [image: The first tentative to make an r-GODDAG for describing both lyrics and fun fact.]
                    
                    
Figure 2.The first tentative to make an r-GODDAG for describing both lyrics and
                            fun fact.


            If, on the other hand, the content of the fun fact is put before or after the
                lines it refers to (Figure 3), the element “body” will
                dominate non-contiguous leaf nodes (two of them will be interrupted by the “Paul
                McCartney...” node that does not belong to that hierarchy) and therefore violate the
                constraint.

            [image: The second tentative to make an r-GODDAG for describing both lyrics and fun facts.]
                    
                    
Figure 3.The second tentative to make an r-GODDAG for describing both lyrics
                            and fun facts.


            So, even if a restricted GODDAG is a more expressive data structure than a tree,
                it is still not sufficient to handle complex scenarios such as the ones described.
                The overall point of the contiguity constraint is to allow for embedding markup
                within text; thus r-GODDAG structures are indeed representable with milestones or
                fragmentation in XML, or with TexMECS documents, but more complex structures are
                still unavailable, such as those involving non-contiguous leaf nodes.

        
        
            A more general data structure: the GODDAG

            If we give up the feature of embedding, we already have a data structure for
                handling complex overlapping scenarios: the full GODDAG, which does not require the
                two constraints mentioned above: it does not require leaf nodes to follow document order, 
                and it does not require that any two different nodes dominate
                different sets of leaf nodes.

            Without these restrictions, we can describe all four hierarchies in a GODDAG, as
                shown in Figure 4. The obvious disadvantage of this data structure
                is that embedding everything in a linear structure such as an XML
                document implies either losing some information or recurring to procedural tricks that
                would subject the structural meaning of the document to specific tools.

            [image: A GODDAG for the four hierarchies defined for the song. Document order is not shown since where it is not obvious (e.g., in the lyrics lines it is completely arbitrary).]
                    
                    
Figure 4.A GODDAG for the four hierarchies defined for the song. Document order
                            is not shown since where it is not obvious (e.g., in the lyrics lines
                            it is completely arbitrary).


            In Figure 4 the full GODDAG structure of the three data hierarchies is
                shown: lyrics (in blue), the time in which the lyrics are shown (in yellow), the
                chords (in violet) and the fun facts popups (in green). Non-bordered nodes are
                content, bordered nodes represent markup: rectangles are XML elements, and
                rounded rectangles are XML attributes.

            Moreover, through GODDAG we can handle cases of textual variants and some simple
                cases of repetitions (for instance, specifying the presence of the class attribute
                in multiple div elements, and even  specifying that the refrain text appears in
                multiple places, but is really only defined once). 

            GODDAG can also be employed for textual variants: as shown in Figure 5, since the refrain uses “her” if the lyrics are
                feminine and “him” otherwise, we actually generate two different and almost
                identical lyrics hierarchies that point to the text in different manners depending
                on the chosen gender. 

            [image: A GODDAG with repetitions and textual variants depending on the gender of the lyrics.]
                    
                    
Figure 5.A GODDAG with repetitions and textual variants depending on the gender
                            of the lyrics.


            Clearly, the best thing we can do for linearizing all these kinds of structures
                presented in this section is to use stand-off markup or twin documents techniques in
                order to embed all the elements in a rationally unique document. Expressing all 
                information in a single XML tree requires some procedural tricks: elements 
                with procedural values, for instance, are an acceptable
                trade-off between the structure and the relative document representation.

        
        
            Beyond GODDAG: extensions for repeatability

            Even if the GODDAG is able to handle perfectly all the above-mentioned scenarios,
                there are more things that are interesting to represent, such as a different type of
                repetition. The screenful of lines of the karaoke example is interesting in that
                sense. 

            [image: This graph describes the structure of “And I Love Her” avoiding the explicit repetitions (refrain and fourth stanza).]
                    
                    
Figure 6.This graph describes the structure of “And I Love Her” avoiding the
                            explicit repetitions (refrain and fourth stanza).


            In Figure 6 we show a plausible graph for describing the
                entire structure of “And I Love Her” that avoids the explicit repetitions of the
                refrain and the fourth stanza. Note that the body element has many arcs going to the
                div of the refrain, and two going to the div of the fourth stanza, and that we had
                to specify the order of the arcs themselves.

            Unfortunately, GODDAGs do not support this kind of repetitions. In fact, for any
                non-terminal node n, the sets of arcs from
                    n is ordered and, if two arcs n→a and n→b exist and if 
                a
                is equal to b, then n→a and n→b are the same arc. 
                This prevents us from creating
                multiple arcs from body to the refrain divs, which is exactly what we are trying to
                do.

            In order to avoid this constraint, we need to extend the definition of GODDAGs. In
                particular, we believe that we can solve our problem by simply relaxing the rule
                that requires non-terminal nodes in GODDAGs to have a general identifier (a label)
                associated to them. We call anonymous all
                non-terminal nodes that do not have such general identifier and we refer to this new
                GODDAG as extended GODDAG (or e-GODDAG). Anonymous e-GODDAG nodes allow the definition of
                anonymous elements a la LMNL bib-6, and at the same time provide the necessary infrastructure for our repeating
                refrains.

            Through e-GODDAG, in fact, we are now able to allow the previous repetitions: we
                have to add as many anonymous nodes as needed for any repetition we need. Since
                anonymous nodes do not introduce markup or content, they can be used to disambiguate
                multiple arcs going from and to the same nodes: each repeated arc from body to div is therefore
                interrupted by a different intermediate anonymous node[3]. 

        
    
    
        EARMARKing cats and docs

        The problems described in the previous section derive mostly from the very act of
            embedding annotations: multiple overlapping annotations, especially when referring to
            the same text multiple times and reordering the document order, do not naturally fit in
            a linear structure of an XML document, and analogously there is no natural position for
            embedding annotations to the whole document.

        The opposite approach – full externalization of annotations a
                la RDF – does not satisfy our requirements, for different motivations.
            RDF annotations do not change the annotated resource in any way, but refer to it via
            URIs. The problem we face in this case is that there exists no URI referring to a
            fragment of text that is not wrapped within an XML or XHTML element provided with an ID.
            And since XHTML or XML elements need to follow a nice, hierarchical,
            document-order-compatible structure, we are back to the beginning with the problem of
            overlapping hierarchies that play with multiplicities and reshuffling of the document
            order.

        An approach has been recently proposed in bib-3 in order to try to
            offer a way to identify precise document locations, called pointers, through different means (character positions, string indexing,
            etc.) and languages (XPath bib-12, XPointer bib-9,
            etc.). Unfortunately some languages mentioned, such as XPointer, were never standardized
            by the W3C and there is no sign that they will ever be in the foreseeable future.
            Furthermore, from the RDF point of view all URIs are opaque strings referring to
            different resources, and as such it would be difficult to create ontologies and make
            inferences that differentiate assertions on text fragments from assertions on elements
            or other structures, the required infrastructure to verify overlapping or
            superimposition of assertions.

        There is another (less important) consideration that comes down against a fully
            externalized approach: the fact that assertions are disjoint from the original document
            and require a more articulated process for storing and transfer (this is known as the 
            so-called fragility of standoff markup). Consider the case of
            textual variations in our karaoke example: it would be useful to handle all variations
            (and any other overlapping hierarchy) within a unique document, easier to move and
            manipulate. The variant graph approach, introduced in
                bib-2, goes in that direction and allows users to express these
            differences and to extract multiple text linearizations, depending on the particular
            context.

        Our approach takes inspiration from this work and from the GODDAG-related theories.
            The goal is to introduce a new syntactic approach for overlapping markup that combines
            advantages of embedded and external annotations into a unified framework. In this
            section we define an ontology-based model for expressing such complex overlapping
            structures, similar but more general of existing research efforts such as bib-4 and bib-11.
        

        A very central point of our proposal is the reliance on Semantic Web
            technologies. The reason is that we want to create tools that can exploit existing
            modules, that can be integrated with other applications and that can be extended by
            other researchers too.

        As expected, RDF and OWL are the candidates for our proposal. Actually, we propose an
            intermediate language built on the top of RDF and OWL data model, that can be
            straightforwardly translated into these standards. We called this language EARMARK (Extreme Annotational RDF
                Markup). EARMARK allows us to build e-GODDAG-equivalent data structures
            that encode all the aforementioned scenarios. High-level data structures can be then
            instantiated into W3C standard documents, easy to integrate in legacy tools and
            environments.

        Basically, EARMARK allows us create assertions on text fragments by using an
            intermediate ontology that subsumes the XPointer schemas in a manageable way and builds
            from there the concepts of markup structures and generic identifiers useful for the
            specification of elements and attributes.

        
            General model

            This section describes the model behind EARMARK, Extreme
                    Annotational RDF Markup. The model itself is defined through an OWL
                document specifying classes and relationships. Through these classes we can produce
                EARMARK documents with assertions about individuals.

            We introduce four concepts: docuverses, locations, ranges and
                    markup items. Each of them is represented in
                EARMARK with a different (and disjoint) OWL class. The following code snippets are
                written using Turtle bib-13
                [4].

            The textual content of a EARMARK document is conceptually separated from the
                annotations, and is referred to by means of assertions on the specific class called
                “Docuverse”. This class (and its name) is based on the concept introduced by Ted
                Nelson in his Xanadu Project bib-14 to refer to the collection of
                text fragments that can be interconnected to each other and transcluded into new
                documents. 

            The individuals of this class represent the object of discourse, i.e. all the text
                containers related to a particular EARMARK document.

            :Docuverse
      a       owl:Class ;
      rdfs:subClassOf owl:Thing .

:has-text
      a       owl:FunctionalProperty , owl:DatatypeProperty ;
      rdfs:domain :Docuverse ;
      rdfs:range xsd:string .

:has-uri
      a       owl:FunctionalProperty , owl:DatatypeProperty ;
      rdfs:domain :Docuverse ;
      rdfs:range xsd:anyURI .

             Any individual of the Docuverse class – commonly
                called a docuverse (lowercase to distinguish it
                from the class) – might contain or refer to the text fragments representing the actual
                content of the document. That is expressed through two properties: has-uri if the content is stored at a particular URI and
                    has-text if the content lies in the document
                itself.

            A location is the expression of a position in a
                particular docuverse. It is an instance of the class
                    “Location”. The property at defines a precise point in the docuverse, while the property
                    refers-to indicates the docuverse the location
                refers to.

            :Location
      a       owl:Class ;
      rdfs:subClassOf owl:Thing .

:refers-to
      a       owl:FunctionalProperty , owl:ObjectProperty ;
      rdfs:domain :Location ;
      rdfs:range :Docuverse .

:at   a       owl:FunctionalProperty , owl:DatatypeProperty ;
      rdfs:domain :Location ;
      rdfs:range xsd:string .

             The value for the property at is a string. The
                overall ontology is then independent from the actual addressing mechanism. In fact,
                we expect several syntaxes to be used there, including XPointers.

            We then define the class “Range” for any text
                lying between two locations:

            :Range
      a       owl:Class ;
      rdfs:subClassOf owl:Thing .

:begins
      a       owl:FunctionalProperty , owl:ObjectProperty ;
      rdfs:domain :Range ;
      rdfs:range :Location .

:ends
      a       owl:FunctionalProperty , owl:ObjectProperty ;
      rdfs:domain :Range ;
      rdfs:range :Location .

             A range, i.e, an individual of the class Range, is defined by a starting and an
                ending location through the properties begins and
                    ends respectively. These locations must refer
                to the same docuverse. Since this restriction cannot be directly expressed in OWL,
                we add the following SWRL bib-15 rules to enforce that
                    constraint[5]:

            Equation (a)
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            Equation (b)
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            There is no restriction on locations used for the
                begins and ends
                properties. That is very useful: it allows us to define ranges that “follow”
                or “reverse” the text order of the docuverse they refer to. For instance, the string
                “desserts” can be considered both in document order, with the begins location lower than the ends
                location or in the opposite one, forming “stressed”
                    [6]
                . Thus, the properties “begins” and “ends” define the way a range must be
                read.

            The class “MarkupItem” is the superclass defining
                artefacts to be interpreted as markup (such as elements and attributes).

            :MarkupItem
      a       owl:Class ;
      rdfs:subClassOf owl:Thing .

:has-general-identifier
      a       owl:FunctionalProperty , owl:DatatypeProperty ;
      rdfs:domain :MarkupItem ;
      rdfs:range xsd:string .

             A markupitem individual is a sequence (rdf:Bag
                or rdf:Seq) of individuals belonging to the classes MarkupItem and Range. Is it then
                possible to define elements containing nested elements or text, or attributes
                containing values, as well as overlapped and complex structures.

            A markupitem might have a name, specified in the property “has-general-identifier” (recalling the SGML term to refer to the
                name of elements bib-16). Note that we can classify markup items
                as anonymous – as possible in LMNLbib-6 and e-GODDAG – by simply not asserting a general identifier
                for the items. 

            All the concepts represented by an EARMARK document are expressed using these four
                disjoint classes and their relative properties:

            []    a       owl:AllDisjointClasses ;
      owl:members (:Docuverse :Location :MarkupItem :Range) .

        
        
             Detailed model

            The model discussed so far gives us a general picture of the EARMARK framework
                and, as expected, is not enough to describe all the scenarios we are interested in.
                We then need to refine our model. Such a refinement is actually a specialization of
                three classes – all except “Range” – in subclasses that apply specific
                restrictions.

            First of all, the class Docuverse is specified into a “StringDocuverse” (the
                content is specified as value of has-text and no
                value is associated to has-uri) or an
                “URIDocuverse” (the actual content is located at the URL specified in has-uri and no value is given to has-text).

            :StringDocuverse
      a       owl:Class ;
      rdfs:subClassOf :Docuverse ;
      owl:equivalentClass
              [ a       owl:Class ;
                owl:intersectionOf (:Docuverse [ a       owl:Restriction ;
                            owl:cardinality "1"^^xsd:nonNegativeInteger ;
                            owl:onProperty :has-text
                          ] [ a       owl:Restriction ;
                            owl:cardinality "0"^^xsd:nonNegativeInteger ;
                            owl:onProperty :has-uri
                          ])
              ] .

:URIDocuverse
      a       owl:Class ;
      rdfs:subClassOf :Docuverse ;
      owl:equivalentClass
              [ a       owl:Class ;
                owl:intersectionOf (:Docuverse [ a       owl:Restriction ;
                            owl:cardinality "0"^^xsd:nonNegativeInteger ;
                            owl:onProperty :has-text
                          ] [ a       owl:Restriction ;
                            owl:cardinality "1"^^xsd:nonNegativeInteger ;
                            owl:onProperty :has-uri
                          ])
              ] .

[]    a       owl:AllDisjointClasses ;
      owl:members (:StringDocuverse :URIDocuverse) .

             Depending on particular scenarios or on the kind of docuverse we are dealing with
                – it could be plain-text, XML, LaTeX, a picture, etc. – we need to be able to use
                different kinds of locations. Therefore, the class “Location” has at least three
                different disjoint subclasses:

            :CharNumberLocation
      a       owl:Class ;
      rdfs:subClassOf :Location .

:XPathLocation
      a       owl:Class ;
      rdfs:subClassOf :Location .

:XPointerLocation
      a       owl:Class ;
      rdfs:subClassOf :Location .

[]    a       owl:AllDisjointClasses ;
      owl:members (:CharNumberLocation :XPathLocation :XPointerLocation) .

            
                	
                    “CharNumberLocation” defines a location by counting characters. In that
                        case, the string value of the “at” property must be an integer[7] that identifies an unambiguous position in the character
                        stream;

                

                	
                    “XPathLocation” defines a location as a node of an XML docuverse. In this
                        case, the property “at” will be an XPath expression bib-12;

                

                	
                    “XPointerLocation” defines a precise point in a docuverse. In that case,
                        the expression “xpointer(point(.42))”, for instance, indicates the cursor
                        in-between the 42nd and the 43rd character; with “xpointer(point(/1/9.3))”
                        we mean the cursor between the 3rd and the 4th character of the ninth node
                        of the root, and so on.

                

            

            MarkupItem is specialized in three disjointed sub-classes: “Element”, “Attribute”
                and “Comment”, that allow a more precise characterization of markup items.

            :Element
      a       owl:Class ;
      rdfs:subClassOf :MarkupItem .

:Attribute
      a       owl:Class ;
      rdfs:subClassOf :MarkupItem .

:Comment
      a       owl:Class ;
      rdfs:subClassOf :MarkupItem .

[]    a       owl:AllDisjointClasses ;
      owl:members (:Attribute :Comment :Element) .

             Through this classification, shown also in Figure 7, we
                can describe all the concepts introduced by XML, LMNL or TexMecs, including virtual
                elements bib-17
                bib-18, structured attributes bib-6 and so on. 
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Figure 7.The class hierarchy of the EARMARK ontology.


            In order to discuss such potentialities, the next section analyses in detail the
                EARMARK encoding of the aforementioned karaoke example.

        
        
            “And I Love Her” in EARMARK

            The approach to mark up a complex document with EARMARK is composed of the
                following steps:

            
                	
                    creation of one or more docuverses depending on the number of data streams
                        we must handle;

                

                	
                    identification of the ranges within the docuverses;

                

                	
                    identification of the leaf markup items,
                        i.e. those containing attributes and ranges only;

                

                	
                    identification of the internal markup
                        items, i.e. those containing markup items or a mixed content of markup items
                        and ranges.

                

            

            Let us take into consideration the fragment of the lyrics of “And I Love Her” by
                The Beatles, introduced in Dark is the overlapping sky.

            In EARMARK strings are placed in one or more docuverses. As mentioned, there are
                two different types of docuverses: autonomous
                    resources (i.e., independent files identified by a URIs, appropriate
                for the actual lyrics of the song and the content of the fun fact popups) and
                    local strings (i.e. an internal data value,
                appropriate for strings that do not exist as independent units like attribute
                values, metadata, and so on).

            For the XML version of “And I Love Her”[8], we will employ four docuverses: 

            
                	
                    an independent text file with the lyrics;

                

                	
                    a local string containing strings for all attribute values;

                

                	
                    a local string containing the timings of the screenfuls of lyrics;

                

                	
                    an independent file with a selection of fun facts. This could just as well
                        be an existing, independent HTML resource such as the one in
                        http://www.songfacts.com/detail.php?id=43.

                

            

            Note that we have immediately introduced the machinery for overlapping elements
                and shared text fragments. We can also add any additional annotation (such as
                spaces, separators, etc.) to each docuverse in order to make it more readable. We
                will be explicitly ignoring the non-relevant text within the docuverses. 

            The Turtle translation of the docuverses could be[9]:

            
     e:lyrics
         a :URIDocuverse ; :has-uri "http://www.essepuntato.it/2009/01/andiloveher.txt"^^xsd:anyURI .
     
     e:funfacts    
         a :URIDocuverse ; :has-uri "http://www.songfacts.com/detail.php?id=43"^^xsd:anyURI .
     
     e:attribute_values    
         a :StringDocuverse ; :has-text "stanza - refrain - 4"^^xsd:string .
     
     e:time_values    
         a :StringDocuverse ; :has-text "68 - 72 - 76 – 80 - 84"^^xsd:string .

             All the strings defining the actual text content of an EARMARK document are
                identified by ranges. Ranges refer to any of the docuverses, and can overlap and
                invert order. For example, the ranges for the refrain and the last chord overlap
                over the same range.

            We next define a range for each text node of the song, encoded as element or
                attribute, e.g.:

            
    e:r_refrain_1    
        a :Range ; :begins e:location0-lyrics ; :ends e:location6-lyrics .
    
    e:r_refrain_2    
        a :Range ; :begins e:location6-lyrics ; :ends e:location14-lyrics .
    
    e:r_attribute_class_refrain 
        a :Range ; :begins e:location9-attribute_values ; :ends e:location16-attribute_values .
    
    e:location0-lyrics    
        a :XPointerLocation ; :refers-to lyrics ; :at "xpointer(point(.0))"^^xsd:string .
    
    e:location6-lyrics    
        a :XPointerLocation ; :refers-to lyrics ; :at "xpointer(point(.6))"^^xsd:string .
    
    e:location14-lyrics    
        a :XPointerLocation ; :refers-to lyrics ; :at "xpointer(point(.14))"^^xsd:string .
    
    e:location9-attribute_values    
        a :XPointerLocation ; :refers-to attribute_values ; :at "xpointer(point(.9))"^^xsd:string .
    
    e:location16-attribute_values    
        a :XPointerLocation ; :refers-to attribute_values ; :at "xpointer(point(.16))"^^xsd:string .

             Some ranges can be used more than once in the final EARMARK document. For
                instance, the “r_refrain_2” range is used both in the refrain of the song and in the
                last chord of the refrain.

            Using these ranges we can now create the leaf markup items, i.e. all the
                attributes and all the first-level elements. The
                latter are all the elements that have a simple content, i.e., sequences of ranges
                and attributes only.

            Given an e-GODDAG node N, an EARMARK markup item
                is made as follows:

            
                	
                    it has an identifier generated randomly;

                

                	
                    the name of N, if it exists, is the
                        general identifier;

                

                	
                    all children non-terminal nodes of N are
                        translated into individual markup items. They are recursively generated with
                        these same rules;

                

                	
                    the ranges corresponding to the text content end up as the sequence of the
                        new markup item.

                

            

            In the next piece of code we take into consideration both the e-GODDAG structure
                and the implicitly given XML description for all the markup items, that defines the
                kind – element or attribute – of each of them. For instance, the Turtle translation of
                the attribute class and of the p element of the refrain, using the ranges previously
                defined, is:

            
    e:attr_refrain_class    
        a :Attribute , [ a rdf:Bag ; rdf:_1 e:r_attribute_class_refrain ] ;    
        :has-general-identifier "class"^^xsd:string .
    
    e:refrain_div    
        a :Element , [ a rdf:Seq ; rdf:_1 e:attr_refrain_class ; rdf:_2 e:refrain_p ] ;    
        :has-general-identifier "div"^^xsd:string .
    
    e:refrain_p    
        a :Element , [ a rdf:Seq ; rdf:_1 e:r_refrain_1 ; rdf:_2 e:r_refrain_2 ] ;    
        :has-general-identifier "p"^^xsd:string .

             The difference between those leaf elements that are simply sequences of ranges
                and those that are sequences of attributes and ranges mirrors the difference between
                types in XML Schema bib-19, with the former resembling simple
                type elements with simple content, and the latter resembling complex type elements
                with simple content and attributes.

            The expressiveness of e-GODDAG's is clearly within EARMARK's : through EARMARK we
                can express general digraphs with or without repeatable
                    edges depending on the particular context we are taking into
                consideration.

            Through such digraphs we can handle particular scenarios that involve overlapping
                – i.e. different elements partially dominate the same content, such as with chords
                and lines – as well as virtual elements – i.e. non-contiguous ranges are contained
                by a markup item, such as with the fun fact pop-up.

            Finally, it is interesting to note that EARMARK is actually more expressive than
                e-GODDAGs. Consider the case of unordered items. Although e-GODDAGs always considers
                ordered markup items and ranges within a container, EARMARK allows us to specify
                whether the items are ordered or not, by simply using “rdf:Seq” and “rdf:Bag”
                container classes. The ordering of inner elements becomes a matter of explicit
                choice rather than implicitly given by the markup embedding.

            Consequently, EARMARK even allows us to specify sequences of attributes, elements
                and ranges in any arbitrary order. Differently than XML, LMNL and TexMECS, EARMARK
                makes possible sequences in which attributes, elements and ranges are freely mixed
                in any order, including elements followed by attributes followed by other elements
                and so on. Moreover, the same global identifier can be specified for multiple
                attributes in the sequence (i.e., EARMARK allows multiple attributes with the same
                name for the same element). These situations are not directly expressible in any embedded
                markup model.

        
    
    
        Embedding EARMARK documents

        The process of generating a linearized structure (such as an XML document) from a set
            of EARMARK annotations is not immediate, mostly because of the substantially greater
            expressive power of EARMARK annotations. Without loss of generality, we will be
            describing a conversion to XML, since converting to LMNL or TexMecs will constitute a
            much simpler exercise of stopping the linearization a few steps earlier. 

        Although the conversion of any EARMARK subset that already describes a tree is
            obviously immediate and fully automatic, several different options exist for any further
            EARMARK annotations that we wish to linearize. Since these additional annotations are at
            odds with a tree-like structure, we need to use a few embedding tricks to obtain a
            well-formed XML document, and of course the choice of tricks to use is wide and rich. In
            this section we will explore the task of linearizing a chosen tree-shaped subset of the
            EARMARK document, and in the following section we will describe a few options for the
            remaining assertions. 

        The construction of the tree we envision is bottom up:

        
            	
                the first step is deciding which docuverses (or fragments thereof) will
                    constitute the content of the document, which the content of the attributes, and
                    which, if any, will be ignored;

            

            	
                then a subset of the first-level elements needs to be chosen, as well as the
                    ranges they contain. Of course, no overlapping or reverse order ranges can be
                    accepted as such;

            

            	
                there might well be the situation whereby multiple independent sets of
                    first-level elements exist, each of which is by itself non-overlapping, but
                    combined with others would. In this situation, of course, only one set can be
                    selected as the main hierarchy, and all others will need to employ an embedding
                    trick to be expressed in the final linearized document. One possible way to do
                    so is to create independent sets of elements and hierarchy over elements, and
                    then choose the largest set as composing the principal hierarchy, and all others
                    as candidates for tricks;

            

            	
                mixed content elements are sequences of ranges and first-level elements, and
                    are generated once all contained elements are ready;

            

            	
                similarly, structure elements (only containing other elements) are available
                    for creation once their content is already generated;

            

            	
                finally, attributes and their ranges are selected as well and converted into
                    linearized form and associated to their elements;

            

            	
                the final result of this linearization is possibly a selection of separate and
                    disjoint trees, each linearizing a connected component of the EARMARK document.
                    It is then a linearization choice either to generate several independent XML
                    documents or to employ the universal root
                        pattern[10] and include these structures within a single new elements that become their container.

            

        

        Whatever is left out of this linearization process needs to be approached using one or
            more of the methods described in the next section.

    
    
        Handling the remaining EARMARK structures

        Some kinds of EARMARK structures are not directly linearizable by embedding. In order
            to allow a full representation of the EARMARK document we therefore need to apply some
            stratagem to force the hierarchical structure to accept these remaining structures.

        Reasonably, frequent unmanaged structures would include:

        
            	
                overlapping leaf elements referring to contiguous ranges;

            

            	
                overlapping leaf elements referring to non-contiguous ranges;

            

            	
                shared ranges;

            

            	
                text variants;

            

            	
                overlapping structural elements;

            

            	
                structured attributes.

            

        

        In Embedding EARMARK documents we listed the EARMARK assertions that could not be
            directly translated into an XML document. Let us examine a few potential approaches
            (which we call embedding 
            tricks) for forcing the conversion. A few of such
            approaches, as well as algorithms for passing from one to the other, are described in
                bib-7
        

        
            Milestones

            Plain overlapping leaf elements (i.e. elements that partially share the text
                content, but no lower structures) may be forced into an XML structure via milestones as proposed in CLIX bib-20.

            The open and close tags of the unconverted elements are considered as individual
                empty elements placed in the positions where they should reside. The attribute role
                specifies whether the empty element corresponds to a start or end tag, and the
                    sID and eID
                attributes connect the two elements in a single conceptual one. 

            <body>
    <div class=”stanza” title=”4”>
        <p>
            <chord name=”G”>Will never</chord>
            <chord name=”A” clix:role=”start-range” clix:sID=”A”/>
            die
        </p>
    </div>
    <div class=”refrain”>
        <p>
             And I
             <chord name=”A” clix:role=”end-range” clix:eID=”A”/> 
             <chord name=”D”>love her</chord>
        </p>
    </div>
</body>

             Although easy to implement and appreciate, milestones are nonetheless limited in
                that only frontier overlapping (i.e., overlapping on ranges) is expressible. 

        
        
            Fragmentation

            Another approach is to use fragmentation as introduced by the TEI guidelines bib-1.

            Overlapping elements are separated in many multiple fragments each of which
                properly nests within their container. Individual fragments are then connected via
                attributes such as next or previous. 

            <body>
    <div class=”stanza” title=”4”>
        <p>
            <chord name=”G”>Will never</chord>
            <chord name=”A” xml:id=”a1” next=”a2”>die</chord>
        </p>
    </div>
    <div class=”refrain”>
        <p>
             <chord name=”A” xml:id=”a2”>And I</chord> 
             <chord name=”D”>love her</chord>
        </p>
    </div>
</body>

        
        
             Repetitions

            The easiest embedding trick for dealing with shared ranges is simply to multiply
                the instances of the corresponding text and possibly annotate that all instances
                except the first one is redundant.

            <p>
    <span class=”repeat” title=”r_refrain_1”>And I </span>
    <span class=”repeat” title=”r_refrain_2”>love her</span>
</p>

        
        
             Hidden variants

            When we have multiple variants of the same text, we may want to hide in
                substructures (such as attributes or subelements) the alternative variants.

            <p>And I love <span class=”alternative” title=”him”>her</span></p>

        
        
             RDFa

            RDFa bib-21 allows arbitrary assertions to be placed on
                existing elements. It is understood that if an assertion exists over a text fragment
                that is not wrapped within an existing element, a generic element (such as the HTML
                    span) is added to allow for RDFa assertions to
                attach to the corresponding content. 

            For instance, support for overlapping inner structures are difficult to provide in
                either fragmentation or milestones, but become possible in RDFa. Consider for
                instance the sequence which contains individual chord elements and overlaps with the
                    div element containing individual p elements. 

            RDFa thus supports the specification of a virtual instance of the class Chords,
                expressed as a sequence of three instances of the Chord class (in fact, one instance
                each of subclasses GChord, AChord and DChord of the Chord class) as follows:

            <body about=”#Chs” typeof=”#Chords”>
    <div typeof=”rdf:Seq” property=”rdf:_1” href=”#G”>
        <p property=”rdf:_2” href=”#A”>
            <span about=”#G” typeof=”#GChord” property=”#has”>
                Will never
            </span>
            <span 
                about=”#A” typeof=”#AChord” property=”#has-first-part”>
                die
            </span>
        </p>
    </div>
    <div property=”rdf:_3” href=”#D”>
        <p>
             <span about=”#A” property=”#has-second-part”>
                 And I
             </span>
             <span about=”#D” typeof=”#DChord” property=”has”>
                 love her
             </span>
        </p>
    </lg>
</body>

        
        
             Embedded RDF 

            When all else fails, the fallback approach is simply to place the remaining
                assertions as an RDF/XML block in the XML structure, either in a block properly
                thought out for external vocabularies, or converted into some local vocabulary, or
                even as a lump of XML elements placed in a random position within the document. 

            This is useful, for instance, for dealing with structured attributes a la LMNL bib-6. In the following
                example, a RDF block is inserted in the XML document to provide support for the
                attribute name of the chord element, which contains a structure of two different values
                wrapped by elements normal and jazzy. This allows the name of the chord to cater for both
                a pop and a jazz rendering of the tune, while at the same time remaining one
                attribute of one element. 

            <body>
  <rdf:RDF     xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"
    xmlns="http://www.essepuntato.it/2008/12/earmark#">
       <Attribute rdf:about="#attr_chord_structured">
          <has-general-identifier rdf:datatype="xsd:string">
            name
          </has-general-identifier>
          <rdf:type>
            <rdf:Seq>
                <rdf:li rdf:resource="#normal"/>
                <rdf:li rdf:resource="#jazzy"/>
            </rdf:Seq>
          </rdf:type>
       </Attribute>
       <Element rdf:about="#normal">
          <has-general-identifier rdf:datatype="xsd:string">
            normal
          </has-general-identifier>
          <rdf:type>
            <rdfs:Bag>
                <rdf:li rdf:resource="#r_chord_D"/>
            </rdfs:Bag>
          </rdf:type>
       </Element>
       <Element rdf:about="#jazzy">
          <has-general-identifier rdf:datatype="xsd:string">
            jazzy
          </has-general-identifier>
          <rdf:type>
            <rdfs:Bag>
              <rdf:li rdf:resource="#r_chord_Dmaj7"/>
            </rdfs:Bag>
          <rdf:type>
       </Element>
  <rdf:RDF>
  ...
</body>

        
    
    
         Conclusions

        In this paper we presented the Extreme Annotational RDF Markup (EARMARK), a proposal
            for expressing GODDAGs (and e-GODDAG) structures in a general metamarkup language that
            does not rely on embedding, and that integrates the advantages of standoff annotations
            and embedded markup into a single unifying framework. 

        Through EARMARK authors can express a large number of markup assertions and
            observations that would otherwise be non expressible, including overlapping elements,
            elements over non contiguous ranges, repeated structures, text variants, overlapping
            hierarchies, structured attributes, etc.

        In further work we plan both to explore the application of the structural patterns
            defined in bib-22, trying to give a formal ontological demonstration
            if an EARMARK document follows them, and to explore, both formally and pragmatically,
            the expressive power of the EARMARK language and its applications.

    
    
        Acknowledgements

        The authors wish to thank all that have commented on this paper and on EARMARK in general. 
            The anonymous reviewers of this and other EARMARK papers were incredibly useful in smoothing
            out both the basic concepts and the written explanation of the most oscure parts of the proposal. 
            The participants to the Goddag Workshop in Amsterdam (December 2008) have in no small part 
            provided thought fodder for what ended up becoming EARMARK. Finally, we wish to thank explicitly 
            Michael Sperberg-McQueen and Federico Meschini for their help, comments and suggestions.

    
    
        References

        [bib-21] Adida, B., Birbeck, M., McCarron, S.,
            Pemberton, S. (2008). RDFa in XHTML: Syntax and processing. W3C Recommendation. World
            Wide Web Consortium. http://www.w3.org/TR/rdfa-syntax/.

        [bib-13] Becket, D., Berners-Lee, T. (2008). Turtle -
            Terse RDF Triple Language. W3C Team Submission.
                http://www.w3.org/TeamSubmission/turtle/.

        [bib-12] Berglund, A., Boag, S., Chamberlin, D.,
            Fernández, M. F., Kay, M., Robie, J., Siméon, J. (2007). XML Path Language (XPath) 2.0.
            W3C Recommendation. http://www.w3.org/TR/xpath20/.

        [bib-22] Dattolo, A., Di Iorio, A., Duca, S., Feliziani,
            A.A., Vitali, F. (2007). Structural patterns for descriptive documents. In the
            Proceedings of the Seventh International Conference on Web Engineering 2007, Como,
            Italy, 2007.

        [bib-9] DeRose, S., Maler, E., Daniel, R. (2001). XML
            Pointer Language (XPointer) Version 1.0. W3C Candidate Recommendation.

        [bib-20] DeRose. S. (2004). Markup overlap: A review and
            a horse. In Extreme Markup Languages.

        [bib-16] Goldfarb, C. F. (1990). The SGML Handbook.
            Oxford University Press, USA.

        [bib-15] Horrocks, I., Patel-Schneider, P. F., Boley, H.
            Tabet, S., Grosof, B., Dean, M. (2004). SWRL: A Semantic Web Rule Language Combining OWL
            and RuleML. W3C Member Submission.
            http://www.w3.org/Submission/SWRL/.

        [bib-18] Huitfeldt, C., Sperberg-McQueen, C. M. (2001).
            TexMECS: An experimental markup meta-language for complex documents.

        [bib-3] Iglesias, C., Squillace, M. (2009). Pointer
            Methods in RDF. W3C Working Draft availables in
                http://www.w3.org/TR/Pointer-in-RDF.

        [bib-10] Manola, F., Miller, E. (2004). RDF Primer. W3C
            Recommendation. http://www.w3.org/TR/rdf-primer/.

        [bib-23] Marcoux, Y. (2008). Graph characterization of
            overlap-only TexMECS and other overlapping markup formalisms. Paper presented at the
            Balisage: The Markup Conference. doi:10.4242/BalisageVol1.Marcoux01.

        [bib-7] Marinelli, P., Vitali, F., Zacchiroli, S.
            (2008). Towards the unification of formats for overlapping markup. The New Review of
            Hypermedia and Multimedia.

        [bib-14] Nelson, T. (1980). Literary Machines: The
            report on, and of, Project Xanadu concerning word processing, electronic publishing,
            hypertext, thinkertoys, tomorrow's intellectual... including knowledge, education and
            freedom - Mindful Press, Sausalito, CA, USA.

        [bib-24] Oliver Schonefeld und Andreas Witt (2006).
            Towards validation of concurrent markup. In: Proceedings of the Extreme Markup 2006,
            Montréal, Canada.

        [bib-2] Schmidt, D., Colomb, R. (2009). A data
            structure for representing multi-version texts online. International Journal of
            Human-Computer Studies.

        [bib-1] Sperberg-McQueen, C. M., Burnard, L. (2005).
            TEI P5 Guidelines for Electronic Text Encoding and Interchange (revised). The
            Association for Computers and the Humanities.

        [bib-17] Sperberg-McQueen, C. M., Huitfeldt, C. (2008).
            Markup Discontinued: Discontinuity in TexMecs, Goddag structures, and rabbit/duck
            grammars. doi:10.4242/BalisageVol1.Sperberg-McQueen01.

        [bib-5] Sperberg-McQueen, C.M., Huitfeldt, C. (2004).
            GODDAG: A Data Structure for Overlapping Hierarchies. Lecture Notes In Computer Science.
            Springer.

        [bib-8] Tennison, J. (2008). Representing Overlap in
            XML. Article from “Jeni's Musings” blog, available in
                http://www.jenitennison.com/blog/node/97.

        [bib-6] Tennison, J., Piez, W. (2002). The Layered
            Markup and Annotation Language (LMNL). Paper presented at the Late breaking at Extreme
            Markup. Montreal, Canada.

        [bib-19] Thompson, H. S., Beech, D., Maloney, M.,
            Mendelsohn, N. (2001). XML Schema Part 1: Structures. W3C Recommendation.
                http://www.w3.org/TR/xmlschema-1/.

        [bib-4] Tummarello, G., Morbidni, C., Pierazzo, E.
            (2005). Toward textual encoding based on RDF. 9th ICCC Conference on Electronic
            Publishing (ELPUB 2005). Leuven, Belgium.

        [bib-11] W3C OWL Working Group (2009). OWL 2 Web
            Ontology Language Document Overview. W3C Working Draft.
                http://www.w3.org/TR/owl2-overview/.

    
Notes
Defined as the “set of partial or independent overlapping hierarchies in which
                    the textual content between the tags is visible in some hierarchies but not in
                    others” bib-2.

            
View note in Notes section
We will ignore, for the time being, that in the lyrics that are actually
                        sung by the Beatles the first refrain is slightly different from the other
                        ones, since they sing “I love her” instead of “and I love her”

                
View note in Notes section
An issue to consider relates to another GODDAG constraint: no node can
                        dominate another node both directly and indirectly. That simply means that
                        we need to add an anonymous node for each repeated arc of a node, and just
                        the ones after the first one, so that the we only have indirect dominance in all of
                        them.

                
View note in Notes section
In all code examples we will also be implying the following
                        prefixes:

                    
    @prefix :        <http://www.essepuntato.it/2008/12/earmark#> .
    @prefix rdf:     <http://www.w3.org/1999/02/22-rdf-syntax-ns#> .
    @prefix rdfs:    <http://www.w3.org/2000/01/rdf-schema#> .
    @prefix owl:     <http://www.w3.org/2002/07/owl#> .
    @prefix xsd:     <http://www.w3.org/2001/XMLSchema#> .
    @prefix swrl:    <http://www.w3.org/2003/11/swrl#> .
    @prefix swrlb:   <http://www.w3.org/2003/11/swrlb#> .

                
View note in Notes section
Because of the functional property declarations of “begins” and “end” and
                        the SWRL rules illustrated, an EARMARK document will be consistent if and
                        only if the constraint is valid. Otherwise, there will be a range with two
                        locations that refer to two different documents.

                
View note in Notes section
An interesting example of semordnilap,
                            http://en.wikipedia.org/wiki/Palindrome#Semordnilaps

                    
View note in Notes section
It is a positive integer (including zero) if we are counting from
                                the begin of the document to the end, and a negative integer for
                                vice versa.

                        
View note in Notes section
The complete Turtle example if “And I Love Her” is available at
                        “http://www.essepuntato.it/2009/01/andiloveher.ttl”.

                
View note in Notes section
The prefix “e” refers to
                        “http://www.essepuntato.it/2009/01/andiloveher#”.

                
View note in Notes section
 http://www.xmlpatterns.com/UniversalRootMain.shtml
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      Abstract
Testing of XML material – either XML-native business documents, or XML-formatted inputs from various sources – involves more than syntactic or semantic validation of a document. It often requires checking consistency with other documents, and verifying assumptions about the quality of these. Consequently - like for any complex system - the design and execution of test units have to be composed and ordered. This in turns requires a testing method and tool with more flexibility - in test expression and test usage - than provided by validation tools such as OWL reasoner or Schematron. A test method is presented that relies on a general test assertion model from OASIS. This test model (and its XML markup) is extended with XPath in order to make test assertions directly executable after XSLT translation, by a forward-chaining engine itself written in XSLT. Test assertions may refer to other test assertions either for chaining or for composing test results. The resulting test model and processing is contrasted with other approaches (XBRL test suite, OWL reasoner, Schematron). Results and learnings from a real test suite are presented, as well as a proposed implementation model based on generating the XSLT engine specific to a test suite, rather than using a generic engine. Observations are made about features in the latest versions of underlying technologies (XPath2.0, XSLT2.0) that were critical to this implementation.
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  Introduction

    
      Testing of XML material – either XML-native business documents, or various XML-formatted inputs – often involves more than single document validation. The notion of validation may depend on a context involving other documents. Validation against a schema is just an an example of this. Behind XML document testing it is often a processor generating or editing this document, that is being tested. This is the case with XBRL test suites (for XBRL processors), with WS-I test suites (testing Web service instances) and also the ODF test suite (targeting document processors). As a consequence, the notion of validity depends on a context made of diverse other documents, that represent various inputs to these processors as well as traces that capture their behavior and relate all documents associated with the same test case. Roughly, two categories of documents can make up such context: (a) metadata documents, and (b) scenario documents.
    

    
      	
	Metadata documents may involve various business rules, reference documents and templates, contractual documents, configuration artifacts. XML schemas are just an example of these, and they may be involved in quite diverse validation patterns [1] beyond conventional schema-validation of instances.
      


      	Scenario documents reflect on operations over a system under test  - such as an XML transcript of an electronic exchange with the system under test, a log converted into XML, or the script a sequence of operations to be performed by a test driver. 


    

    
      In such cases, testing is as much about verifying that each one of these XML artifacts is individually correct, as it is about verifying that some combinations of these are consistent (e.g. a Web service message must conform to its definition in WSDL, or the output of an ODF processor is consistent with the operation performed and the previous state of the document). In some cases it is not even a main document that is under test relative to some context, but rather a sequence of documents, e.g. a message choreography for a business transaction combining business payloads, message protocols and service interfaces that is tested for conformance [2]. The dependency between a document and its transactional context (exchange protocol) has also been analyzed in [3].
    

    
      Such testing requirements are in fact closer to conventional system or software testing requirements than to document testing in a narrow sense - while also requiring same XML testing capabilities as known today for single documents. Because each type of artifact may have its own validation rules and test suites, tests must be grouped into modules, the execution of which is conditioned by the results of other test modules. Chaining of test cases becomes an important feature, across modules or within modules.
    

    
      This diversity of these test requirements poses a challenge to a test environment:
      

		Rules and constraints (Schematron, OWL Reasoning, RuleML) are often limited in either one of two ways: (a) their expressive power is often traded for ease of processing, (b) their decision model (e.g. predicate logic) often enforces a Boolean outcome missing the nuances expected in a test report.


		Test suites - and test engines – often exceed the scope of dedicated tools such as Schematron (e.g. XBRL test suite). As a result they are architected and developed in an ad-hoc manner, regardless of how well they leverage XML technologies.


      

    
      This paper describes a more integrated XML testing paradigm which supports flexible composition of test cases (chaining, parameterization) and test suites (modules, reuse). The resulting implementation makes the best of XPath2.0 and XSLT2.0 to provide on one hand a test script model able to express predicates crossing over such diverse inputs and to handle a richer spectrum of outcomes, and on the other hand a test engine able to compose and chain test assertions in a way that was usually considered requiring specialized rule engines written in conventional programming languages or dedicated AI languages such as Prolog or LISP.
    

  

  XML Test Assertions for XML

    
      In this section the authors argue that the best approach for testing XML material – given the integrated aspect of such testing - is one that builds on conventional test methodologies, augmented with a proper integration of XML-processing techniques (here XPath2.0, XSLT2.0).
    

    Test Assertion Model

      
	Test assertions (TA) is a familiar concept for QA engineers and test developers. A test assertion is a testable or measurable statement for evaluating the adherence of part of an implementation to a normative statement in a specification. Test assertions provide a link between the narrative of a specification (i.e. rules, schema, requirements, system definition) and the test suites that assess conformance of implementations. Test assertions have been mostly used in the domain of software engineering, and less often in more specialized domains such as XML artifacts, where ad-hoc solutions - and also very specialized tools - have flourished instead. Test assertions are usually declarative (logical) statements that are written as a blueprint for test cases, the latter being the actual executable tests.
      

      
	A major benefit in writing test assertions, is that they represent a "conformance contract" understandable by all parties involved - domain experts, test writers, end-users. An additional interest in the XML space - where all material under test is in XML format, is that test assertions can be directly scripted using such dialects as XPath or XQuery, thus becoming themselves executable test cases. A general-purpose model for test assertions has recently been developed in the OASIS Test Assertions Guidelines (TAG) OASIS committee [8]. In this model, a test assertion (TA) is a well-structured object defined as follows:
      

      
	  	TA Id: the identifier of the Test Assertion.


	  	Source: the normative conformance requirement that this test assertion is addressing


	  	Target: a Test Assertion always targets instances of a specific artifact type, for example, a line item fragment in a purchase order document, a SOAP Envelope, a WSDL port binding, etc. The Target element identifies this artifact type. 


	  	Prerequisite: a pre-condition that must be satisfied over the Target instance in order for this instance to qualify for evaluation under this TA. The Prerequisite may refer to other test assertions. If the Prerequisite evaluates to “false”, then the outcome of the TA for this Target will be “notQualified” in the test report.


	  	Predicate: a logical expression over the Target. The Predicate is only evaluated if the Target instance is qualified, i.e. if the Prerequisite – if any – has already evaluated to “true”. If the Predicate result is “true” then the Target instance fulfills the related conformance requirement and violates it otherwise.


	  	Prescription Level: a keyword reflecting how imperative it is to fulfill the (Source) requirement: mandatory / preferred / permitted.


	

      
	The authors have profiled and extended this model so that test assertions become directly executable over XML artifacts, thus becoming "test cases" grouped in test suites.
      

      
	The profiling consists of the following:

	

	  	Use XPath expressions to define Target, Prerequisite and Predicate.


	  	Define how the instances of a particular target type are identified. This is defined by another XPath expression that returns a unique ID, possibly resulting from aggregation of several fields relevant to this target type. This ID will show in the test report, but also used when chaining test assertions over a same target instance during test execution.


	  	Add references (XPath) to a combination of artifacts that represent contextual documents, over which Prerequisite and Predicate may operate.


	  	Add a new Reporting element that determines the outcome of the test assertion over a target instance.


	  	Add secondary output mostly for human readers: error messages, diagnostic data.


	

    

    The Test Target and its Context

      A test assertion will always focus on a “primary” target instance, but may need to access contextual material in order to test this target. This "side" material is identified in "variables" added to the TA. A simple example of this is schema-validation of a document. In the target scripting below, the test assertion will refer to the contextual document (a schema) while targeting a purchase order line item:
	
<testAssertion id="1234" lg=”xpath20” >
	  <var name=”poschema” type="string">http://www.mysupplychain_xyz.com/2009/04/12/po.xsd</var>
	  <target>//xyz:purchaseOrder/xyz:lineItem</target>
	  <predicate>$target instance of schema-element($poschema, xyz:lineItem) </predicate>
	  ...
	  </testAssertion>

	The predicate validating a lineItem element will refer to this contextual document using the conventional variable notation ($). The predicate expressions will be pre-processed into executable XPath.
	The above test assertion applies to every line item of any purchase order.
	Variable expressions (<var>) may refer to any contextual material - either inside the same document or external. An XPath variable notations($) may then be used either to parameterize the location of a document, or to refer to the current value of the target expression:
	
<testAssertion id="2345" lg=”xpath20”>
	  <var name=”herbooks” >document($allbooks)/book[@author = $target/name]</var>
	  <var name=”herpublishers” >document($allpublishers)
	  //directory/publisher[fn:index-of( fn:distinct-values(
	  ‘for $bk in $herbooks return $bk/@publisher’), @name) gt 0 ]</var>

	  <target>//whoswho/arts[@section='literature']/biographies/author</target>
	  ...
	  </testAssertion>

	In the above, "$allbooks" and "$allpublishers" are references to a documents that have been defined outside the test assertion. The variable "$herbooks" denotes the subset of books from this author. The variable "$herpublishers" is the subset of publishers this author has been dealing with. The target expression is matched against a third document, the main input.
	A predicate for the above target may express a condition over the author (the target), her related list of books ($herbooks) and of publishers ($herpublishers).
      

    

    Reporting Test Outcomes

      
	The additional Reporting element added to the test assertion structure may override the default outcome which is:
	

	  	notQualified (if Prerequisite = “false”)


	  	pass (if Prerequisite = “true” and Predicate = “true”)


	  	fail (if Prerequisite = “true” and Predicate = “false”)


	

	Indeed, other possible outcomes are:
	

	  	missingInput (a contextual document or XML fragment is missing in order to pursue the evaluation)


	  	warning (the Predicate may not be indicative enough of either violation or fulfillment, but has detected a situation calling for further attention.)


	  	undetermined (e.g. the Predicate is only designed to detect some kinds of violation, when “false”, and has no particular conformance meaning when “true”)


	

	These outcomes are not only intended for a final test report. They can also be tested and influence the test suite execution if the test assertion that produces them is referred to in predicates and prerequisites of subsequent test assertions.
      

    

    Inheritance and Composition

      
	An important benefit of clearly identifying target categories, is the ability to leverage inheritance and composition relationships between targets. Targets often belong to a class system, in the object-oriented sense (a target may be part of an other target, may be a subclass of another target, etc.). This leads to an enhanced test execution model that is able to leverage such relationships. In particular:

      
		Inheritance: The test engine is able to determine that a test assertion will apply not only to all instances of its Target class, but also to all instances of its Target sub-classes. In other words, a target inherits the test assertions of its super-classes.
	


		Composition: The test engine is able to handle cases where the prerequisite expression of TA t1 includes references to TA t2, and yet t1 and t2 do not have the same Target class - not even in a sub-class relationship - but have a component relationship. For example, t1 target - say a "binding definition" - is a part of t2 target - say a WSDL file. Before verifying that the binding satisfies some rules (TA t1) one may want to verify that the embedding WSDL file is schema-valid (TA t2). In such cases, the component relationship can be defined once as an access expression from t1 to t2 on the ancestor axis (XPath), reusable by any TA.
	


      

      
	The authors are in favor of supporting two modes of representation for such a model:  (1) "inline" relationship information can be embedded in each test assertion as needed. (2) a different mark-up separate from test assertions will hold target model information. While (2) is a more rational and scalable approach (avoid redundant information from on test assertion to the other, etc.), (1) is a convenient approach well suited for the test assertion development phase.
	Examples of inline model information are shown below. The target element uses a qualification notation to indicate the super-class (message) of SOAPmessage target class. 


      
	<target type="message:SOAPmessage" > ... </target>
      

      The composition link between the main target of a test assertion - here a WSDL binding - and the related embedding target of a prerequisite reference - here the WSDL file itself - is indicated using an XPath expression relative to the selected target node ($target) as "argument" of the test assertion reference (tag:BP2703):

      
	<testAssertion id="BP2403">
	<target type="binding" idscheme="..." >//wsdl:definitions/wsdl:binding</target>
	<prerequisite> tag:BP2703($target/..) = 'pass' </prerequisite>
	...
	</testAssertion>
      

      Another major attribute of a Target class, is the ID scheme itself an XPath expression that will return a unique ID string for each target instance, to appear in the test report.
      

    

    Chained Test Assertions

      
	A powerful aspect of the otherwise simple TAG model, is that a test assertion (TA) may refer to other test assertions. It may do so in two ways:
	

	  	by using TA references in the Prerequisite element. Such references are just parts of the logical expression, e.g. (in a simplified notation) :
	      
Prerequisite of TA3: (TA1 = “pass”) and (TA2 = “pass”)

	      means that it is expected that the target passed TA1 and TA2 before even being tested for TA3. TA-referencing in a Prerequisite is commonly used when the test expression (Predicate) in a TA can be greatly simplified by assuming that the target already passed other test assertions, or simply when the test itself is irrelevant in case some other (prerequisite) tests have failed.
	  


	  	by using TA references in the Predicate element. This allows for writing meta-level test assertions that evaluate a composition of the results of other TAs. This is often needed when defining various "conformance profiles" related to the same type of document (e.g. a category of insurance claims, a purchase order of class 'urgent'). For example: “to comply with conformance profile P, a document must “pass” the set of test assertions {TA1, TA2, TA3} and at least must NOT “fail” the set of test assertions {TA4, TA5}.” In such a case, a single TA will summarize the composition test to be made over the results of all TAs involved in assessing the conformance profile P. The predicate will be:
	      
Predicate of TA6: (TA1 = “pass”) and (TA2 = “pass”) and (TA3 = “pass”)
		and  not(TA4 = “fail”) and not(TA5 = “fail”)

	      This summary TA (TA6) may in turn be referred to from the Prerequisite of another TA. This is an essential feature when dealing with contextual documents: in most cases, one must first ensure that the contextual document is itself “conforming” before using it in a test case over the “main” document. These expressions are pre-processed by the test engine into equivalent XPath boolean expressions.
	  


	

      
	There are two main reasons for chaining test assertions as described in (a) above:

	(a1) When a set of tests should logically be done in a particular order, meaning that every single test should only be executed if the target instance passed the previous tests. For example, the following sequence of tests is expected to be done in this order, regarding a Web service definition:
	  

	    	Normative statement: "The wsdl:definitions MUST be a well-formed XML 1.0 document. The wsdl:definitions namespace MUST have value: http://schemas.xmlsoap.org/wsdl/." This is verified by the test assertion BP2703 below.
	      

		<testAssertion id="BP2703" lg=”xpath20” >
		<target>//wsil:descriptionFile[fn:prefix-from-QName
		(fn:node-name(*:definitions)) eq 'wsdl' or wsdl:definitions]</target>
		<predicate>$target instance of schema-element($wsdlschema) </predicate>
		...
		</testAssertion>


	    	Normative statement: "The wsdl:binding element MUST have a wsoap12:binding child element." This is verified by the test assertion BP2402 below.
	      

		<testAssertion id="BP2402" lg=”xpath20” >
		<target>//wsil:descriptionFile/*:definitions/wsdl:binding</target>
		<prerequisite>tag:BP2703($target/../..) eq 'pass'</prerequisite>
		<predicate>child::wsoap12:binding</predicate>
		...
		</testAssertion>


	    	Normative statement: "The contained soap binding element MUST have a 'transport' attribute." This is verified by the test assertion BP2403 below.
	      

		<testAssertion id="BP2403" lg=”xpath20” >
		<target>//wsil:descriptionFile/*:definitions/wsdl:binding</target>
		<prerequisite>tag:BP2402($target) eq 'pass'</prerequisite>
		<predicate>not(wsoap12:binding[not(@transport)])</predicate>
		...
		</testAssertion>


	    	Normative statement: "The 'transport' attribute - if any - of the soap binding element MUST have value:
	      http://schemas.xmlsoap.org/soap/http." This is verified by the test assertion BP2404 below.
	      

		<testAssertion id="BP2404" lg=”xpath20” >
		<target>//wsil:descriptionFile/*:definitions/wsdl:binding[wsoap12:binding]
		</target>
		<prerequisite>tag:BP2403($target) eq 'pass'</prerequisite>
		<predicate>not(wsoap12:binding[@transport ne
		'http://schemas.xmlsoap.org/soap/http'])</predicate>
		...
		</testAssertion>


	  

	  These four test assertions are chained via their prerequisite elements. This chaining means that if one fails, the subsequent tests will not be performed: whatever their outcome is, it might not make any sense or would at best produce an unnecessary distraction in the test report.
	

	(a2) In order to "reuse" (both at scripting time and at run-time) a complex expression outcome that has already been handled by another TA. For example in the Web services basic profile, a wsdl:binding must either be an rpc-literal binding or a document-literal binding. The test for ensuring this is not a simple one:
	  

	    <testAssertion id="BP2017" lg=”xpath20” >
	    <target>//wsil:descriptionFile/wsdl:definitions/wsdl:binding
	    [wsoap12:binding]</target>
	    <prerequisite>tag:BP2404($target) eq 'pass'</prerequisite>
	    <predicate>not(.//wsoap12:body/@use != 'literal')
	    and (count(.//wsoap12:body) = count(.//wsoap12:body/@use)) and
	    ((not(.//wsoap12:*/@style != 'rpc') and
	    not(.//wsoap12:operation[not(@style) and not(../../wsoap12:binding/@style)]))
	    or (not(.//wsoap12:*/@style != 'document')))</predicate>
	    ...
	    </testAssertion>

	  Several test assertions relate only to document-literal type. Once it is known that a binding is of either above type, the test to distinguish an rpc-literal from a document-literal is fairly simple. In the following test assertion that applies only to document-literal type, this simple test - used here in the target expression - guarantees that only document-literal bindings will be selected:
	  

	    <testAssertion id="BP2111" lg=”xpath20” >
	    <target>//wsil:descriptionFile/*:definitions/wsdl:binding
	    [not(.//wsoap12:*[@style = 'rpc'])]</target>
	    <prerequisite>tag:BP2017($target) eq 'pass'</prerequisite>
	    <predicate>not(.//wsoap12:body[@parts and contains(@parts," ")])</predicate>
	    ...
	    </testAssertion>

      The other form of chaining (b) is done in the Predicate expression. This allows for defining "meta-level" test assertions that wrap entire groups of test assertions by summarizing their expected outcome in a single logical expression. Such a meta-level test assertion can then be referred by other test assertions in their prerequisite condition, when this entire group of tests must be passed.
	For example, consider BP1214 listed in the next section. This test assertion targets a SOAP message, but needs to access a contextual document: the interface binding definition that governs the content of this message. Before executing BP1214, it is clear that the binding definition must be verified. A meta-level test assertion can "summarize" all the tests that ensure this correctness for rpc-literal bindings:
	

	  <testAssertion id="BP-rpc-bindings" lg=”xpath20” >
	  <target>//wsil:descriptionFile/*:definitions/wsdl:binding
	  [.//wsoap12:*[@style = 'rpc']]</target>
	  <prerequisite>tag:BP2017($target) eq 'pass'</prerequisite>
	  <predicate>(tag:BP2404($target) eq 'pass') and
	  (tag:BP2406($target) eq 'pass') and (tag:BP2020($target) eq 'pass') and
	  (tag:BP2120b($target) eq 'pass') and (tag:BP2117($target) eq 'pass') and
	  (tag:BP2118($target) eq 'pass')
	  </predicate>
	  ...
	  </testAssertion>


	The above test assertion may then be used as prerequisite for BP1214, over the binding definition related to its message target, i.e. the "binding" element parent of the "operation" element selected by the XPath expression in the variable $myOpBinding:
	

	  <testAssertion id="BP1214">
	  <var name="myOpBinding"> ...</var>
	  <prerequisite>tag:BP-rpc-bindings($myOpBinding/..) eq 'pass'</prerequisite>
	  <target type="message:SOAPmessage" >/wsil:testLog/wsil:messageLog/wsil:message[...]
	  </target>
	  ...
	  </testAssertion>

    

    Execution Semantics

      
	The general mode of execution for above TAs, is of a conventional forward-chaining rule engine. This is indeed necessary due to the chaining of test assertions, and departs radically from how other XPath-based rules systems are processed (e.g. Schematron or CAM do not handle chaining). The set of test assertions that have no references to other TAs is executed first over all candidate targets. This first set of test results for all possible target instances is recorded. In the next iteration of the engine, only TAs that have all their references resolved over the first set of results are executed in turn. Their results are added to the initial result set. Subsequent iterations add to the previous result set until iterations cannot augment anymore this result set which is considered stable. At this point, all possible validations have been made over the material under test, and they are ready for an (html) test report generation.
      

      
	In the XPath-extended XML markup of the TAG model, test assertions can be conditionally chained as rules to create dynamic test suites, the result of which can also be manipulated by higher-level test assertions. This approach is addressing the need to integrate validation of various XML artifacts, with validation of combinations of such artifacts (consistency across documents). Indeed, this requires composing and orchestrating test cases and test suites in a modular way.
      

    

    Implementation Considerations

      
	The automation of TAG methodology is leveraging both XLST2.0 and XPath2.0. However, end-users (TA designers) only need to know about XPath to write test assertions. XSLT is only used for the execution engine.
	A two-phase processing of above test assertions has been implemented by the authors, as often used when XSLT is the target execution language.

	  Phase 1:

	    	input = set of test assertions (type: xml + XPath2.0)


	    	processor = TAG engine generator (type: XSLT2.0)


	    	output = test assertions engine for this set (type: XSLT2.0)


	  

	  Phase 2:

	    	input = documents under test and context (xml)


	    	processor = test assertions engine in output of Phase 1 (type: XSLT2.0)


	    	output = final test report (type: xml)


	  

	The first phase amounts to generating an XSLT-hardcoded test suite for a particular set of test assertions. The second phase amounts to executing this test suite. In addition to increased performance, the two-phase approach allows for advanced parameterization features in test assertions at different levels, with the use of variables:
	

	  	“Generation" (or "Phase 1") variables: these are given a value during Phase 1. Such value assignments are hardcoded in the output of Phase 1.  Examples are those identifying contextual documents in a previous example (e.g. $allbooks, $allpublishers).


	  	"Run-time" (or “Phase 2”) variables: these may have a different value at each execution of the test assertion. Such variables are used to break down complex expressions for Target, Prerequisite and Predicate, or to point at contextual documents that may vary from one target to the other. In the example below, the Target is a SOAP message, and the variable "myOpBinding" identifies the definition of the Web service operation (here the WSDL file is in the same log as the message trace) associated with this target instance (referred to using the pseudo variable "$target"): 


	

	  <testAssertion id="BP1214">
	  <var name="myOpBinding">//wsil:descriptionFile/wsdl:definitions/wsdl:binding
	  [.//wsoap12:*[@style = 'rpc']]/wsdl:operation
	  [@name =  fn:local-name-from-QName(node-name($target/soap12:Body/*[1]))]</var>
	  <target type="message:SOAPmessage" >/wsil:testLog/wsil:messageLog/wsil:message[...]
	  </target>
	  ...
	  </testAssertion>

	This test assertion verifies that the message is conforming to some aspect of its binding definition.
      

      
	Two of the authors have developed test suites for Web Services profiles developed by the WS-Interoperability consortium (http://www.ws-i.org) using the XPath2.0-extended TAG model.  These test suites include test cases that involve a combination of documents (WSDL, Schemas) and sequences of messages. About 250 test assertions were developed for three WS profiles. The entire test suite execution process (Phase 1 + Phase 2 + html rendering of the test report) is handled by stylesheets.
      

      
	Prior to this one author had been leading a similar test tool development process for WS-I based on conventional programming languages (Java, C#) [4]. The advantage of the recent approach using XPath and XSL are:
	

	  	Reliance on specialized XML dialects that have been developed over various platforms and have been tested for consistency across these platforms, removes platform-dependency of test tools (e.g. .NET, Java).


	  	Visibility of the TA logic (test assertion definitions are currently embedded in the WS-I Profile document and readable by end-users and developers who need to comply with these profiles). In the previous approach, the logic of tests was buried in the binaries of the test tools.


	  	A modest but real gain in test suite design and overall development effort and the related QA cycles.


	

      
	Originally, the authors attempted to use XPath1.0 as expression language for TAs. This was not sufficient to handle complex correlations of XML-fragment (either intra-document or cross-document) required by WS-I test suites. XPath2.0 provided new features that significantly enhanced the expressive power of target / prerequisite / predicate expressions, such as quantified expressions, iterations and an extensive library of functions. Advanced correlation patterns inside Predicate could be expressed in a declarative way as a set of nested quantified expressions, making it possible to assign and reuse variables at each level.
      

      
	XSLT2.0 proved a suitable script language to implement a forward-chaining test assertion engine thanks to features such as next-match(), while the authors have not been successful at trying this with XSLT1.0.
      

      
	Along the line of managing complexity by leveraging the composability of test assertions and of their execution (chaining of test assertions, parameterization, meta-level assertions), a future enhancement will allow a test assertion to define “byproducts” , i.e. XML fragments produced by their execution (in addition to the main outcome “pass”, “fail” etc.) that can be reused in Prerequisite or Predicate of referring test assertions.
      


    

  

  Other Works in Semantic Validation of Documents

  	Schematron

  	
  	        Schematron is a simple pattern and rule language well-focused on document testing. It leverages XPath functions and expressions, and can be implemented using XSLT. Rules in Schematron can be seen as serving similar purpose as test assertions. However the authors, after initially attempting to develop WS-I test suites with Schematron 1.5, had to give up mostly due to its restricted rule execution semantics: there is no support for "logical" rule chaining, and in a pattern only one rule - the first that matches the context - will execute. This form of "if-then-else" chaining  applies to the context matching and not to the result of the rule itself, unlike what is expected in conventional rule-based systems.
  	

  	
  	        Schematron has been designed around the idea that the entity under test is the document, while in our test assertion engine it is before all an XML fragment, subset of some document. Each fragment (target) is systematically identified according to a well-defined scheme for its target type. This identity - defined by an XPath expression - is not only used for detailed diagnostic information in the test report, but is central to the rule chaining mechanism of the test engine, i.e. for deciding of the order of the tests on this target. Schematron allows for detailed and dynamic diagnostic information that has the ability to fully identify a subset of a document, but this does not play any role in the rule processing mechanism. Some valuable convenience feature had to be added to test assertions in the form of variables, for handling of complex Predicate expressions or to parameterize test assertions. Such variables are also supported in Schematron 1.6. On the modeling side, Schematron introduces a hierarchy of constructs (assertion, rule, pattern, phase). In contrast, the presented approach is based on a flat model relying on a single construct - test assertion - composable at different levels, but subject to the same execution semantics.
  	

  	
  	        Although Schematron can be written against any XML document, it is primarily intended for XML instances. Namespace handling becomes difficult when writing rules against an XML schema, and when there is a namespace prefix in a value of an attribute or element. Schemas often need be tested against naming and design rules [5]. Rules are label specific, i.e., there is no inheritance. If there is a type hierarchy, separate rules have to be written for every type even if the intention is the same. In Schematron 1.5 rules cannot be reused or combined programmatically, although ISO Schematron has more provision for reusability such as abstract pattern and include statement.
  	

  	
  	         In conclusion, although Schematron is well-positioned for document validation through its lifecycle and is sufficient for many test cases, it has been designed more in the spirit of validating content in a type-checking mode (an extended schema). Its rules are intended for detecting patterns in documents and not to be executed along a test suite processing model requiring tight control on which tests are executed and when based on previous tests results. We believe the concept of test suite is appropriate when considering a combination of diverse XML artifacts including XML-formatted data of non XML source.
  	

  	
  	OWL

      
	OWL by itself is not a rule or test language. It rather allows for declarative semantic models. The handling and mapping of ontologies is an important aspect of validation [6]. OWL reasoner can determine if there is a conflict based on the characteristics of a particular object instance – in our context, a test target - based on a semantic definition of class membership. OWL's “open world assumption” makes it difficult to use it to validate documents. The open world assumption states that even if an object instance has not declared one of its property, the reasoner cannot assume that it does not exist. Typically, a programming routine needs to be written to “close the world” by explicitly asserting that this object instance has no such property.
      

      
	Because OWL is designed for acceptable computational time, its expressivity has been limited. Even in OWL Full (the most expressive level of OWL language), the semantic expressivity is limited to constraints around cardinalities and a few relationships between class and properties such as transitive, inverse, and uniqueness. Expressing arithmetic relationships between properties is virtually impossible. There are also few reasoner that can perform OWL Full reasoning and more importantly datatype reasoning (particularly user defined datatype necessary to validate against a range of values or a code list). OWL reasoners typically process data in triple representation, which is memory-greedy. Validating a few megabytes of document on a typical desktop with one to two gigabytes of memory almost becomes impossible (industrial strength reasoning engine and memory or storage management - such as Oracle RDF database - would be needed).
      

    
    XBRL

      
	The XBRL conformance test suite is worth consideration more as a typical use case than a reusable tool. It is an example of validating a (set of) complex document(s) with advanced semantics, that must comply with various rules in addition to schema compliance. It also encompasses the testing of processors supposed to produce such documents, illustrating how document-testing and processor-testing are intertwined.
	The “minimal” conformance suite focuses on the document validation while “full” conformance targets XBRL processors. Full conformance involves other documents than the main document being processed, and relies on output documents (Post-Taxonomy Validation infosets) that reflect the processing semantics. Minimal conformance generally contains at least one test for each appearance in the specification of ‘MUST’ that are not already enforced by XML Schema validation.
	The structure of the test suite is based on the OASIS XSL Conformance Suite.  The structure of each individual test is simple:
	

	  	.xsd or .xml input material to the XBRL processor (schema, linkbase, instance)


	  	A test case file (.xml)


	  	An expected output .xml


	

	Each test case is described by a "meta-level" XML file that refers to associated test material. Some XML files are describing the expected outputs for each test case. The overall test engine is an ad-hoc stylesheet that runs the tests. The pass / fail decision for each case is based on the comparison of canonical forms of actual output and expected output.
	 A first assessment allows to conclude that each test case could be scripted as a test assertion. When specialized operations are needed (like file canonicalization using infoset.xsl, or file comparison) these could be wrapped as xsl functions used in the test assertion expressions. Assuming a two-phase testing process (running XBRL processor, then validating results), the test assertion engine described here could handle the validation phase, which relies on XML documents.
      

    
  

  Conclusion

    
      A general-purpose test methodology based on a formal notion of test assertion (originally not intended exclusively for XML input) has proved adequate for the testing of XML artifacts where contextual material of various kinds need be taken into account. When extended and implemented with XML dialects such as XPath2.0 and XSLT2.0, this method has proved more powerful for such XML inputs than dedicated test tools. The resulting test model does not introduce a hierarchy of constructs, but uses a flexible notion of test assertion as the main construct for expressing atomic test results as well as for chaining and composing test units.
    

    
      Another benefit of the proposed approach is to keep XSLT “under the hood” and not make it part of the definition language of test cases. There is also no need to develop an XSLT test program specific to a test suite. This contrasts with ad-hoc test suites such as XBRL’s. With a robust test assertion model, only XPath needs be mastered by test developers.
    

    
      Future plans include standardization of the TAG mark-up and its XPath extension, along with an open-source - style availability of the XSLT-based engine technology that supports it.
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      Abstract
XML, LaTeX, and other structured-document systems are used
	daily by those experienced in computing, and by technical
	authors in many fields. Outside these areas, however, there is
	a widespread lack of adoption, or resistance to these systems.
	This forms a barrier to the creation and use of reliable,
	persistent, unencumbered, and reusable documents, which in
	turn adds a hidden burden to the use of corporate,
	institutional, and personal information.

      This paper reports on a study of the usability of editing
	software for structured documents. It extends the research
	outlined in earlier work [fly06], where it
	was found that there was no essential difference in markup
	operations between any of the editing software tested, and
	that any distinction was possibly more attributable to the
	interaction design of the interfaces.

      The objective is to see if changes to the interface to
	make it user-centered rather than technology-centered could
	result in greater acceptability to authors and editors both
	inside and outside the IT and markup fields, and thereby lead
	to an improved adoption rate of structure-guided writing and
	editing software.

      The earlier analyses of software and features sought by
	users were extended to cover more recent data, and a survey of
	existing users was conducted to determine how the interfaces
	were being used. The results are being applied to construct a
	model of the interface which can be tested for usability
	compared with existing systems.
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    Background

    Writers and editors have until recently used a wide range of
      editing software. In the Humanities, document-based
      collaboration is relatively uncommon [lar06],
      so authors were less constrained by compatibility issues;
      whereas within the IT and scientific communities, the range has
      been smaller, partly because of the need to use specialist
      notations, and partly because of the need to remain compatible
      with co-authors [ang04].  In the wider world
      of writing outside research and academic institutions the
      difference was wider, because writers do not typically form
      homogeneous categories. Not all such software was necessarily
      ideal for the purpose, and much of it has fallen by the wayside
      in the path of technological advance; particularly in the face
      of the predominance of a single operating system and a single
      wordprocessor.

    The onus of interpretation, customization, and rendering of
      publishable material has customarily been the responsibility of
      the publisher or other intermediary, who expends large sums on
      specialist labor for this purpose. However, in some fields,
      publishers have been asking authors for camera-ready copy for
      over 20 years to minimize costs, and the effort involved and the quality
      of these submitted documents has been a cause for complaint on
      both sides [lue07]. Businesses, database publishers,
      libraries, search-engine optimizers, and printers have similar
      concerns: the quality of the documents (in source or
      camera-ready form) is often insufficient for meaningful capture,
      re-use, or formatting [wil95]. The causes are
      many, and have been well-established for many years, but among
      them is a lack of suitable software and lack of author education
      [den86, hec93].

    As we showed in [fly06], there is no lack
      of software as such, only a lack of
      suitable software — for some value of
      suitable described by the respondents. In that
      report, we discussed three principal findings:

    
      	
	In a study of editing software, we found that all XML
	  editors are basically the same XML editor: the facilities
	  provided are virtually identical, and the differences are in
	  the interface to these facilities, such as the depth of menu
	  traversal and the naming of actions, rather than in the
	  facilities themselves. The same is nearly as true of editors
	  for LaTeX, but as the markup can be changed arbitrarily by
	  the author, the manipulations required of the editing
	  software are not mandated or implied by the system as they
	  are with XML. Some specific deficiencies were noted which 
	  inform the adaptations made in The interface is the product.

      

      	
	A survey of expert practitioners in the field of
	  markup-directed authoring and editing (taken to obtain a
	  baseline of recognized problems), we found that the
	  principal criterion for the recommendation of software was
	  familiarity or acceptability to the user, rather than
	  applicability to the tasks, largely because of the
	  difficulties in [re-]training users to an interface seen as
	  less suitable for non-experts.

      

      	
	An analysis of requests to the principal discussion
	  forums on XML and LaTeX asking for recommendations,
	  suggestions, or advice on the selection of editing software
	  was used to estimate the requirements of users. The four
	  most frequently-cited criteria were Cost (free or Open
	  Source software), a WYSIWYG interface, Ease
	  of Use, and Simplicity — over and above any
	  structure-related or markup-related facilities.

      

    

    The investigations into software and user requirements
      (items software and requests
      above) were updated to 2008, measuring more recent applications
      and requests, but this showed that the original findings still
      hold. An additional inquiry was then undertaken to resolve the
      software facilities and the user requirements with actual
      current practice (How authors and editors use their software) and to build a
      model of a user interface to test the findings (The interface is the product).

  
  
    How authors and editors use their software

    The survey of users was constructed to find out what
      software the authors and editors used and how they used it. The
      survey was piloted for a week in April 2006 and the revised
      version made available online between February and April 2008.
      It used the phpESP web survey package, and was publicized via
      the online forums to which it was addressed (the comp.text.tex,
      comp.text.xml, and comp.text.sgml Usenet newsgroups, and the
      XML-L, TeXhax, and LaTeX (Google) mailing lists).

    There were 62 valid responses. All respondents were
      guaranteed anonymity. An estimate of the population (those who
      might have seen the announcements of the survey) is difficult to
      make: the membership of the mailing lists was approximately 700;
      but the readership of the Usenet newsgroups is not knowable, and
      may extend to many thousands. The responses therefore represent
      a small interested sample, and there will have been many readers
      whose interests in XML were in its use for data representation,
      not structured documents.

    Several attempts were made to widen the scope and seek the
      interest of publishers and writers' organisations in
      participating, but all were unsuccessful. The survey does not
      therefore represent the interests of the generality of writers
      but concentrates on identifying how users of structured editing
      software use their interfaces. Further work would be required to
      extend the reach of this enquiry into other fields.

    The questions asked the respondents to describe their way of
      performing a set of actions, which were obtained from the
      requirements expressed in the updated analysis of user requests.
      The available responses in each case were presented as a
      multiple-choice list which was constructed from the updated
      survey of editing software to represent the known
      affordances (ways of doing things which are more
      or less obvious to the user: [gib79]). An
      Other category was also provided, but rarely
      used.
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Figure 1.User Survey: background variablesNumber of subjects by industry and occupation by years
	    of experience and multiple responses to operating
	    system


    A preliminary set of background questions was included to
      see if the responses varied by experience (years), operating
      system, occupation, or document types most commonly used.
      Unfortunately there was insufficient variability among the
      background data for any such effects to be detected, possibly
      due to the nature of an unavoidably self-selected sample (Figure 1, “User Survey: background variables”).

    Most respondents worked principally
      with text documents (77%); other document classes were in the
      single digit percentages. XML and HTML accounted for 44% of
      usage of markup systems; LaTeX, Word, and OpenOffice were
      roughly equal at 13–14% each. Wiki experience was surprisingly
      high at 8% but all others (including SGML) were at 2% or below
      (see Figure 2, “User Survey: Markup types used”).
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Figure 2.User Survey: Markup types usedPercentages of all multiple responses


    The editors most respondents had experience of were oXygen (24%)
      followed by Word (13%), Emacs (11%), and vi (7%) [both used for
      both XML and LaTeX]. Other LaTeX editors accounted for another
      12%. The Arbortext editor rated 6% along with OpenOffice, but
      there was a long tail of other products.

    
      Results

      The questions used a multiple-choice answer format because
	respondents were expected to use (or have used) many different
	systems. This enabled the survey to reflect a much wider range
	of behavior than would otherwise have been the case. In the
	following list, percentages are therefore of all responses to
	the question, not of the number of individuals.

      
	
	  	Creating a new document

	  	
	    The method of creating a new document was divided
	      approximately equally between creating an empty file
	      (31%), emptying an existing document (29%) and using the
	      New Document menu item (28%). Most of the remainder did
	      not find the menu system useful for creating new
	      documents as it was faster to do it by hand.

	    
	      
		[image: ../../../vol3/graphics/Flynn01/Flynn01-003.jpg]
	      
	    

	  

	

	
	  	Adding standard metadata

	  	
	    To add metadata, 34% of responses used markup
	      insertion menus; 28% used fill-in-the-blanks
	      customizations; and 14% typed the markup manually. Most
	      of the rest used preset values or the metadata was
	      determined elsewhere.
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	  	Starting a new sectional division

	  	
	    Nearly two-thirds of new sections were started by
	      positioning the cursor manually and typing or otherwise
	      inserting the markup (63%). Style menus were used in 14%
	      of responses and splitting an existing section in 11%.
	      Only 5% of responses used a New section
	      menu item.
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	  	Styling a document

	  	
	    Nearly half the responses said styling was automated
	      via a stylesheet (47%). The use of a style menu and
	      manual styling were about equal at 15–16%, and for most
	      of the others it was done by a production team. Only 2%
	      of responses mentioned using manual methods like toolbar
	      buttons.
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	  	Moving element content

	  	
	    Moving blocks of text around was overwhelmingly done
	      by cursor highlighting and cut-and-paste. Only 15% used
	      a structure window to select the material. However, 11%
	      said they had to reorganize the markup manually after a
	      move (to promote or demote sectioning).
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	  	Navigating in the document

	  	
	    To navigate around the document, 30% of responses
	      used scrolling and 30% used searching. Only 17% used a
	      structure window, but 13% used keyboard shortcuts rather
	      than mouse controls.
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	  	Adding new elements

	  	
	    To add new block-level material (elements in element
	      content), 35% of responses mentioned manual insertion by
	      keyboard shortcuts or typing; 26% via toolbar buttons;
	      and 21% via the Insert menu. Style-driven addition was
	      listed by 7% and there was another 7% of
	      Other which were
	      application-specific.
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	  	Linking and cross-referencing

	  	
	    For linking items (cross-references, footnotes,
	      citations, and hyperlinks; which are largely
	      mixed-content insertions), 35% again specified keyboard
	      shortcuts or typing, and 23% via toolbar buttons. 21%
	      mentioned having to create the ID target before they
	      could add an IDREF link to it, but 16% used a
	      menu-and-dialog mechanism.
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	  	Viewing the formatted result

	  	
	    Fully 40% of responses did not preview a document in
	      development, and relied on the structuring of the markup
	      to ensure it would be formatted correctly. 14% felt that
	      the synchronous typographic display was adequate as a
	      check, another 14% used toolbar button to show a typeset
	      preview window, and yet another 14% used a browser
	      preview. 11% ran a continuous synchronous previewer and
	      7% relied on a separate production team.
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	  	General approach to markup

	  	
	    On the general question of the respondents' approach
	      to editing, roughly equal numbers (37–38%) were
	      comfortable with a system that allowed them to specify
	      markup without prescription, and with systems than
	      encouraged but did not enforce a specific way of marking
	      up (for example, optional structural-based styling in
	      wordprocessors). However, 20% did prefer a prescriptive
	      system.
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      Respondents were also asked in open-ended questions about
	what features they would recommend to others looking for
	software; what features they found best and worst in their
	software; and for any features they would like to see
	added.

      
      
	
	  	Advice to others

	  	
	    The most important feature was seen as robust
	      compliance with standards (15%). 7% recommended
	      customizability, and 6% felt integration with other
	      systems was important. Level at 4% were Avoid
		WYSIWYG, Avoid Wordprocessors,
	      and Keep it simple (the converse,
	      Use WYSIWYG rated 3%). Again there was a
	      very long tail of other factors, but without significant
	      distinction.
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	  	Most useful features

	  	
	    For usefulness, keyboard shortcuts rated the highest
	      at 14% of mentions. Regular Expression searches followed
	      at 11%, and Integration and Validation features at 8%
	      each. A cluster of editorial functions came next at 5–6%
	      each: context-sensitive or structure-sensitive editing;
	      spell-checking, grammar-checking, and thesaurus;
	      autocompletion; and WYSIWG display. At a lower level
	      (3%) were colored editing, adaptability and
	      customizability, and the quality of formatting,
	      DTD/Schema handling, and cross-referencing. Price and
	      multi-platform availability were not significant at
	      2%.
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	  	Worst features

	  	
	    By contrast, the worst features of editors were led
	      by automated or pre-emptive insertion problems at 20% —
	      wrong types, interference with formatting, refusal to
	      mark up as instructed, or insistence on adding incorrect
	      markup. Validation errors (faulty editors, not faulty
	      documents) followed at 11%, and WYSIWYG problems at 9%.
	      Quirkiness or obtuseness of the interface were rated at
	      7% and 5% respectively (failure to follow established
	      patterns), and matters related to styling and formatting
	      also at 5%. Poor documentation, the need for manual
	      intervention, lack of Unicode support, program
	      stability, and support for different file formats all
	      rated 4%, and there were others in a low long
	      tail.
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	  	Failure to fulfil a task

	  	
	    When asked if they had ever failed to find out how
	      to do something that an editor was actually capable of,
	      35% mentioned the difficulty of finding items in
	      documentation, and 26% mentioned problems in getting an
	      editor's special feature (one of its unique selling
	      points) to work. 13% mentioned trying to overcome
	      unnecessary complexity, and 6% felt that such failure
	      was down to lack of awareness of a product's
	      capabilities. The tail included mathematical features,
	      searching, validation, and WYSIWYG problems.
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	  	Wish list

	  	
	    The opportunity to add to a Wish list led the
	      Other category to account for 27% of
	      responses. Heading the remainder were improved
	      documentation (20%), better WYSIWYG (17%), and better
	      interfaces (13%) and menu systems (10%). The addition of
	      Regular Expressions rated 7% and better access to
	      styling also 7%.
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      Discussion

      In the open-ended questions, and in the
	Other areas of each question, users were able
	to elaborate on their responses. In these, there was sometimes
	extensive and persuasive argument both for and against the
	exposure of markup, the limitation of structural control, the
	adaptability of editing systems (including DTDs and Schemas),
	and the conflict between how a writer perceives interaction
	with a document and how the creator of the editing system
	perceives it. These views — necessarily one-sided, as they
	come from long-term authors with technical understanding,
	rather than from non-technical writers or newcomers (see
	Figure 1, “User Survey: background variables”) — illustrate an important point
	about structure which has not been widely
	considered at a technical level.

      While it is accepted wisdom that structure
	is A Good Thing in all writing (and this has become an article of
	faith in markup theory), there is a difference between what
	markup experts mean by structure and what writers understand
	by it. Both parties accept that there is a framework
	underlying all formal documents, usually in the conventional
	part-chapter-section-subsection hierarchy, with other
	components adduced where needed (principally figures, tables,
	lists, and their derivatives). The differences appear to lie
	in the perception of the relationship of these elements to
	each other.

      The classical theory, derived from computer science and
	graph theory, is that the document is a hierarchical tree
	(actually inverted: a root-system) and that all necessary
	actions can be seen in terms of navigation around the tree,
	and of insertion into and withdrawal from the the nodes which
	form the branches and leaves.

      The conventional writer, however — and we expressly
	exclude the markup expert, as well as the
	experienced technical authors who responded to the survey — is
	by repute probably only marginally aware of this tree; but we
	have been unable to measure this at present. In this view, the
	document is seen as a continuous linear narrative, broken into
	successive divisions along semantic lines, and interspersed
	with explanatory material in the form of figures, tables,
	lists, and their derivatives. From inspection, this appears to
	hold true whether it is a sales report, a novel, a textbook,
	or an academic paper. The terminology used is therefore also
	different: inserting a node into
	the tree has meaning for the document engineer who designs the
	document type or the formatting engine, but is meaningless for
	the writer, who thinks in terms of new chapter
	or add a paragraph.[2]

      This may explain to a considerable extent why the
	anything, anywhere document model in
	commonly-used wordprocessors has become so pervasive: it is
	virtually impossible expressly to allow an object to occur
	only in a specific place, or to forbid one from occurring at
	any point. The interface to such models has become widespread
	precisely because it allows this latitude, regardless of
	whether it makes structural sense or not, and because such
	interfaces are marketed for general-purpose, ad hoc, and
	trivial use, as well as for complex or sophisticated use. This
	is despite the result that in terms of formal structure, all
	wordprocessor documents are in effect a simple series of
	paragraphs one level deep (with a small exception for those
	that group list items in a container or provide containment at
	the mixed-content level).[3]

      It would therefore appear that the lack of adoption of
	structured-editing interfaces could be due to a lack of
	understanding by authors of the tree model, or to a sense that
	it constrains them unreasonably during the writing process.
	But the existence of the tree, and its supervention in the
	interface, are artefacts of the way in which editing software
	has been written, and reflections of the preoccupations of the
	designers and programmers. This is made plain by the fact that
	the interface of structured editors implements the tree,
	rather than implementing a model of the document with which
	the author is more familiar. The use of the synchronous
	typographic interface (popularly, if erroneously, known as
	WYSIWYG) goes some way towards hiding the
	technicalities of tree-based editing, but our objective here
	is to investigate the extent to which it is possible to
	present writers with a model of the document which matches
	their expectations rather than those of
	the document engineer or programmer.

      Taking this view, it is possible that an interface which
	provides the existing markup facilities (from a document
	engineering point of view) but replaces the
	engineering-oriented or technology-oriented approach with one
	more closely matched to the users' expectations, would stand a
	better chance of acceptance among authors. While this has been
	attempted in some recent products, it appears to have
	addressed specific individual demands rather than the general
	principle.

    
  
  
    The interface is the product

    The development of the graphical user interface, common
      support libraries, dynamic data exchange, object linking and
      embedding, context-awareness, and many other related
      technologies, has led to the frequent blurring of the
      distinction between applications for the user. Sending an email
      can now invoke the default wordprocessor as the editor; clicking
      on a hypertext link in a document will open a web browser;
      following a link in a browser will open the (usually)
      appropriate application for the type of file; and a table in a
      document could be provided by an embedded spreadsheet object.

    The commonality of the interface framework (the position of
      the menus, arrangement of the toolbar, and availability of the
      other affordances) increases software reusability and makes it
      easier for the user to carry across skills from one application
      to another; but it also leads users into a state of unawareness
      of exactly which application is active at any one time. This
      also provides one of the building-blocks for the development of
      interface components which are generically grouped under the
      banner of Web 2.0, which attempts to imbue all
      visible objects with the status of an affordance.

    A side-effect of this is that a large number of
      applications, even across platforms, share an increasingly
      common interface framework, and are increasingly expected by the
      users to provide the same affordances. User tolerance for
      differences based on platform, vendor, or application appears to
      be shrinking, such that a new product would have to offer some
      very radically new and valuable feature indeed for it to justify
      breaking the conceptual mold expected by the user.

    Taking into account the expectations of users found in the
      survey above, there is a growing sense that the interface is the
      product, and the product is the interface, regardless of the
      technologies employed underneath. The structure-directed
      document editing model, which requires a foreknowledge or
      awareness of the underlying hierarchical document model, may
      prove to be unsatisfactory in the light of this approach.

    Building on the information gathered in the surveys it was
      possible to construct a list of operations or actions
      (keystrokes, menu items, toolbar buttons) which were seen as
      problematic. This meant either that they were to be handled
      specially or even avoided because of their meaning or ambiguity
      (in the opinion of the expert practitioners); or that they were
      opaque to the user because of terminology, placement,
      expectation, or effect (in the opinion of the users).

    From the requirements of users in the survey of requests to
      the forums, editing software is required by most users to
      be WYSIWYG; that is, to employ a synchronous
      typographic interface with no markup visible to the user.
      Whether or not an editor allows another form of access to the
      markup (tokenized, raw text, breadcrumb, or marching display),
      is not relevant for the present purpose: this is something the
      software creator can choose to do or not to do.

    In all cases it was seen as a priority that the behavior of
      the interface should be what the user expects.
      Where in some cases this becomes context-dependent, it was
      regarded as essential that the behavior should
      not be the simple binary-strict IR or CS
      refusal on the grounds that you can't do that
	here. This was cited on numerous occasions both in the
      surveys and in related discussions as being The Wrong Thing,
      especially when the user's action was seen as perfectly
      reasonable, but simply happened to take place at a time when the
      cursor position indicated otherwise.

    In all cases discussed, it was seen as important to avoid
      asking the user a question in order to determine what is The
      Right Thing unless absolutely essential. Additional interface
      features which learn from past behavior, and which allow
      preferences to be set where there might be ambiguity, were
      considered to be outside the scope of this model. While these
      have been implemented in some systems, the present author is
      unaware of any specifically related to structural editing, and
      this would be an important area for future work.

    It cannot be emphasized too strongly that users, and
      especially intending users, vote with their feet when judging an
      application by its interface. In the absence of compelling
      direction from elsewhere in an organization, and where products
      are essentially comparable in function, an interface's
      appearance as well as its apparent usability are regarded as
      actually being the product.

    By contrast, when functions are widely disparate, and the
      interfaces are roughly comparable, the functions may become the
      product. As we saw earlier, some interfaces fail to afford
      features that do actually exist in the product, and this may
      provide a third effect on the perceived usability.

    In all three cases the quality, behavior, performance, and
      other attributes of the underlying engines and routines may only
      rarely be considered by the individual user except as part of a
      formal evaluation process, and may even then be dismissed in
      favor of the specific attractions of a particular interface. The
      importance of accurate interface usability testing
      before product release cannot therefore be
      ignored: while the market will always have the final say,
      releasing an untested interface is likely to be
      counterproductive.

    The following changes to the interaction are derived from
      the findings of the four enquiries (experts' survey, software
      analysis, user requirements study, and user survey), and will be
      subject to testing in the final phase (see Testing).

    
      Keypresses

      
	The Enter (Return) key

	In most synchronous typographic wordprocessor
	  environments the default action is to end the current
	  paragraph and start a new one (the older conflation of
	  new line and new paragraph has
	  mostly disappeared from wordprocessors but it still present
	  in the less capable web editors). In the case of list items,
	  Enter starts a new item rather than a new paragraph within
	  the same item.

	The behavior in an environment like a list raises the
	  question of how to exit the list environment — how to revert
	  from list-item creation to normal paragraphs — when the
	  markup is invisible. This is critically relevant where the
	  system is unable to allow the placement of the cursor beyond
	  the end of the last environment because no markup is
	  visible.

	The next-paragraph behavior can usually
	  be modified in a stylesheet, so that a given paragraph style
	  (for example, Title) can be programmed to create a new
	  paragraph of another style (eg Author) when Enter is
	  pressed. In tabular matter, it may navigate down a cell, or
	  create a new empty row. In some SGML/XML editors
	  investigated, however, it caused a system beep or the
	  insertion of white-space in mixed content.

	Because of its history, there is an expected
	  down (linefeed) action associated with the
	  key, and the first two examples above conform to this (new
	  paragraph; new item), as does the stylesheet-directed
	  creation of a specific following style, and this is the
	  defined behavior.

	The problem of terminating a list or similar
	  second-level container was partly solved in Emacs
	  psgml-mode, STiLO, and some other editors by detecting a
	  repeated Enter or split-element instruction (C-c RET in
	  Emacs) with no intervening keystroke, and interpreting this
	  as signaling a demand to exit to the next level up in the
	  hierarchy. In STiLO, a third and subsequent presses cycled
	  through all element types available at that level. While
	  this kind of complex behavior is very useful to the expert,
	  it is not easily guessable, and is not obvious to the
	  non-expert. Ctrl-Enter was adopted for this exit
	    container action on the grounds that it is already
	  familiar in the sense of a hard return, and
	  with the possibility that this should be configurable by the
	  user, perhaps via a beginner/expert mode. There appears to
	  be no suitable alternative paradigm from online editing
	  (wikis, blogs, IM) which could be adopted.

      
      
	The TAB key

	Informally, many experts would concur in banning this
	  key altogether by disabling it. Its typewriter-style use to
	  align text with locally-dependent locations across the
	  user's window is a good example of a visual-only
	  instantiation which is not stable.

	In practice it appears to have two valid uses, given its
	  association with the forward direction,
	  especially in tabular matter.

	One use is to navigate forward linearly through markup;
	  that is, from one element or text node to the next in mixed
	  content, identifying its location in a telltale or highlight
	  (this might solve the problem of cursor placement beyond the
	  last text node referred to above); and from one element to
	  the the next in serial order in element content, in effect
	  performing a width-first traverse.

	The other use is as an Insert Table key
	  when outside a table, moving to the next available location
	  where a table make sense; and it would revert to the
	  traditional spreadsheet-style cell-to-cell traverse when
	  inside a table. Both uses were designed to be tested.

      
      
	The spacebar

	Apart from inserting spaces in character data content,
	  there appears to be no other legitimate use for the key in a
	  structured editing environment. Its use as a pager key in
	  Unix-based systems and its adoption by web browsers for a
	  similar purpose, as well as its use as a button or link
	  selector, is be avoided in the current context except for
	  accessibility functions when using the menus and
	  toolbars.

      
      
	Backspace and Delete

	Backward and forward deletion in character data content
	  would operate as expected. When adjacent to a markup
	  boundary, however, it seems reasonable that deletion should
	  continue in the same direction by jumping linearly to the
	  next point where character data exists (if any; attribute
	  values excluded), possibly accompanied by a transient audio
	  or visual warning.

	Another possibility is that when all character data
	  content has been deleted from an element, and all descendant
	  elements are similarly empty, an additional press of one or
	  other of these keys should remove the containing element
	  itself. This would conform to the expectation of deletion
	  associated with both keys, but requires separate testing as
	  it may or may not conform to the user's expectations when
	  content has already been deleted, as the user will be
	  unaware of the existence of any empty markup structure when
	  there is no character data present.

      
    
    
      Menu items

      
	The NEW menu item

	Many writers on interface usability deprecate the use of
	  nouns and adjectives on toolbar and menu labels, and insist
	  that using verbs or attributes allows greater comprehension
	  (the canonical example being [app08]). In many cases they are right, but
	  in the case of software for writing, the terms commonly used
	  (in English) include phrases such as new
	    chapter, new paragraph, or
	  new section, and these are so prevalent a way
	  of expressing the action that they justify being collected
	  under a menu or toolbar button labelled
	  New.

	The first encounter with this is already familiar in
	  many editors as New Document, which allows
	  selection from a set of precompiled DTDs or Schemas. The
	  user indications in the survey were that such a set needs to
	  be very much wider, and must allow a much easier method of
	  adding new document types. (Although that activity is
	  outside the scope of this study, it does have implications
	  for document type and stylesheet designers and for the
	  introduction of a robust means of element type and attribute
	  hint documentation.)

	The use of Insert (which we discussed
	  earlier), or Surround/Enclose,
	  are always restricted to the element types available at the
	  current cursor location (which may be indeterminable by the
	  user when no markup is visible). By contrast, a selection
	  from a New menu moves to the next available
	  location where the selected item can be inserted, if the
	  current location precludes it. If the user asks for a new
	  chapter, and their cursor is currently in the middle of an
	  acronym, they do not mean literally insert the new chapter
	  markup there, or recursively split elements until a valid
	  insertion point is reached; they mean go to the next place
	  where a chapter can start, and start it there.

	When requesting the insertion of inline markup in mixed
	  content, however, Add may be convenient
	  semantic sugar for New (as in add
	    quote, add emphasis). The same
	  principle of next available location would be
	  honored, as such markup can usually occur arbitrarily in
	  mixed content.

	As a corollary to this principle, where a new element
	  has required element content, all
	  required element types must be added, and the focus then
	  returned to the first location of character data. Where
	  there is a required choice, that must be presented to the
	  user (one of the unavoidable occasions, and perhaps a
	  suitable opportunity for the implementation of the first
	  mode of TAB key operation explained above).

      
      
	Formatting controls

	Given that a synchronous typographical editor operating
	  with a stylesheet would not normally have any use for the B,
	  I, and U buttons, nor for the typeface and font-size
	  dropdowns, it is tempting to abolish them completely except
	  when in style-creation mode.

	However, as the user expects to be able to control
	  formatting from the menu and toolbars, the B, I, and U
	  buttons should operate a drop-down of all the available
	  markup which uses those styles in the current stylesheet.
	  For example, as we have pointed out elsewhere, there are at
	  least eight reasons[4] why an author or editor might want to
	  use italics,
	  
    

	    	
	      foreign words

	    

	    	
	      scientific names

	    

	    	
	      emphasis

	    

	    	
	      titles of documents

	    

	    	
	      names of products

	    

	    	
	      mathematical variables

	    

	    	
	      headings

	    

	    	
	      decoration

	    

	  
 and probably as many again for bold and
	  underlining combined [fly02].

	By the same token, the typeface dropdown (restricted to
	  those faces in use by the stylesheet) can be used to select
	  from those elements currently employing those faces; and the
	  font-size dropdown to select those employing those sizes.
	  The effect for the user is identical to the existing usage,
	  and requires no additional mouse-click, only a longer dwell
	  time and a move to select the right usage.

	A similar argument can be made in favor of other visual
	  selectors such as color. In stylesheet-editing mode, if one
	  is provided, the buttons and dropdowns may revert to
	  conventional usage to allow new styles to be constructed or
	  existing ones to be modified.

      
      
	The toolbar

	Many remaining items on a conventional toolbar can to a
	  large extent be replaced by markup-oriented controls when
	  working with a stylesheet, using the principles given
	  above.

	Toolbar items with an application in markup control,
	  such as those for use with tabular setting, can of course be
	  retained largely unchanged, but by the same token they must
	  disappear from the toolbar when the DTD or Schema has no
	  tabular elements: a corollary of providing the user with the
	  best affordances possible is that inapplicable ones should
	  be eliminated.

	The non-markup document controls such as Save, Open, and
	  Print are of course retained in their normal form.

	Additional buttons for cross-reference management,
	  citation, indexing, and other apparatus common in structured
	  formal documents are added where the DTD or Schema provides
	  for such facilities. These are already familiar to many
	  users from reference management software.

	Generic tools such as spellcheckers, thesauruses, and
	  grammar-checkers remain unaffected, but they need to be
	  relevant and up-to-date: a number of applications tested
	  failed to include common technical terms like
	  filetype as well as recent everyday words
	  like blog and wiki.

      
    
    
      Other

      
	Referencing

	For normal cross-references (assuming the ID/IDREF
	  mechanism is used), adding a reference to an existing target
	  is non-problematic, requiring only a pop-up of available
	  targets, or acceptance of a scroll to the target and a click
	  on it). An attempt to add a reference to a non-existent
	  target must create a placeholder for the point of reference,
	  and then require the user to identify the target, completing
	  the resolution when the target is established. In both
	  cases, the stylesheet must know the correct generated text
	  to add at the point of reference, if any, either based on
	  the element type of the target (table number, section
	  number), or as a page number. In all cases, moving the
	  target ID to another element will update all references to
	  it.

	For bibliographic references, the stylesheet must
	  contain sufficient information for the correct formatting
	  style (or choice) according to the conventions of the
	  discipline. A similar behavior to the normal cross-reference
	  action can be assumed when the reference entries are
	  embedded in the document (as is possible with DocBook or
	  LaTeX, for example), but this can be pre-empted by dragging
	  and dropping a reference from an external citation database,
	  either maintained locally like Zotero, Endnote, or BIBTeX,
	  or from suitable data in a browser page on a journal or
	  reference database site; with the ID resolution being
	  satisfied by the inclusion of the referenced item in a
	  suitable format at the end of the document.

      
      
	Mathematics

	The visual control of mathematics poses special problems
	  which have been addressed in several models developed by
	  software writers and vendors (Euromath, Arbortext, LyX,
	  Scientific Word, and others), and is not considered
	  here.

      
      
	Unstructured editing

	Several respondents to the surveys mentioned the need
	  for systems which deduce structure while the author writes
	  without structural controls; for systems which can open
	  documents with broken structure (that is, badly-formed or
	  invalid documents) in order to allow them to be mended; and
	  for systems which allow incomplete but otherwise well-formed
	  or valid documents to be saved for later completion. While
	  these are unquestionably still needed [bir97], and mechanisms for their instantiation
	  have been available for many years [sha95], they are outside
	  the scope of this research.

      
      
	External files

	The use of drag-and-drop is an essential interface
	  component for the inclusion of images, real-time updates,
	  file objects, and other linking actions (like the
	  bibliographic citations mentioned earlier), although
	  traditional attribute entry of filenames and URIs must
	  remain accessible. The embedding of local (file:///) URIs is
	  deprecated for reasons of non-portability, but no viable
	  solution is apparent for standalone usage without widespread
	  adoption of a catalog method (below). The embedding of
	  non-standard methods such as links to OLE objects and local
	  email repositories is a particular difficulty.

	A particular demand was seen for the management of
	  external entities, both parsed and unparsed, as this was
	  given as a deficiency in many editors. The use of XML
	  Catalogs is regrettably under-developed.

      
      
	Character data

	It ought to be unnecessary to mention explicitly, but
	  all visible (printable) keyboard characters — indeed all of
	  the Unicode repertoire — must be accepted without error.
	  With markup hidden, there can be no excuse for markup
	  characters entered from the keyboard being interpreted
	  as markup characters.

	Where letters or symbols from outside the base character
	  repertoire of the document are entered, editors for systems
	  which require additional facilities to handle them (such as
	  LaTeX) must automatically add the relevant modules
	  (packages) to the Preamble (an approximate equivalent to the
	  Internal Subset of an XML document).

      
      
	Editing

	The cut/copy/paste actions applied to character data in
	  text nodes behave as normal. The three-button equivalent
	  mouse actions common in some systems must remain available.
	  Embedded whole-element markup in mixed content is
	  cut/copied/pasted with any marked surrounding character
	  data, but will silently disappear if pasted into a location
	  where that markup would be invalid (see the rules governing
	  Target Markup Adoption below).

	The paradigm of clicking on the start-tag to mark the
	  whole of an element is inapplicable when markup is
	  invisible, and a tree or other diagrammatic representation
	  of the document in a side-pane may be confusing for the
	  non-expert, but an equivalent style-oriented margin similar
	  to Word's allows whole-element selection in element content,
	  as does the three-click selection in Mac OS X.

	Cutting (or copying) whole elements in element content
	  and pasting them elsewhere is subject to the rules of the
	  DTD/Schema in use. If the user attempts to paste the
	  material into a location where the markup would not be
	  permitted (into mixed content, for example), the markup in
	  the clipboard content is removed down to the mixed content
	  level, and the result pasted as mixed content. Pasting
	  whole-element material from element content into element
	  content at a higher or lower level automatically promotes or
	  demotes the container of the clipboard content to a suitable
	  level to be allowed.

	Highlighting across markup boundaries copies the marked
	  character data and any embedded whole-element markup. As
	  mentioned above, cut/copy and paste then work on the text
	  nodes in mixed content and any whole element nodes included
	  in the selection. A principle which we term Target
	    Markup Adoption determines that pasting
	  fragmentary mixed content adopts the style of the target
	  container and not the source style,
	  whereas pasting whole elements (in element content) retains
	  the internal consistency of styling, subject to any
	  inheritance or disinheritance at the target location. This
	  principle is already in partial use in some embedded XML
	  editors designed for web applications.

	An attempt to apply (inline) styling to marked text
	  across element boundaries will surround any text with the
	  appropriate markup where permitted, but leave text unmarked
	  in elements where the relevant subelements cannot be
	  applied.

      
    
    
      Testing

      Implementing this in program code would, in effect, mean
	rewriting a large part of the interface of an existing editor,
	or writing an entire new one from scratch. As this is beyond
	the scope of the research, the Paper Prototyping method of
	testing is being used [sny03].

      This involves preparing sequences of screenshots or
	facsimiles on sheets of paper, and giving test subjects tasks
	which they carry out by indicating on the sheets what action
	they would take. The tester then replaces the sheet with the
	one which shows the result of that action, and the process is
	repeated. A record of the sequences is kept for analysis. The
	use of Personas (constructed psychological profiles of
	canonical users) enables experienced test subjects to match
	responses to those of the target audience. Testing will be
	carried out in the Usability Laboratory of the Human Factors
	Research Group at University College Cork.

      The actions and behaviors are specified as sequences of
	keystrokes or mouse movements, and prepared for testing using
	generated simulations of screenshots (see Figure 3, “Paper prototyping: simulated screenshot of model editor”.

      [image: Paper prototyping: simulated screenshot of model editor]
	  
	  
Figure 3.Paper prototyping: simulated screenshot of model
	  editorUse of the New menu in mixed
	      content


      Duplicates of each screen using the existing interfaces of
	OpenOffice, Word, or oXygen as appropriate will be used for a
	control sample (seeFigure 4, “Paper prototyping: control screenshot using OpenOffice”.

      [image: Paper prototyping: control screenshot using OpenOffice]
	  
	  
Figure 4.Paper prototyping: control screenshot using
	  OpenOfficeInserting a paragraph break


      Testing will be conducted in the autumn of 2009.
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	    text, and when the editor deleted the last endnote of the
	    first chapter, all the remaining chapters vanished from
	    the document.
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         Abstract
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      Introduction

      XPath is a textual language to query XML content. Besides a very convenient way to
         navigate within an XML document through a path system, it provides the ability to make
         various kinds of computation, for example string manipulations or date and time processing.
         Such features are provided as functions, defined in a separate recommendation detailing a
         standard library. It is also possible to use additional defined functions; XSLT and XQuery
         allow one to define new functions directly in the stylesheet or query module. An XPath
         processor also usually provides implementation specific libraries of additional functions,
         as well as a way to augment the set of available functions, these are typically written
         using an API in the same language as the processor.

      This leads to the concept of an extension function. Such a function is not defined by
         XPath, but inspired by XSLT this is defined as any function available in an expression
         although not defined in any recommendation. There are two major kinds of extension
         functions: those provided by the processor itself, and those written by the user. A
         processor can provide extensions to deal with database management for instance, and the
         user can implement any processing he could not write in XPath directly (for instance using
         a complex mathematical library available in Java.) Examples of possible useful extensions
         could provide support for performing HTTP requests, using WebDAV, reading and writing ZIP
         files (like EPUB eBook, Open XML and OpenDocument files,) parsing and serializing XML and
         HTML documents, executing XSLT transforms and XQuery queries, etc.

      Extension functions are very powerful ways to extend XPath functionality. Many
         extensions have been written over the years and by many different people. Reflecting on
         this, it appears almost impossible to create and then share an extension function among
         several processors and to maintain interoperability with them all over time. Extension
         functions provided by processors themselves are not compatible, so that an expression that
         uses them is not portable between processors. It is that situation which has led to the
         creation of a project that would define libraries of extension functions unrelated to any
         single processor, allowing existing processors to choose to implement them natively, or
         allowing a user to install an existing implementation as an external package in their
         processor. In this way it becomes possible to use extension functions already defined and
         implemented, and if not more importantly, to write expressions that become portable across
         every processor that supports the extension or that an implementation was pre-provided
         for.

      This project is EXPath!

   
   
      The project

      EXPath was launched four months ago in April 2009. It is divided into several modules,
         quite independent from each other. The module is the delivery unit of EXPath. It is a
         consistent set of functions providing support for a particular domain, and can be viewed as
         a specific library of functions. Besides the specification of the functions itself,
         implementations can also be provided for various processors. The first module that has been
         defined is the HTTP Client. It provides support to send HTTP requests and to handle the
         responses. This module defines one single function, how it represents a HTTP request and
         response as XML elements and how it can be used to perform requests. Implementations are
         provided as open source packages via the website for a number of processors - Saxon, eXist
         and MarkLogic.

      If there is a need for new extension functions to address missing functionality, a new
         module may be proposed by anyone with the help of other people interested in supporting the
         same features. The first step in this process is to identify precise use cases for the
         desired features, and describe examples of use; this sets the scope of the module and sets
         us on the road to defining specifications. Of course the scope can evolve over time, as
         well as the use case examples, but this gives a formal basis for further discussion.

      Once the use cases have been identified, function signatures and definitions of
         behaviour for the module must be proposed. That proposal is discussed among the community
         through the mailing list, and people interested in this module help to solve issues and
         improve its design. Extensions addressing the same problem might already exist, either as
         part of a known processor, or developed as independent individual projects; this is
         valuable material to learn from during this stage. In parallel with this definition, it is
         encouraged to develop at least one implementation to validate the feasibility of what is
         being specified. Before being officially endorsed as a module, at least two implementations
         should have been provided, to ensure that the specification is not too tightly linked to a
         particular processor.

      Each module has its own maintainer who is responsible for editing the specification,
         leading the discussions and making design choices in according to those discussions.
         Similarly, every implementation of a module for a particular processor has its own
         maintainer. If someone needs the module to be implemented for another processor, they may
         volunteer for that work, and propose an implementation. A test suite for the module should
         be provided and carefully designed to ensure every implementation provides the same
         functionality. The vendor of a processor might also propose a native implementation of a
         module, in which case responsibility for the implementation and ensuring it meets the
         specification and tests lies with the vendor.

      An interesting point about implementing a module is when a processor already provides a
         similar feature through processor-specific extension functions. It may then be sometimes
         possible to reuse the existing extensions through a lightweight wrapper exposing the EXPath
         interface to the user. For instance, the HTTP Client has been implemented for MarkLogic
         Server with an XQuery module using MarkLogic's own HTTP Client set of extension functions.
         This example also shows the limitations of this approach: the implementation is only
         partial, as the MarkLogic's extensions do not provide exactly all the possibilities
         required by the EXPath HTTP Client module. It is thus not always possible to use this
         technique to provide full conformance, but this is a convenient way to quickly provide a
         (possibly partial) implementation.

      Needless to say, lots of work needs to be done, and everyone is welcome to help, at
         every level: writing specifications, writing documentation and tutorials, peer review,
         discussion, coding, testing or simply using the extensions and providing feedback.

      But let's call it a day on the theory, and let's examine some real examples using two
         modules: the HTTP Client and ZIP modules.

   
   
      Two example modules

      Before going through the examples, here is a simple introduction to the modules. The
         HTTP Client module, without any surprise, provides the ability to send HTTP requests and
         handle the responses. The ZIP module provides ZIP files support, either to extract entries
         from them, add new entries, or update entries in existing ZIP files.

      The HTTP Client provides one single function: http:send-request (actually
         it defines four different arities for this function, but this is mainly a convenient way to
         pass some values as separate parameters.) This function has been inspired by the
         corresponding XProc step, p:http-request. This function makes it possible to
         query REST services, Google services, Web services through SOAP, or simply to retrieve
         resources on the Web. The signature of this function (the one-parameter version) is:

      http:send-request($request as element(http:request)) as item()+

      Its parameter is an element representing the request. It is structured as in the
         following sample:

      <http:request href="http://www.example.com/..." method="post">
   <http:header name="X-Header" value="some value"/>
   <http:header name="X-Other"  value="other value"/>
   <http:body content-type="application/xml">
      <hello>World!</hello>
   </http:body>
</http:request>

      The request will result in a HTTP POST, with Content-Type application/xml,
         sent to the specified URI and with a header explicitly set by the user (X-Header:
            some value.) The result is described with another element,
            http:response, that describes the response returned by the server:

      <http:response status="200" message="OK">
   <http:header name="..." value="..."/>
   ...
   <http:body content-type="application/xml"/>
</http:request>

      The structure of this element is not dissimilar to the request element, instead of the
         URI and HTTP method, it contains the status code and the message returned by the server.
         One significant difference as opposed to the request, lies in the way in which the response
         body is returned: the response body element (if any) is only a description of the body. The
         body content itself is returned as a subsequent item in the result sequence (or several
         items in case of a multipart response.) Let's analyse an example in XQuery:

      http:send-request(
   <http:request href="http://www.balisage.net/" method="get"/>)

      This simply sends a GET request to the web server of Balisage. The result of this
         function call is a sequence of two items: the http:result element and the body
         content as a document node (holding an XHTML document):

      <http:response status="200" message="OK">
   <http:header name="Server" value="Apache/1.3.41 (Unix)"/>
   ...
   <http:body content-type="text/html"/>
</http:response>

<html xmlns="http://www.w3.org/1999/xhtml" xml:lang="en" lang="en">
   <head>
      <title>Balisage: The Markup Conference</title>
      ...

      It may sound strange to have a sequence as the result of the function, but this is the
         only way to provide the response description alongside the payload expressed as a full
         document node. This design choice prevents mixing different layers in the same document.
         The body content is analysed based on the content-type returned by the server. If the
         content type is of an XML type it is parsed and returned as a document node, if it is an
         HTML type it is tidied up, parsed and returned as a document node, if it is a textual type
         it is returned as a string, in any other case it is returned as a
            xs:base64Binary item. In the case of a multipart response this rule is
         applied to each part which is then returned as subsequent items after the
            http:response element.

      The ZIP module defines the following functions to read the structure of a ZIP file, to
         create a completely new ZIP file from scratch, and to create a new ZIP file, based on an
         existing file by changing only some entries:

      zip:entries($href) as element(zip:file)
zip:zip-file($zip as element(zip:file)) as empty-sequence()
zip:update-entries($zip, $output) as empty-sequence()

      The first function takes a ZIP file's URI as parameter, and returns a description of its
         structure (its entries) as a zip:file element. This element looks like the
         following:

      <zip:file href="some.zip">
   <zip:entry name="file.xml"/>
   <zip:entry name="index.html"/>
   <zip:dir name="dir">
      <zip:entry name="file.txt"/>
   </zip:dir>
</zip:file>

      Only the structure is returned, not the whole content of each file entry. The function
            zip:zip-file() takes a similar element as parameter, and create a new ZIP
         file based on that content. The element is similar, but in addition it contains the content
         of each file entry, so that the function has all the needed information to actually create
         the whole file. For each zip:entry, the content of the element can be an XML
         document, a string, or binary encoded as a base 64 string (an attribute tells if the
         content has to be serialized as XML, HTML, text or binary.) An existing file can also be
         copied verbatim to the entry, by giving its URI instead of the actual content. An example
         of a zip:file element to pass to this function is:

      <zip:file href="some.zip">
   <zip:entry name="file.xml" output="xml">
      <hello>World!</hello>
   </zip:entry>
   <zip:entry name="index.html" href="/some/file.html"/>
   <zip:dir name="dir">
      <zip:entry name="file.txt" output="text">
         Hello, world!
      </zip:entry>
   </zip:dir>
</zip:file>

      The third function, zip:update-entries() looks a lot like
            zip:zip-file(), but it uses an existing ZIP file to create a new one,
         replacing the entries in the zip:file element in parameter. It then becomes
         possible to use a pattern file, replacing only a few entries, with content computed in this
         expression. To be complete, the module also provides 4 functions to read one specific entry
         from an existing ZIP file, for instance depending on the result of
            zip:entries(). They return either a document node, a string or a
            xs:base64Binary item, following the same rules as
            http:send-request():

      zip:xml-entry($href, $entry) as document-node()
zip:html-entry($href, $entry) as document-node()
zip:text-entry($href, $entry) as xs:string
zip:binary-entry($href, $entry) as xs:base64Binary

   
   
      SOAP Web service client

      EXPath works at the XPath level. But XPath is never used standalone, it is always used
         from within a host language. Among the various languages providing support for XPath, XSLT
         and XQuery have a place of choice, by their close integration with XPath. We will thus use
         XQuery and XSLT to demonstrate complete examples of the functions introduced earlier.
         XQuery's ability to create elements directly within expressions allows for very concise
         examples that are easier to understand. However, where transforming XML trees is fully part
         of the example, XSLT is used instead.

      The first sample consumes a SOAP Web service. The Web service takes as input an element
         with a country code and a city name. It returns an element with a corresponding place name
         and the local short term weather forecast. The format of the request and response elements
         is as follows:

      <tns:weather-by-city-request>
   <tns:city>Montreal</tns:city>
   <tns:country>CA</tns:country>
</tns:weather-by-city-request>

<tns:weather-by-city-response>
   <tns:place>Montreal, CA</tns:place>
   <tns:detail>
      <tns:day>2009-08-13</tns:day>
      <tns:min-temp>16</tns:min-temp>
      <tns:max-temp>26</tns:max-temp>
      <tns:desc>Ideal temperature for a conference.</tns:desc>
   </tns:detail>
   <tns:detail>
   ...
</tns:weather-by-city-response>

      Thus, the XQuery module has to send a SOAP request to the Web service HTTP endpoint,
         check any error conditions and then if everything went well, process the result content.
         These steps fit naturally into three different functions defined within the XQuery module.
         After a few declarations (importing the HTTP Client module, declaring namespaces and
         variables,) the three functions are defined and then composed together:

      xquery version "1.0";

import module namespace http = "http://www.expath.org/mod/http-client";

declare namespace soap = "http://schemas.xmlsoap.org/soap/envelope/";
declare namespace tns  = "http://www.webservicex.net";

declare variable $endpoint as xs:string
   := "http://www.webservicex.net/WeatherForecast.asmx";
declare variable $soap-action as xs:string
   := "http://www.webservicex.net/GetWeatherByPlaceName";

(: Send the message to the Web service.
 :)
declare function local:send-message()
      as item()+
{
   http:send-request(
      <http:request method="post" href="{ $endpoint }">
         <http:header name="SOAPAction" value="{ $soap-action }"/>
         <http:body content-type="text/xml">
            <soap:Envelope>
               <soap:Header/>
               <soap:Body>
                  <tns:weather-by-city-request>
                     <tns:city>Montreal</tns:city>
                     <tns:country>CA</tns:country>
                  </tns:weather-by-city-request>
               </soap:Body>
            </soap:Envelope>
         </http:body>
      </http:request>
   )
};

(: Extract the SOAP payload from the HTTP response.
 : Perform some sanity checks.
 :)
declare function local:extract-payload($res as item()+)
      as element(tns:weather-by-city-response)
{
   let $status := xs:integer($res[1]/@status)
   let $weather := $res[2]/soap:Envelope/soap:Body/*
      return
         if ( $status ne 200 ) then
            error(xs:QName('ERRSOAP001'),
                  concat('HTTP error: ', $status, '-', $res[1]/@message))
         else if ( empty($weather) ) then
            error(xs:QName('ERRSOAP002'), "SOAP payload is empty?")
         else
            $weather
};

(: Format the Web service response to a textual list.
 :)
declare function local:format-result(
            $weather as element(tns:weather-by-city-response))
      as xs:string
{
   string-join((
      'Place: ', $weather/tns:place, '&#10;',
      for $d in $weather/tns:detail return $d/concat(
         '  - ', tns:day, ':&#09;', tns:min-temp, ' - ',
         tns:max-temp, ':&#09;', tns:desc, '&#10;'
      )
    ),
   '')
};

(: The main query, orchestrating the request, extracting and
 : formating the response.
 :)
let $http-res := local:send-message()
let $payload  := local:extract-payload($http-res)
   return
      local:format-result($payload)

      If everything goes well, the result should look like the following:

      Place: Montreal, CA
  - 2009-08-13:  16 - 26:  Ideal temperature for a conference
  - 2009-08-14:  24 - 32:  Enjoy holidays
  ...

      This simple example shows a client call to a SOAP Web service. Given that such Web
         services are usually described by a WSDL service description, it is actually possible to
         automatically generate something like the previous example, but once for all operations
         described in the WSDL. This has been implemented in the WSDL Compiler, an XSLT stylesheet
         that transforms a WSDL file into an XSLT stylesheet or an XQuery module which can then be
         used as a library module. As each WSDL operation becomes a function, the XPath processor
         actually checks at compile time that the namespace URI, function name and parameters are
         correct. Here is the same example but using the module generated by this WSDL
         compiler:

      (: The module generated by the WSDL compiler.
:)
import module namespace tns = "http://www.webservicex.net" at "weather.xq";

(: The main query call the Web service like a function, passing
 : directly its parameters and using its result.
 :)
local:format-result(
   tns:weather-by-city(
      <tns:weather-by-city-request>
         <tns:city>Montreal</tns:city>
         <tns:country>CA</tns:country>
      </tns:weather-by-city-request>
   )
)

      All the HTTP and SOAP details have been hidden, and calling the Web service looks
         exactly like using a library module. Technically speaking, this is the case: only that
         module uses the HTTP extension and has been generated from the WSDL file, so that it knows
         how to communicate with the Web service.

   
   
      Compound Document Template pattern

      This section introduces a new design pattern to generate compound documents based on the
         ZIP format, such as OpenDocument or Open XML, by using a template file. It is particularly
         well-suited to file generation based on transformations from data-oriented document to ODF
         for presentation purpose. Let us take a concrete example, transforming a simple contact
         list to an OpenDocument (ODF) text file (I use ODF as an example here, but the pattern
         could equally applied to other similar formats.) A typical transform of an input
         data-oriented document to an OpenDocument content.xml file can be represented
         by the following workflow (by which a contact list is transformed to ODF using XPath
         technologies, for instance an XSLT stylesheet):
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      The content.xml file is just one file in a whole ODF document. Such a
         document is actually a ZIP file, containing several XML files (the structure of the ZIP
         file in a manifest, the several styles used in other parts, the content...) among other
         files (for instance pictures in an OpenDocument Text file.) For instance, a typical ODF
         text document could have a structure like the following (if you open it as a ZIP
         file):

      mimetype
content.xml
styles.xml
meta.xml
settings.xml
Thumbnails/
META-INF/
   manifest.xml
Pictures/
   d9e69.map.gif
   d9e80.map.gif
   d9e82.photo.png

      So the above transformation requires some post-processing to create the ZIP file that
         bundles all those files into a proper ODF document. In addition, some files depend on the
         way content.xml is generated (for instance the style names it uses) even if
         they could be seen as static files. ODF is a comprehensive and quite complex specification,
         and it could rapidly become complicated to deal with all of its aspects while generating a
         simple text document. This pattern simplifies this by allowing one to create a template
         document using an application like Open Office. In this specific example, this is as simple
         as creating a table, with several columns, where each line is a contact. By using Open
         Office, we can set up all the layout visually, and create one single contact in the table.
         The transform will then extract content.xml from the template file, copy it
         identically except for the fake contact line that will be used as a template for each
         contact in the input contact list. Then the result is used to create a new ZIP file, based
         on the template file, where all entries are copied except content.xml, which
         is replaced by the result of the transform. The general diagram for this pattern is:
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      There are several possible variants: the transform could read some entries from the
         template file, or not; it can generate several different entries or just the main content
         file... But the important point is to be able to create and maintain the overall structure
         and the layout details from within end-user applications for one ZIP-and-XML based format,
         and then to be able to use this template and just fill in the blanks with actual data. Here
         is how the last step (creating a new ZIP file based on the template file by updating some
         entries) can be implemented in XSLT:

      <xsl:param name="content" as="element(office:document-content)"/>

<xsl:variable name="desc" as="element(zip:file)">
   <zip:file href="template.odt">
      <zip:entry name="content.xml" output="xml">
         <xsl:sequence select="$content"/>
      </zip:entry>
   </zip:file>
</xsl:variable>

<xsl:sequence select="zip:update-entries($desc, 'result.odt')"/>

      This ability to manipulate ZIP files opens up several possibilities with ODF.
         Spreadsheets or text documents could for instance be used directly from within XSLT
         stylesheets or XQuery modules as a natural human front-end for data input. But let us
         examine a simpler transformation from a contact list to a text document.

   
   
      Google Contacts to ODF

      Using the http:send-request() extension (introduced above) it is possible
         to access Google's Data REST Web services. It is even possible to write a library to
         encapsulate those API calls into our own reuseable functions. I have written such a library
         for XSLT 2.0, supporting the underlying Data Service, as well as various dedicated
         services, such as contacts and calendar (unfortunately, it is not published yet, but feel
         free to contact me in private, or through the EXPath mailing list if you are interested in
         obtaining a draft version.) Let's take for instance the Google Contacts API, and use
         the contact information it provides to create a contact book in ODF Text format. The
         contact book is a simple table with three columns: a picture of the contact if any, then
         its textual information (name, email, address, etc.) and finally a last column with a
         thumbnail of a Google Map of its neighbourhood:
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      By using the Compound Document Template pattern, it is possible to create this table
         directly in Open Office, by just creating one single row with a picture, a name in bold, an
         email address as a link, other textual info, and a map. Let's save the file in, for
         instance, template.odt. The transform contains three rather independent parts:
         retrieve info from Google, format them into a new content.xml document, then
         create a new result.odt file by updating content.xml and adding
         the picture files:
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      By using an intermediate document type for the contacts, we apply the
            separation of concerns principle to isolate the formatting itself,
         making it independent of the specific Google Contacts format. The get
            contacts and update zip modules use the same kind of
         code shown in previous sections to ask the Google servers on the one hand, and to read and
         update ZIP files on the other hand. The orchestration of those three modules is controlled
         by the main driver: google contacts.

   
   
      Packaging

      XPath and XSLT 1.0 recommendations are ten years old, and still there are very few
         libraries and applications distributed in XSLT. You can find looking around very valuable
         pieces of work written in XSLT like FunctX, XSLStyle, Schematron or of
         course DocBook, but the absence of a
         standardized way to install them tends to slow down their adoption. However, each time one
         has to go through the same process: figuring out the exposed URIs, creating a catalog
         mapping those URIs to the install location, checking whether there are dependencies to
         install, plug the catalog to the cataloging system of her processor or IDE (for each ot
         them,) etc. But there is no homogeneity in the way each project packages its resources and
         it documents the install process.

      It would be nice though to be able to download a single file, to give that file to a
         processor to install it automatically, and to rely only on the public URIs associated to
         XSLT stylesheets, XQuery modules and XProc pipelines. Or with any library of functions,
         including extension functions. Where other languages define packages, core XML technologies
         use URIs. But the concept is the same, and we should only care about those URIs when
         developing, instead of constantly keeping trace of physical files, and installing them
         again and again on each machine we have to work on. Everything else than those public URIs
         should be hidden deep in the internals of a simple packaging system supported by most
         processors, IDEs and server environments.

      There is not already a formal proposal for such a system, but the idea is quite
         well-defined, and there is even an implementation of a prototype for Saxon, supporting
         standard XSLT stylesheets and XQuery modules, as well as extension functions written in
         Java. I have successfully packaged projects like the DocBook XSLT stylesheets, the DITA
         Open Toolkit XSLT stylesheets, the XSLStyle stylesheets, or the FunctX library (for XSLT as
         for XQuery.) The principle is very simple: a graphical application helps you to manage a
         central repository where it installs the libraries, as well as generated XML Catalogs, and
         a shell script wrapper or Java helper class configure correctly Saxon, so you can still use
         Saxon from the command line or from within a Java program. You can then use the public
         import URI of the installed stylesheet to import the components it provides. This is also
         possible with extension functions, even though Saxon does not provide any (simple) way to
         link a URI to an extension function. The trick is to provide a wrapper stylesheet that uses
         the Saxon-specific URI to access extension functions in Java, while providing a wrapper
         function defined in the correct namespace for each exported function from Java:

      <xsl:stylesheet xmlns:http="http://www.expath.org/mod/http-client"
                xmlns:http-java="java:org.expath.saxon.HttpClient"
                ...>

   <xsl:function name="http:send-request" as="item()+">
      <xsl:param name="request" as="element(http:request)?"/>
      <xsl:sequence select="http-java:send-request($request)"/>
   </xsl:function>

   ...

      On the other hand, the stylesheet using the extension function does not rely on any
         detail of its implementation. It uses a public absolute URI to import the library and the
         namespace defined in the specification instead of the Java-bound namespace:

      <xsl:stylesheet xmlns:http="http://www.expath.org/mod/http-client" ...>

   <xsl:import href="http://www.expath.org/mod/http-client.xsl"/>

   <xsl:template match="/">
      <xsl:sequence select="http:send-request(...)"/>
      ...

      Here is how the different pieces fit together:
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      The admin GUI is used to manage the repository (you can use it from the command line
         too.) It can install, remove and rename packages. Once installed, everything needed by a
         module resides in that repository (you can have several repositories, for different
         purposes or projects,) like stylesheets and queries, XML catalogs and JAR files for
         extension functions. The shell script is used to execute Saxon from the command line, while
         the Java helper class is used from within Java programs, for instance in a web application.
         Both do configure Saxon with the appropriate resolvers to locate properly the modules in
         the repository. For instance, you can add the following line to your project's Makefile in
         order to generate the documentation with XSLStyle:

      > saxon -xsl:urn:isbn:978-1-894049:xslstyle:xslstyle-dita.xsl -s:my.xsl

      This is an interesting example as XSLStyle relies on DocBook or DITA (or both.) Let us
         examine how I packaged XSLStyle. The original distribution includes a private copy of both
         DocBook and DITA. This is a bad practice in software engineering, but one has no other
         choice as long as there is no packaging system out there. The first step is thus to remove
         those external libraries, and package them separately. Then we have to define a public URI
         to allow other stylesheets to import the stylesheets provided by this package. This URI
         does not have to point to an actual resource; this is a logical identifier. Following Ken's
         advice, I chose urn:isbn:978-1-894049:xslstyle:xslstyle-dita.xsl, and a
         similar one for the DocBook version. The same way, because we removed the private copies of
         DocBook and DITA, we have to change the XSLStyle stylesheet accordingly, to use public URIs
         in their import instructions. As long as the package for DocBook or for DITA are installed,
         Saxon will find them through the packaging system, by their public URIs.

      Furthermore, because Saxon is a standalone processor and can be invoked from the command
         line directly by humans, the shell script allows you to use symbolic names in addition to
         URIs. URIs are convenient from within program pieces like stylesheets and queries, but are
         not well-suited to human beings. Depending on how exactly you installed and configured the
         package, the above example can be rewritten as:

      > saxon --xsl=xslstyle-dita -s:my.xsl

      This prototype has been implemented only for Saxon so far, but the concept of a central
         repository is particularly well-suited for XML databases as well, like eXist or MarkLogic,
         as they already own a private space on the filesystem to save and organize their components
         and user data. And because the resolving mechanism is built on top of XML Catalogs, any
         serious XML tool or environment (like oXygen) can be configured to share the same
         repository. If this packaging system becomes widely used to deliver libraries and
         applications, we can even think about a central website listing all existing packages,
         allowing for automatic package management over the Internet. Like the APT system for
         Debian, CTAN for TeX or CPAN for Perl. The later inspired in fact the concept and the name
         of CXAN for such a system, thanks to Jim Fuller and Mohamed Zergaoui, which stands for
         Comprehensive X* Archive Network (replace X* with your preferred core XML
         technology.)

   
   
      Conclusion

      EXPath has just been launched, right after XML Prague 2009, and yet there are very
         valuable modules. The most exiting of them being maybe the packaging system. Besides other
         modules defined as function libraries, this system is a good example of a module that is
         not a library, but rather a tool or a framework which various core XML technologies could
         benefit from. Other ideas include nested sequences, useful to define and manipulate complex
         data structures, first-class function items, to define higher-order functions, XML and HTML
         parsers, or filesystem access. Another module under investigation aims to define an
         abstract web container and the way a piece of X* code can plug itself into this container
         to be evaluated when it receives requests from clients, as well as the communication means
         between the container and the user code. Something similar to Java EE's servlets. For now,
         there is no abstract description of the services provided by an X* server environment, like
         an XML database. Given such a description of an abstract container, third-party frameworks
         could be written in an implementation-independent way, like web MVC frameworks and
         frameworks for XRX applications.

      That gives me the opportunity to introduce three sibling extension projects: EXQuery,
         EXSLT 2.0 and EXProc. Without any surprise, their goal is to define extensions to
         respectively XQuery, XSLT 2.0 and XProc. Each of those projects is complementary with
         EXPath, which has been created in the first place to avoid having to specify several times
         the same features, in an non-compatible way.

      There is a bunch of work to define new extensions, to write their specifications, to
         implement and test them, to document them. Everyone is welcome to help on the project (and
         I am sure on the other EX* projects.) Just use the extensions and give us feedback on the
         mailing list: http://www.expath.org/.

      See you soon!
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      Abstract
 When marking up a document we chop it up into elements. Elements are parts of the
        document, some of which contain further elements, i.e., have parts of their own. Thus, the
        part-whole relation is central to the way markup works.

      Mereology is precisely the theory of part-whole relationships, but has not yet found
        much application in markup theory. In this paper we provide a sketch of how mereology, in
        the form more specifically of Nelson Goodman's Calculus of Individuals, might be applied to
        markup.

      We discuss ways of identifying the individuals of marked-up documents and of referencing
        these individuals, and we sketch some ways of applying the calculus to the problem of
        propagation of properties in documents. 
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    Introduction


    XML documents consist of marked elements, which may in turn contain sequences of marked
      elements, etc. This hierarchy of elements is conveniently represented as a tree in which each
      node stands for an element, in which each arc between elements stand for a parent-child
      relationship, and in which the children of each node are ordered sequentially in accordance
      with their document order.

    While it is commonly the case that the generic identifier of an element is understood to
      ascribe a property to the element's content, that elements represented by nodes dominated by
      that element's node in the document tree are also understood to be contained by it, and that
      these nodes are understood to inherit the properties ascribed to their ancestor elements, none
      of this is always or necessarily the case. 

    As we have pointed out elsewhere [bielefeld], the parent-child
      relationship may be taken to indicate either a containment relationship, or a dominance
      relationship. Frequently these relationships coincide, and no harm is caused by not
      distinguishing them. When they do not coincide, however, the result may easily be confusing. 

    One view of the structure of XML documents emphasizing the part-whole relationship is
      this: A document contains elements, i.e., parts. Some of these parts contain further elements,
      i.e., have parts of their own. The generic identifiers of elements ascribe properties to their
      own content and/or to the content of elements related to them by part-whole relationships. 

    Mereology is precisely the theory of part-whole relationships. Even so, mereology does not
      seem to have found much application in markup theory until now. It may therefore be
      interesting to investigate whether the application of mereology may give insights relevant to
      the understanding of interpretation and processing of marked-up documents. 


    

    It is sometimes said that XML provides a formal syntax for document representation, but no
      formal semantics for the interpretation or processing of this syntax. If mereology can be
      brought to bear on the ascription and propagation of properties and relations between parts of
      marked-up documents, it may help in providing a general approach to markup semantics. For
      example, the work presented here may turn out to be of direct relevance for the work on formal
      tag set descriptions and intertextual semantics specifications presented in [balisage2009] and [dh2009].


    Before we proceed, some words on the limitations of this paper are in place. First,
      although our focus is on XML, and although we mention other markup languages in passing, we
      believe that mereology deserves to be studied in relation to markup languages in general (such
      as XML, SGML, TexMecs, LMNL, and others) rather than XML only. We think so partly because
      application of mereology may be equally or more profitable when it comes to some non-XML
      markup systems, and partly because such broader studies might inspire modifications of
      — or alternatives to — any or all of these. We hope to come back to
      applications of mereology to markup more generally in future work. 

    Second, the concept XML document as used in this paper refers almost
      exclusively to XML in its serialized form. We do not explicitly attempt to apply mereology to
      XML documents considered as graphs of xPath nodes, Infoset items, or the like. 

    Finally, we limit ourselves to an attempt to apply the so-called Calculus of Individuals,
      a mereological system worked out by Nelson Goodman [Goodman1977] (initially
      in cooperation with Henry S. Leonard [LeonardandGoodman1940]). As a further
      simplification, and in order to ensure focus, we will ignore XML attributes, entities,
      declarations, comments, processing instructions, and marked sections; in short, we will regard
      XML documents as consisting of elements and their content only . 

  
  
    The Calculus of Individuals

    The origins of mereology go back to ancient Greece, but it was taken up as a formal study
      and developed mathematically only early in the 20th century. Today, it is a well developed
      formal discipline, and there are a number of different mereological systems. The term
      mereology is sometimes used to refer to these formal calculi in particular, sometimes to
      formal as well as non-formalized theories of part-whole relationships in general [Libardi1994, pp. 13–15].

    Early developments of formal mereology were largely motivated by scepticism towards set
      theory and the calculus of classes, and a desire to translate or reduce all
      talk of abstract classes and their members to talk of concrete individuals and their parts.
      Mereology therefore came to be associated with a particular ontological stance, nominalism,
      and to be shunned by most adherents of other ontological views.[1]

    Such ontological considerations may or may not motivate, but do not in any way need to
      concern, our attempt to apply mereology to markup languages, however: later work in the field
      is generally taken to demonstrate that mereology and set theory may live merrily together,
      that in fact the one may be seen as an extension of the other, and that the adoption of
      mereology does not by itself commit one to any particular ontological stance.[2]
    


    
    The part-whole relationships that mereology studies are relationships between entities
      that are, in Goodman's terminology, called individuals. Generally
      speaking an individual may be any thing in a very wide sense of the word
      — a concrete, an abstract, a universal or a particular — i.e., any object
      or entity of which something can be predicated. This is admittedly still pretty general, and
      more specific talk may be in order: As examples of individuals we may take stones, tables,
      chairs, animals and other medium-sized everyday objects; but if we like we may also populate
      our world with individuals such as molecules, atoms, electrons, quarks; or planets, stars and
      galaxies; or for that matter persons, visual after-images, mental images or sense data. If we
      believe in abstract objects we may include numbers, geometrical objects, concepts, etc., and
      according to some applications of mereology there may also be temporal
      individuals such as processes, events, and snippets of time. 

     Individuals need not be contiguous, neither in space nor in time. This is one of the
      principles of the Calculus of Individuals which has provoked some discussion. In its defence
      one may point to the fact that we actually do employ the notion of at least some such
      disconnected wholes in everyday language. Thus, to treat the land mass of Japan
      (or any geographic entity which includes two or more islands) as an individual may seem
      unobjectionable. However, according to another principle, the sum of any two individuals is
      always also an individual. This seems to force us to accept as individuals, i.e.,
        wholes, sums of randomly scattered parts such as Caesar's nose and the
        state of Utah [Goodman1972, p. 37].[3] Goodman bites that bullet, while much of the ensuing debate has been concerned
      with attempts to find ways of distinguishing such scattered and arbitrary sums from more
        cohesive or integral individuals as wholes consisting of parts
      in a more intuitively satisfactory sense. 

    A formal mereological theory takes conventional first-order predicate logic as its basis.
      We will use conventional modern logical notation for quantifiers, operators, predicates,
      variables and constants. More specifically, we will use (x) for universal and
      (∃x) for existential quantification over x; ¬ for negation, →
      for implication, ∨ for inclusive disjunction, ∧ for conjunction, ⇔ for
      equivalence, and = for identity. We use the small roman letters a, b, c... for constants, x,
      y, z... for variables, and upper roman letters A, B, C... for predicates. We will occasionally
      use the conventional abbreviation iff for if and only if.

    The extension which mereology makes to this basis is very modest: In fact the extension
      consists in adding only one single primitive relation to the first-order system. This
      specifically mereological, primitive relation may be chosen from among the
      relations part of, proper part of, discrete from
      or overlapping with. As each of these relations may be defined in terms of any
      of the others, it does not matter much which one we chose as our undefined primitive.[4] With a hopefully obvious appeal to markup theorists, we will follow [Goodman1977] in choosing overlap for our primitive relation.[5]
    

    Variables are taken to range over individuals only, and predicates are taken to ascribe
      properties of or relations between individuals. 

    From a mereological point of view, two individuals overlap iff they
      have some content in common. One consequence of this definition may briefly confuse markup
      specialists: since in an XML document a child element and its parent element have some content
      in common (everything contained by the child is also contained by the parent), it follows that
      in the sense introduced here the child and the parent overlap. That is,
      the term overlap, as used in the calculus of individuals, includes proper
      nesting or normal part/whole relations. 

    Thus, if we think of XML elements as individuals consisting of stretches of consecutive
      character occurrences, and if we consider the following four cases (strictly speaking, the
      first line is not well formed XML and is included only for purposes of illustration):
      
            <s>  <q>   </s> </q>
            <s>  <q>   </q> </s>
            <q>  <s>   </s> </q>
            <s>  </s>  <q>  </q>

      the first three cases exhibit an overlap between elements s and q.
      Only in the last case do the two elements not overlap, i.e., they are discrete. In contrast,
      markup theorists would probably consider only the first case to be one of overlap.


    
    The overlap operator is written ∘. The following
      condition on ∘ captures the intuitive notion of “having some content in
      common,” and we thus take it as an axiom:[6]
      
2.41  x ∘ y  ⇔ (∃z)(w)((w ∘ z) → ((w ∘ x) ∧ (w ∘ y)))

      Any relation satisfying this condition is necessarily reflexive and symmetric (but not
      necessarily transitive).

    We now state further relation and operator definitions, theorems and axioms. Note that not
      all of them belong to all variants of mereological systems; they do, however, belong to ours.

    As already mentioned, the relations part of,
      proper part, and discrete may all be defined in terms of the
      overlap relation.

    Iff x is a part of y, then everything that overlaps x also overlaps
      y:
      
D2.042 x < y =df (z)((z ∘ x) → (z ∘ y))

      The part relation is reflexive, anti-symmetric and transitive. 


     Iff x is a proper part of y, then x is a part of y but y is not a
      part of x:
      
D2.043 x ≪ y =df (x < y) ∧ ¬(y < x)

      The proper part relation is irreflexive, anti-symmetric and transitive.

     Iff x and y are discrete, then they have no part in common, i.e.,
      they do not overlap[7]:
      
D2.041 x ʅ y =df ¬(x o y) 
 The
      discrete relation is irreflexive and symmetric (and thus, non-transitive).



     It is worth noting that identity can be defined in terms of the
      primitive relation:
      
D2.044 x = y =df  (z)((z o x) ⇔ (z o y))


    The product of x and y is the individual which exactly contains their
      common part: 
D2.045 x · y =df (℩z)(w)((w < z) ⇔ ((w < x) ∧ (w < y)))

    The sum of x and y is the individual which contains exactly and
      exhaustively both of them, or, in other words, the individual which overlaps all and only
      those individuals which overlap any of them: 
D2.047 x + y =df (℩z)(w)((w ∘ z) ⇔ ((w ∘ x) ∨ (w ∘ y)))

     The negate of an individual includes everything which does not
      overlap with that individual (i.e., what is often called its complement, or
        the rest of the world): 
D2.046 –x =df (℩z)(y)((y ʅ x) ⇔ (y < z))

    The difference between x and y is what remains of x after we
      eliminate the parts it has in common with y:
      
x – y =df (x · –y)

     There is considerable controversy in the literature over the nil
      individual. The nil individual is the mereological analogue
      of the empty class. If accepted, it is part of any individual. Most mereological systems
      reject its existence, and we will do the same in this paper.[8]

    There is less controversy over the existence of the universal
      individual, i.e., the one individual of which every other is a part — the
        world or the universe as an individual. In our case, we are
      not applying the Calculus of Individuals as a Grand Theory of Everything, but
      limit its application to domains consisting of a single document, to collections (not to say
      sets or classes) of documents, or perhaps to documents and whatever else we may need to take
      into consideration to make sense of what these documents say. So we, too, will endorse the
      existence of a universal individual, customarily denoted by the letter W:
      
W =df (℩x)(y)(y < x)

    Note that, because there is no nil individual:

    
      	
        the product of x and y can possibly exist only if
          x and y overlap,

      

      	
        the difference between x and y can possibly exist only if
            x is not a part of y, and

      

      	
        W (the universe) does not have a negate.

      

    

    However, the following statements hold, either as axioms or theorems, depending on how one
      elaborates the system:

    
      	
        (x)(y)(∃z)(z = x + y), i.e., the sum of any
          two individual exists (that is, is an individual),

      

      	
        (x)(y)((x ∘ y) ⇔ (∃z)(z = x
            · y)), i.e., the product of any two individuals exists iff they
        overlap,

      

      	
        (x)(¬(x = W) ⇔ (∃z)(z = –x)),
          i.e., the negate of an individual exists iff the individual is not the universe,
        and

      

      	
        (x)(y)((¬x < y) ⇔ (∃z)(z = x
            – y)), i.e., the difference between any individual x and any
          individual y exists iff x is not a part of
        y.

      

    

    
    
    Do all individuals have parts, or are there some individuals which are not further
      divisible into parts? Whether we take the one or the other position may have wide-reaching
      consequences for other properties of a mereological system, and the literature abounds with
      discussion on the subject. Given our domain of application, however, we believe that any
      system will have to be atomistic — on none of our analyses will
      documents have parts below character-level, or at least we foresee no need to talk about parts
      of characters.
      
      So we may simply add the axiom of atomicity to our system right away:
      
(x)(∃y)((y < x) ∧ ¬(∃z)(z ≪ y)) 

        [CasatiVarzi1999, p. 61] 

    
  
  
    The Calculus applied to XML

    What might it mean to apply the Calculus of Individuals to XML documents (or, for short,
        to XML) and what purpose might such an application of the calculus serve? A
      preliminary answer to the first question is that an application of the Calculus of Individuals
      to XML would require us to decide which entities to count as individuals, to decide which of
      these are to count as atomic individuals, as well as which properties they can have and which
      relations hold between them. Given the Calculus of Individual's rules of composition,
      different decisions on these issues will bring us to recognize the existence of individuals
      which may or may not coincide with established ways of viewing the structure of XML documents.
      Identifying rules which replicate such conventional views is, if possible, in itself of
      interest. Identifying rules which provide alternative views of XML documents may be of even
      greater interest, at least if they also suggest alternate and useful ways of analysing the
      parts of a document, of addressing them, and of how to ascribe properties of and relations
      between parts of a document. 

    A preliminary answer to the second question has thus already been suggested: We suspect
      that an application of the Calculus of Individuals to XML might suggest ways of identifying
      and addressing parts of a document which in some cases, or for some purposes, would be more
      convenient or more powerful than existing methods such as SAX, DOM or xPath. We also suspect
      that some application of the Calculus of Individuals to XML might suggest ways of dealing with
      what is sometimes called the semantics of XML, i.e., how to understand XML
      documents in terms of properties ascribed to and relations indicated between the various parts
      of them indicated by the markup. 

     In what follows we have nothing but tentative answers to the general questions just
      posed. Trying to answer the first question, we will present different ways of applying the
      Calculus of Individuals to XML. We will also explore some of their implications for answers to
      the second question. The explorative nature of our work should be emphasized: We do not want
      to suggest that these are the only, or the best, ways of applying the Calculus of Individuals
      to XML, nor do we suggest that we have identified all or even the most important implications
      of the approaches that we consider. 

    Therefore, each of the following sections begins by suggesting a different answer to the
      question Which are the individuals of a marked-up document? First, we consider
      the possibility that the individuals simply are XML elements. Next, we go down one step in
      level of granularity and identify tags and character strings as individuals. Finally, we
      proceed to a still finer level of granularity in order to see what happens if we recognize
      individual characters as atomic individuals, and distinguish between different kinds of
      individuals built from these atoms. 

    
      The element-as-individual approach

      What to count as individuals is a matter of choice, a choice which must be made on the
        basis of such criteria as naturalness, convenience, expressiveness, simplicity, etc. We
        begin by simply assuming a one-to-one matching between the elements of
        an XML document and the individuals of our calculus. On this assumption, consider the
        following simple XML document:
        
(1) <para>A <quote>rose</quote> is <emph>a</emph> rose.</para>

      If each element is an individual, then (1) itself, as well as the elements
        
(2) <quote>rose</quote>
(3) <emph>a</emph>

        are individuals. Now, the sum of any two individuals must (by our mereological axioms) be an
        individual. Thus, the sum of (2) and (3) must be an individual and, by our hypothesis, an
        XML element. No matter what model we have in mind for XML elements and documents, it is hard
        to imagine a way in which the sum of (2) and (3) could be an XML element — it
        would be at best two!

      In fact, the goal we have set ourselves here turns out to be self-defeating: It is not
        possible to identify XML elements with individuals, without accepting as individuals parts
        of the document which are not XML elements. In other words, if all XML elements are
        individuals, then some XML documents necessarily give rise to individuals which are not XML elements.[9]
      

      
      An obvious fix would be to retain the decision that every element is an individual, but
        allow for composite individuals having more than one element as their parts. This would
        solve the problem of sums, but others would remain (e.g., what elements can the difference
        (1) – (2) be the sum of?). Even taking the closure of elements under sum and
        difference would still not solve a granularity issue in handling text content: Take, for
        example, the strings 
          A 
        , 
           is 
        , and 
           rose.
        ; any given individual would contain either all three or none. There would be no way
        to separate those strings.

      Another issue is that the definition of parthood implies nothing about the ordering of
        parts, resulting in the fact that individuals are
        unordered. Thus, there is no way in our approach to say, for example, that (2)
          occurs before (3).

      The Calculus of Individuals offers in itself no way of defining ordered pairs [10] — and thus, relations — as individuals. However, relations
        can be represented by predicates on individuals. Thus, we
        can order (either totally or partially) our individuals by defining an appropriate binary
        predicate corresponding to the desired relation.

      If we think of individuals as corresponding to objects in an XML data model, and if that
        model allows serializations in which no two distinct elements or characters start at the
        same offset in a serialization[11] (we will need to deal with characters in later sections), then we can induce a
        total ordering of the individuals that correspond to elements and characters, based on the
        total order among the offsets of their XML counterparts in the serialization. We call that
        order relation document order.

      
      Throughout this paper, we assume that document order exists and is well
        defined.



      
      So far we have assumed that XML elements containing no sub-elements have no parts, i.e.,
        that they are atoms in our system. A solution may perhaps be to recognize a more generous
        set of individuals. But before we proceed to investigate this, we pause to make a couple of
        observations on other characteristics of the element-as-individual approach.

      
        	
          The lack of a fine enough granularity prevents a satisfactory treatment of strings,
            let alone parts of strings. 

          However we could regard a string as a property of an individual. Thus, although we
            cannot strictly speaking say that in (1) the string rose is a part of the
            string A rose is a rose., we could say that an individual having the
            string rose as a property is part of an individual having the string
              A rose is a rose. as a property. Note that the strings rose
            is or ose i would not be properties of any individual,
            and thus not a part of the document even in this extended sense. 

        

        	
          Building a tree structure in which each node is an individual (i.e., an element), in
            which each arc represents a whole-part relationship, and in which the children of each
            node are ordered in document order, produces a tree which is almost identical to the XML
            tree for the same document, except for PCDATA leaf nodes of mixed content elements,
            which would be lost.[12] (However empty element leaf nodes would appear in the tree.)

        

      

    
    
      The tags and PCDATA approach

      Moving one step down in level of granularity, we might take tags and PCDATA
          strings delimited by tags as atomic individuals. Thus (1) would contain the
        following 11 atomic individuals:
        
<para>
A 
<quote>
rose 
</quote>
 is 
<emph>
a
</emph>
 rose.
</para>

        From these, we might compose composite individuals such as, for example:
        
<para>
<para>A 
<para>A <quote>
<para>A <quote>rose 
A rose
A  rose.
rose a
<para>A <quote>
A <quote>rose </quote> is <emph>
rose </quote>  rose.</para>

        As a matter of fact, (1) would give rise to no less than 211-1 =
        2047 individuals on this account (-1 because there is no nil individual) — in the interest of the reader we do not list all of
        them here. Only a handful of these individuals would be well-balanced XML fragments, of
        course.

      A total order relation on the atomic individuals based on document order could be
        defined, as in the preceding section. Note that in this case, the sequence of ordered atomic
        individuals is isomorphic to the sequence of events identified by a SAX-like XML
        tokenizer.

       Observe that although many of the  individuals
        could be identified or referenced using xPath or similar XML-aware mechanisms, many of them
        could not. In particular, tag atoms could not (or, at least, it is unclear how and in what
        sense they could). However, the interest of being able to refer to tags individually is not
        obvious. Also, since strings are atoms, it is still impossible to handle parts of strings:
          ose i is still not an individual. Therefore, we do not pursue this avenue
        any
        further.
      

    

    
      The character-atom approach

      
        The approach



        Finally, and moving one further step down in the level of granularity, we take
            character occurrences as the atomic individuals in our application
          of the calculus. For the sake of conciseness, we will use character as a synonym for character
          occurrence, except where confusion might
          arise.
        

        The type of a character occurrence is represented in
          our system by a property of that character occurrence. So any atom (i.e., character
          occurrence) has the property of being an a, or a b, or a
            c, etc., thus populating our vocabulary with one predicate for each of
          the characters of the writing system at hand.[13]
        

        We define a total order relation on atoms, based on document order, represented by the
          predicate PA(x, y), true iff x precedes y in
          document order (“P” stands for “precedes” and “A” indicates it is a predicate on atoms).
          The transitive reduction of PA is represented by the predicate NA(x,
          y), true iff x immediately precedes y in document order
          (“N” stands for “next” and “A” indicates it is a predicate on
          atoms).

        
        Since characters are atomic individuals, all individuals which can be composed on the
          basis of the characters of a document are also individuals, i.e., composite individuals.
          Composite individuals of special interest for our purposes are
          strings. We define strings as individuals which are either atoms, or
          the sum of atoms consecutive in NA order. A string that consists of only one
          character is (also) an atom. There is no such thing as an empty string
          (which would have to be the nil individual). Note that
          strings constitute a tiny fraction of all existing individuals.

        Some strings are of particular interest to us. We define a molecular
          string (or molecule) as a string that is
          delimited on both sides (in the serialization underlying document order) by a tag, with no
          other tag intervening in between. A total ordering of molecular strings, represented by
          the predicate P(x, y), is trivially derived from the ordering of atoms
          (itself based on document order). The transitive reduction of P is
          represented by the predicate N(x, y). (“P” stands for “precedes” and “N” for
          “next”.)
          


         We define an elemental string as a string delimited by the
          matching tags of an XML element (there may be intervening tags). We do not rely on any
          ordering of elemental strings.
          

        For any given string x, we define (for convenience only) the
            label of x as the sequence of the types of the atoms
          composing x, in NA order. That is, for example, a string is
          labelled rose (or has the label rose) iff it is the sum of
          atoms of types r, o, s, and e,
          and those atoms are NA-ordered so that the one of type r comes
          first, the one of type o comes second, etc.

        While it might have been plausible to treat tags as a special kind of strings, and
          build elements and nodes with their ordering and parent-child relationship in a way
          similar to that suggested in the tags and PCDATA approach above, instead, we shall regard
          tags simply as delimiting certain string individuals, and ascribing properties to (or
          relations between) those individuals.


        
        
         We can now read (1) as follows: 

            	
              There are 17 atomic individuals. Their ordered sequence of types is:
                A,  , r, o,
                  s, e,  , i,
                  s,  , a,
                 , r, o, s,
                  e, and ..
                
              

            

            	
              There are five molecular string individuals. Their ordered sequence of labels
                is: A , rose,
                 is , a, and
                 rose.. 
                
              

            

            	
              There are three elemental string individuals, labelled A rose is a
                rose., rose and
                a.
              

            

            	
              The elemental string labelled A rose is a rose. has the property
                indicated by the generic identifier <para>. 

                  	
                    Note that this does not imply that any of its parts, such as the molecular
                      strings labelled A , rose, etc., has
                      this property.

                  

                

            

            	
              The elemental string labelled rose has the property indicated by
                the generic identifier <quote>.

              
            

            	
              The elemental string labelled a has the property indicated by the
                generic identifier <emph>. 

                  	
                    Here we have an example of an atom which is also a molecule and an
                      elemental string.
                      

                  

                

            

          


        We introduce the following predicates: 


  Table 1
    
      	Predicate 
      	Meaning
      	Range of x and y
    

  

  
    
      	
    

    
      	NA(x,y) 
      	next after x is y (or, x immediately precedes y)
      	atoms
    

    
      	 PA(x,y) 
      	x precedes y
      	atoms
    

    
      	N(x,y) 
      	next after x is y (or, x immediately precedes y)
      	molecules
    


    
      	 P(x,y) 
      	x precedes y
      	molecules
    

    
      	A(x) 
      	x is atomic
      	any
    

    
      	M(x) 
      	x is molecular
      	any
    

    
      	E(x) 
      	x is elemental
      	any
    

    
    
      	ccc(x) 
      	x has the property assigned by ccc (where ccc is an XML generic identifier) 
      	any
    

    
      	T("c",x) 
      	x is of type c (where c is a character type) 
      	atoms
    

    
      	L("ccc",x)
      	x is labelled ccc (where ccc is a sequence of character types)
      	any
    

  





        The last two predicates (T and L) are to be regarded as notational convenience features.[14] We are ignoring potential problems of name conflicts in this presentation
          (which would arise e.g. in the case of a document containing XML generic identifiers
            A, M or E). 

      
      
        Examples


        We assign the identifiers i01, i02, i03, etc. [15] to individuals of (1) and state some facts about them as follows:
 

    Table 2	T("A",i01) 	A(i01) 	NA(i01,i02)

    	T(" ",i02) 	A(i02) 	NA(i02,i03)

    	 	 	

    	T("r",i03) 	A(i03) 	NA(i03,i04)

    	T("o",i04) 	A(i04) 	NA(i04,i05)

    	T("s",i05) 	A(i05) 	NA(i05,i06)

    	T("e",i06) 	A(i06) 	NA(i06,i07)

    	 	 	

    	T(" ",i07) 	A(i07) 	NA(i07,i08)

    	T("i",i08) 	A(i08) 	NA(i08,i09)

    	T("s",i09) 	A(i09) 	NA(i09,i10)

    	T(" ",i10) 	A(i10) 	NA(i10,i11)

    	 	 	

    	T("a",i11) 	A(i11) 	NA(i11,i12)

    	 	 	

    	T(" ",i12) 	A(i12) 	NA(i12,i13)

    	T("r",i13) 	A(i13) 	NA(i13,i14)

    	T("o",i14) 	A(i14) 	NA(i14,i15)

    	T("s",i15) 	A(i15) 	NA(i15,i16)

    	T("e",i16) 	A(i16) 	NA(i16,i17)

    	T(".",i17) 	A(i17) 	

    	 	 	

    	i18=i01+i02 	M(i18) 	N(i18,i19)

    	i19=i03+i04+i05+i06 	M(i19) 	N(i19,i20)

    	i20=i07+i08+i09+i10 	M(i20) 	N(i20,i11)

    	 	M(i11) 	N(i11,i21)

    	i21=i12+i13+i14+i15+i16+i17 	M(i21) 	

    	i22=i18+i19+i20+i11+i21 	 	

    	 	 	

    	L("A ",i18) 	 	

    	L("rose",i19) 	E(i19) 	quote(i19)

    	L(" is ",i20) 	 	

    	T("a",i11) 	E(i11) 	emph(i11)

    	L("rose.",i21) 	 	

    	L("A rose is a rose.",i22) 	E(i22) 	para(i22)

    





        The same information may be presented more conspicuously in the following table,
          listing for each individual its identifier, its type, its label, the kind of individual it
          is (A for atoms, M for molecular and E for elemental strings), its assigned properties
          (i.e., properties assigned by an XML generic identifier), its next atom or molecular
          string and its immediate proper parts. [16] 


    Table 3	Id 	Type 	Label 	Kind 	Assigned property 	Next atom 	Next molecule 	Immediate parts

    	i01 	"A" 	 	A 	 	i02 	 	

    	i02 	" " 	 	A 	 	i03 	 	

    	i03 	"r" 	 	A 	 	i04 	 	

    	i04 	"o" 	 	A 	 	i05 	 	

    	i05 	"o" 	 	A 	 	i06 	 	

    	i06 	"e" 	 	A 	 	i07 	 	

    	i07 	" " 	 	A 	 	i08 	 	

    	i08 	"i" 	 	A 	 	i09 	 	

    	i09 	"s" 	 	A 	 	i10 	 	

    	i10 	" " 	 	A 	 	i11 	 	

    	i11 	"a" 	"a" 	A M E 	emph 	i12 	i21 	

    	i12 	" " 	 	A 	 	i13 	 	

    	i13 	"r" 	 	A 	 	i14 	 	

    	i14 	"o" 	 	A 	 	i15 	 	

    	i15 	"s" 	 	A 	 	i16 	 	

    	i16 	"e" 	 	A 	 	i17 	 	

    	i17 	"." 	 	A 	 	 	 	

    	i18 	 	"A " 	    M 	 	 	i19 	i01, i02

    	i19 	 	"rose" 	    M E 	quote 	 	i20 	i03, i04, i05, i06

    	i20 	 	" is " 	    M 	 	 	i11 	i07, i08, i09, i10

    	i21 	 	"rose." 	    M 	 	 	 	i12, i13, i14, i15, i16, i17

    	i22 	 	"A rose is a rose." 	         E 	para 	 	 	i18, i19, i20, i11, i21






        The elemental strings i22, i19 and i11 correspond to the XML elements (1)-(3) in a
          fairly straightforward way, and can now be identified for example as follows:
          
i22 = (℩x)(para(x) ∧ E(x))
i19 = (℩x)(quote(x) ∧ E(x))
i11 = (℩x)(emph(x) ∧ E(x))


        The non-elemental molecules i18, i20 and i21 can be identified for example as follows:
          
i18 = (℩x)(∃y)(quote(y) ∧ N(x,y))
i20 = (℩x)(∃y)(emph(y) ∧ N(x,y))
i21 = (℩x)(M(x) ∧ ¬(∃y)N(x,y))


        Although in this particular case the denoting expressions identifying individuals are
          fairly simple, identifying individuals by means of denoting expressions may in general
          become rather tedious. For example, in any document with more than one individual assigned
          the property quote, the denoting expression identifying individual i19 above would return
          the sum of all those individuals.

        

        So although we have shown that all atoms, molecular and elemental strings
          of (1) can be identified by our relatively straightforward
          application of the Calculus, some of the above examples draw on the simplicity of the
          example and are rather ad hoc. Therefore, before we proceed to discuss how the Calculus
          can be used to make statements and make inferences about a document, we introduce a
          slightly more complicated (and also more realistic) example. 


        Consider the following XML document:
          
<?xml version="1.0" encoding="UTF-8"?>
<doc> 
    A rule:
    <list>
        <item>First:</item>
        <item>
            <list>
                <item>think,</item>
                <item>decide.</item>
            </list>
        </item>
        <item>Then:</item>
        <item>
            <list>
                <item>act,</item>
                <item>regret.</item>
            </list>
        </item>
    </list>
</doc>


        Once again we provide identifiers for individuals of the document and present their
          properties and relations in tabular form, but this time we include only the molecular and
          elemental individuals: [17]


Table 4	Id 	Label 	Kind 	Assigned property 	Next molecule 	Immediate parts

	i01 	A rule:  	M 	 	i02 	

	i02 	First: 	M E 	item 	i03 	

	i03 	think, 	M E 	item 	i04 	

	i04 	decide. 	M E 	item 	i05 	

	i05 	Then: 	M E 	item 	i06 	

	i06 	act, 	M E 	item 	i07 	

	i07 	regret. 	M E 	item 	 	

	i08 	 	E 	list, item 	 	i03, i04

	i09 	 	E 	list, item 	 	i06, i07

	i10 	 	E 	list 	 	i02, i08, i05, i09

	i11 	 	E 	doc 	 	i01, i10






        Note that the individuals i08 and i09 are each represented as one individual with two
          assigned properties, rather than as two individuals each with one property. The difference
          between this representation and the conventional XML representation can be illustrated by
          juxtaposing a conventional XML tree of the document (to the left) and what we might call a
          mereological graph (to the right):[18]
          

            
              [image: ../../../vol3/graphics/Huitfeldt01/Huitfeldt01-001.jpg]
            
          

        Because of our decision not to count tags as part of the document, all coextensive XML
          elements will be represented as one elemental individual. The nesting order of these
          elements in the XML document will not be preserved in this representation. [19]
        


        As before, we can use denoting expressions to refer to any part of the document, for
          example:
          
i01 = (℩x)¬(∃y)N(y,x)
i02 = (℩x)(item(x) ∧ ¬(∃y)(item(y) ∧ P(y,x)))
i03 = (℩x)(∃y)(∃z)(w)(v)
      ((x ≪ y) ∧ list(y) ∧ 
      (y ≪ z) ∧ list(z) ∧
      (N(w,x) → ¬(w ≪ y)) ∧ 
      (N(v,w) → ¬(v ≪ z))) 
i09 = (℩x)(∃y)(∃z)
      (list(x) ∧ (x ≪ y) ∧ list(y) ∧
       list(z) ∧ (z ≪ y) ∧ ¬(x = z) ∧ P(x,z))

      
      
        Statements and inferences



        We can also use the Calculus to make statements about the document —
          unquantified, such as (1)–(4), or quantified, such as (5)–(8):
          
(1) list(i09)
(2) item(i09)
(3) i07 ≪ i09
(4) i09 ≪ i10
(5) (x)(y)((list(x) ∧ item(x) ∧ (y ≪ x)) → item(y))
(6) (x)(y)((list(x) ∧ item(x) ∧ (x ≪ y)) → (list(y) ∨ doc(y)))
(7) (x)(item(x) → (∃y)((x ≪ y)  ∧ list(y)))
(8) (x)(item(x) → (∃y)(∃z)
   (item(y) ∧ list(z)  ∧ (x ≪ z) ∧ (y ≪ z)  ∧ ¬(x = y)))

          In order to avoid unnecessary misunderstanding, it should be pointed out that
          (1)–(8) are descriptive statements about this particular document. (In other
          context, such as for example situations where we wanted to express general constraints on
          document structure, we might of course also want to state facts about document
            types, but that is not our issue here.) 


        From the statements we can make inferences, such as for example:
          

(9) item(i07)
     [From (1), (2), (3) and (5).]
(10) list(i10) ∨ doc(i10)
     [From (1), (2), (4) and (6).]
(11) (∃y)((i09 ≪ y) ∧ list(y))
     [From (2) and (7).]
(12) (∃y)(∃z)(item(y) ∧ list(z) ∧ (i07 ≪ z) ∧ (y ≪ z) ∧ ¬(i07 = y))
     [From (8) and (9).]

      
      
        Conclusion


        We have shown that strings composed of characters defined as atomic individuals can be
          identified and referenced by denoting expressions, that the Calculus can be used to
          describe the part-whole relationships and ordering relations between parts of the document
          as well as the properties ascribed by generic identifiers. We have also shown that this
          application of the Calculus can be used for making statements about documents and for
          drawing inferences from these statements.


        The approach chosen here has at least two obvious problems, or shortcomings; one
          concerns the representation of coextensive elements, one relates to the representation of
          empty elements. Before we discuss these problems, however, we would like to assess one of
          its possible merits. In the next section, we will therefore sketch how this application of
          the Calculus can be used for the formulation of rules for propagation of properties among
          the parts of a document.

      


    
  
  
    Property Propagation — a Sketch


    We have assumed that the generic identifier of an element may be seen as assigning a
      property to the PCDATA content of that element, and not to any proper part of that PCDATA
      content. But sometimes, the meaning of the markup is such that that property is not assigned
      (or not only assigned) to the contents of the element itself, but also to all or some of its
      descendants, or to all or some of its ancestors, or to one or more of its siblings, or to only
      specific other elements. Furthermore, what is assigned to the element or elements in question
      may be not a monadic property, but a relation of them to other elements in the same document,
      or even to document elements or other entities outside that document. Thus, the propagation of
      properties ascribed by the generic identifier of an element may follow a large diversity of
      patterns.

    Using examples from the TEI and HTML encoding schemes, we will show that some of these
      patterns can conveniently be described by means of our application of the Calculus. We will
      first address some of the general distribution patterns identified by Nelson Goodman, which
      seem to represent important aspects of the intended semantics of certain TEI or HTML element
      types. We will then proceed to more complicated examples.



    
      Dissective and anti-dissective properties


      As mentioned, in our application of the Calculus so far we have assumed that the
        property designated by the generic identifier of an XML element is assigned exclusively to
        the individual delimited by the start and end tags of the element, and not to its parts.
        This seems plausible enough for a number of element types, such as paragraphs, list items
        and titles. For example, a part of a paragraph, a list item or a title is not in general
        itself a paragraph, a list item or a title.

      TEI element types such as <hi> (highlighting)[20] or <add> (added), however, do not seem to follow this rule. Every
        part of a highlighted or added element is itself presumably highlighted or added. Other
        examples may be <del> (deleted) and <foreign>. The HTML element
        type <i> (italics) may provide an even clearer example here — every
        part of an italicized element is itself in italics. 


      According to Goodman, a ... predicate is ... dissective if
          it is satisfied by every part of every individual that satisfies it [Goodman1972, p. 38]. A dissective one-place predicate is defined as
        follows:
        
F is dissective iff (x)(y)((F(x) ∧ (y < x)) → F(y))


      Consider the following document fragment:
        

<s>We
   <add>, as all 
      <del>purely <hi>human</hi> and</del> 
   finite beings,
   </add> 
are all fallible.</s>

        As earlier, we represent the properties of this fragment in tabular form. From now on,
        however, in stead of indicating assigned properties for each individual we
        will list relevant statements (some of which may be inferences from statements about the
        properties of other individuals): 


Table 5	Id 	Label 	Kind 	Statements 	Next 	Parts

	i01 	We 	M 	 	i02 	

	i02 	, as all  	M 	 	i03 	

	i03 	purely  	M 	 	i04 	

	i04 	human 	M E 	hi(i04) 	i05 	

	i05 	 and 	M 	 	i06 	

	i06 	 finite beings, 	M 	 	i07 	

	i07 	 are all fallible. 	M 	 	 	

  
  	i08 	 	E 	del(i08) 	 	i03, i04, i05

  	i09 	 	E 	add(i09) 	 	i02, i08, i06

  	i10 	 	E 	s(i10) 	 	i01, i08, i09, i07






        However, if we add the following statements
        to the effect that the properties add, del and hi are dissective:
        
(x)(y)((add(x) ∧ (y < x)) → add(y))
(x)(y)((del(x) ∧ (y < x)) → del(y))    
(x)(y)((hi(x) ∧ (y < x)) → hi(y))

        — then, we can infer additional properties, with the following result:


Table 6	Id 	Label 	Kind 	Statements 	Next 	Parts

	i01 	We 	M 	 	i02 	

  	i02 	, as all  	M 	del(i02)  	i03 	

  	i03 	purely  	M 	del(i03), add(i03) 	i04 	

  	i04 	human 	M E 	hi(i04), del(i04), add(i04) 	i05 	

  	i05 	 and 	M 	del(i05), add(i05) 	i06 	

  	i06 	 finite beings, 	M 	del(i06)  	i07 	

	i07 	 are all fallible. 	M 	 	 	

  
  	i08 	 	E 	del(i08), add(i08) 	 	i03, i04, i05

  	i09 	 	E 	add(i09) 	 	i02, i08, i06

  	i10 	 	E 	s(i10) 	 	i01, i08, i09, i07






        (Note that this is the first example so far of non-elemental individuals
        carrying assigned properties.) 

      Goodman observes that In practice, we are usually concerned only with
          disectiveness under some special or systematic limitations... [Goodman1972, p. 38]. This seems to be the case here, too: While the
        TEI elements <hi>, <add> and <del> and the HTML
        element <i> seem to apply all the way down to every atomic part of an
        individual, an element type like <foreign> hardly applies below word-level. 

      Furthermore, there seem to be exceptions even in the case of <hi>,
        <add> and <del>: In a transcription, a <note>
        (note) element is normally not intended to inherit the property in question. A more
        generally usable formula for disectiveness may therefore be this:
        
(x)(y)(z)((F(x) ∧ (y < x) ∧ 
   ¬((z < x) ∧ (y < z) ∧ (G(z) ∨ H(z) ∨ ...))) 
   → F(y))

        where G, H,... indicate exceptions. 



      Let us define an anti-dissective one-place predicate as follows: [21]
        
F is anti-dissective iff (x)(y)((F(x) ∧ (y ≪ x)) → ¬F(y))

      The TEI element <docDate> (document date) and the TEI and HTML
        <body> may serve as examples of anti-dissective properties, — no
        part of a <docDate> or a <body> element is itself a
        <body> or a <docDate>. The HTML <p> (paragraph)
        element is also clearly anti-dissective.

       The TEI <p> element presents a complication. It would seem to be
        anti-dissective, but unlike HTML, TEI allows <p>s nested within
        <p>s. So
        
(x)(y)((p(x) ∧ (y ≪ x)) → ¬p(y))

        is true in HTML, but not in TEI. The TEI <p> element can therefore not be said
        to be either dissective or anti-dissective.[22]
      

    

    
      Expansive and anti-expansive properties

      A one-place predicate is expansive if it is satisfied by
          everything that has a part satisfying it. [Goodman1972,
        p. 38]. An expansive one-place predicate can be defined as follows:
        
F is expansive iff (x)(y)((F(x) ∧ (x < y)) → F(y))

        In more conventional XML terms, while dissective predicates propagate down
        the document tree, expansive predicates propagate upwards in the tree, from
        children to their parents. This might be thought to be unusual, and actually it is difficult
        to find examples of such properties in the TEI and HTML encoding schemes. Element types such
        as <docDate> and <docAuthor> may, as we shall see later, be said
        to ascribe properties to individuals of which they are a part, but that does not make these
        individuals themselves <docDate>s or <docAuthor>s. (Even so, it
        easy to think of expansive properties: — for example, the property of
          containing the word Hamlet would clearly be
        expansive.) 

      Let us define an anti-expansive property as follows:
        
F is anti-expansive iff (x)(y)((F(x) ∧ (x ≪ y)) → ¬F(y))

        The TEI element <foreign> may be an example of a property which is
        anti-dissective, at least up to a certain level, and at least insofar as it seems reasonable
        to assume that if something is marked as foreign, then it is marked off from something which
        is not in a foreign language.
        
      

    

    

    
      Collective and anti-collective properties

      That a one-place predicate is collective means that it is
          satisfied by the sum of every two individuals (distinct or not) that satisfy it
        severally [Goodman1972, p. 39]. A collective one-place
        predicate can be defined as follows:
        
F is collective iff (x)(y)((F(x) ∧ F(y)) → F(x + y))

        Dissective elements like the TEI elements <hi>, <add>,
        <del> and <foreign> and the HTML element <i> seem
        also to be collective: any sum of strings in italics would seem itself to be in italics,
        etc. There probably are examples of expansive and non-dissective or anti-dissective
        properties in TEI or HTML, but so far we have not found any.

      Let us define an anti-collective property as follows:
        
F is anti-colletive iff (x)(y)((F(x) ∧ F(y) ∧ (x ʅ y)) → ¬F(x + y))

        Both the TEI and the HTML <div> (division) element types seem to be
        anti-collective: no sum of <div>s is itself a <div>.

    
    
      The HTML title element

      So far, we have been concerned only with one-place predicates.[23] Many TEI and HTML elements ascribe properties according to more complicated
        patterns which can more conveniently be accounted for by representing them as relations, or
        predicates with two or more places. 

       We begin with a simple example of an element expressing a two-place predicate, the HTML
        title element. From: 
<!DOCTYPE html SYSTEM "http://www.w3.org/TR/xhtml1/DTD/xhtml1-transitional.dtd">
<html xmlns="http://www.w3.org/1999/xhtml">
    <head>
        <title>Simple HTML</title>
    </head>
    <body>
        <p>First para</p>
        <p>Second para</p>
    </body>
    </html>
 we get: 


Table 7	Id 	Label 	Kind 	Statements 	Next 	Parts

  	i01 	Simple HTML 	M E 	head(i01), title(i01) 	i02 	

  	i02 	First para 	M E 	p(i02) 	i03 	

  	i03 	Second para 	ME  	p(i03) 	 	

  	i04 	 	E 	body(i04) 	 	i02, i03

  	i05 	 	E 	html(i05) 	 	i01, i04





       We state the propagation rule that:
        
(x)(y)((title(x) ∧ (x < y) ∧ html(y)) → hasTitle(y,x))

        and get for the last line of the previous table: 


Table 8	Id 	Label 	Kind 	Statements 	Next 	Parts

  	i05 	 	E 	html(i05), hasTitle(i05,i01) 	 	i01, i04





      The fact that the propagation rule can be made so simple in this case is partly due to
        the fact that we are assuming that the document is valid, and that the relative structural
        positions of the elements are constant. For example, there is no need to state that the
        title element has to be the child of a head element which in turn is directly succeeded by a
        body element etc. 

    

    
    
      The TEI sp, speaker and stage elements

      While it is quite legitimate to assume document validity when stating propagation rules,
        these rules tend to become more complex when more elements are involved, and/or the rules
        for the structural positions of the elements concerned are more complex. 

      The relation between the TEI elements <sp> (speech),
        <speaker> and <stage> (stage direction) is that a
        <sp> may contain a <speaker>, and if it does, the
        <speaker> element contains the name of the speaker of the rest of the
        <sp> element, except for any <stage>s (stage directions) it
        might contain. From: 

      <sp>
    <speaker>Peer</speaker> 
    Why 
    <stage>(hesitating)</stage> 
    swear?
</sp>

 we get: 


Table 9	Id 	Label 	Kind 	Statements 	Next 	Parts

  	i01 	Peer 	M E 	speaker(i01) 	i02 	

  	i02 	Why 	M 	 	i03 	

  	i03 	(hesitating) 	M E 	stage(i03) 	i04 	

  	i04 	swear? 	M 	 	 	

  	i05 	 	E 	sp(i05) 	 	i01, i02, i03, i04






        We state the following propagation rule:
        
(x)(y)((speaker(x) ∧ (x < y) ∧ sp(y)) → 
          (z)(((z < y) ∧ ¬(speaker(z) ∨ stage(z))) → saidBy(z,x)))

        and get:


Table 10	Id 	Label 	Kind 	Statements 	Next 	Parts

  	i01 	Peer 	M E 	speaker(i01) 	i02 	

  	i02 	Why 	M 	saidBy(i02,i01) 	i03 	

  	i03 	(hesitating) 	M E 	stage(i03) 	i04 	

  	i04 	swear? 	M 	saidBy(i04,i01) 	 	

  	i05 	 	E 	sp(i05) 	 	i01, i02, i03, i04





    
    
      The TEI docTitle, docDate and docAuthor elements

       The TEI <docTitle> (document title) element may occur directly within
        <titlePage> or <front> (front matter); <titlePage>
        may occur directly within <front> or <back> (back matter), and
        <front> and <back> may occur directly within
        <text>. <docTitle> behaves very much like the HTML
        <title> element:
        
(x)(y)((docTitle(x) ∧ (x < y) ∧ text(y)) → hasTitle(y,x))

        <docTitle> assigns the property of being a document title
        to its own content, and the property of having that title to the
        individual which carries the property of being a text, and of which it is itself a part.
        Thus, while no other parts of the elemental text individual have any of these properties,
        all its parts have the property of being the part of an individual
        which carries the title in question. 

      
      The <docDate> (document date) element, in turn, behaves very much like the
        <docTitle> element. Although it may occur in a larger variety of positions, it
        assigns the property of being (or identifying) the date of the document
        to its own content, and the property of having that date to the
        individual which carries the property of being a text, and of which it is itself a part. 

      We may assume, however, that the document date carries over to most or all the parts of
        the text, i.e., that all the parts of the element have the property of having that date,
        too.
        
        If we are dealing with a transcription of an authorial document which according to the
        <docDate> element dates from a particular year, it may be the case that we
        also know that all parts of the document marked by <add> contain corrections
        in that document made by another person several years later, and that all
        <note>s are editorial notes supplied even later than that, by the creator of
        the electronic version. A propagation rule to this effect may be expressed for example as
        follows:
        
(x)(y)(z)(w)((docDate(x) ∧ (x < y) ∧ text(y)) →
   (((z < y) ∧ ¬((z < w) ∧ (add(w) ∨ note(w)))) →
   (hasDate(y,x) ∧ hasDate(z,x))))

        Note, however, that in some situations the TEI <docDate> element gives the date of the 
        first edition of the text, while the text actually transcribed by the document comes from a later edition. In such situations 
        the semantics of the element is rather different, and the property of having the date given may possibly not propagate to elements below <text> level at all.
      

      
      The <docAuthor> (document author) element, again, behaves much like the
        <docDate> element. It assigns the property of being the
        name of the author of the document to its own content, and the property of
        having the author of that name to the text of which it is a part. 

      In the example just discussed, we may again assume that the property, in this case the
        property of having the author in question, is not carried over to later additions and notes.
        Other element types, such as <q> (quote) <cit> (citation), would
        for more or less obvious reasons also have to be considered for exclusion. However, there is
        a further complication: If a person is considered the author of a document, he is normally
        also considered the author of parts of that document, such as its chapters, sections and
        paragraphs. Perhaps authorship may also be attributed to sentences or phrases, but certainly
        not to individual words or letters. Again we are faced with a property which propagates down
        to a certain level, but where it is unclear exactly where that level ends. And as is so
        often the case with markup, it does not help us much to become clear about the level at
        which the propagation ends, be it subparagraphs, sentences or phrases, if it turns out that
        the elements at that level have not been marked up. 

      
    


    
  
  
    Problems

     We have mentioned that there are at least two serious problems with our application of
      the Calculus. One problem, which has already been identified, relates to the representation of
      coextensive elements. The other problem, which relates to the representation of empty
      elements, has only been mentioned in passing. We believe this is the least serious of the two,
      and we will therefore discuss that first.


    
      Empty elements

      For the purposes of this discussion, we may conveniently distinguish between milestone
        elements and other empty elements

      
        Milestone elements

        Milestones are empty elements which ascribe properties to parts of a document, but
          which for various reasons are represented by empty elements. The reason why some textual
          phenomena are represented by milestones rather than ordinary elements is often a need to
          overcome the XML constraint that element structure must be hierarchical.

        Typically, a milestone may be seen as assigning a property to the following parts of
          the document, up to the next milestone element of the same type, up to the occurrence of
          an element of some specific other type, or to the end of the document. We think we have
          already demonstrated that our application of the Calculus to XML documents can handle such
          property assignment.

         We believe that many of the other mechanisms proposed to handle so-called overlapping
          hierarchies in XML (for example, Trojan Horse milestones, [DeRose] and fragmented or virtual elements [teip4]) can be
          handled in similar ways, and therefore do not constitute a serious problem for our
          application of the Calculus. 
          

      
      
        Other empty elements

        Empty elements which are not milestones typically stand for and/or ascribe properties
          to some part of the document which cannot straightforwardly be represented as a character
          or string of characters. These empty elements are more difficult to deal with, because
          according to our application of the Calculus something which cannot be said to consist of
          character atoms simply cannot be an individual. And if it is no individual there seems to
          be nothing to which properties can be ascribed; only individuals can have properties. 

        The TEI elements <ptr> (pointer), <anchor> (anchor point),
          <index> (index entry) and <divGen> (automatically generated
          text division) are some examples. Either they indicate a point in the document, i.e., they
          have no extension in the terms of our application of the Calculus and would
          seem to have to be located in a position between two atoms. Or they do not indicate any
          point or extension in the document, but rather an instruction to generate strings with
          certain properties at the position they are located. In some cases, the problems outlined
          here can be solved by replacing the empty element in question with a character string,
          taken for example from an attribute value of the element in question. In cases where the
          element occupies or points to a location between characters, we might find a practical
          workaround by letting it apply or point instead to the atom immediately before or after
          the relevant location in our model of the document. 

        A slightly different kind of problem is presented by the TEI <graphic>
          (inline graphic, illustration, or figure) and HTML <graphic> elements. The
          basic meaning of these elements is easy enough to catch: The occurrence of the element
          indicates that an illustration or a figure occurs at a specific location in the document.
          Therefore, a more appropriate solution to this as well as to the previously mentioned
          examples is probably to lift the requirement that all atoms should have a character type
          as a property. A graphics element, for example, might simply be represented in our model
          by a graphics atom. 

        More generally, this would be a model in which a document consists not of a sequence
          of character atoms, but of a sequence of some more generic kind of atoms. We might, for
          example, agree to call them atomic content objects, and concede that such
          atoms may or may not have a character property, an image property etc.
          Although we have not investigated the matter, we believe that such a modification would
          not drastically change the application of the Calculus described above.

      
      
    
    
      Coextensive elements

      We have already exemplified and briefly discussed the problem with coextensive elements:
        If two or more nested elements have exactly the same content, i.e., share exactly the same
        leaf nodes in the XML tree, they will be represented in our application of the Calculus as
        one individual sharing all the properties ascribed by the nested XML elements. What kind of
        problem this is, and whether and how it can be solved, depends on the wider requirements and
        aims for our application of the Calculus to markup. Under certain requirements or
        perspectives, it may cease to be a problem.

      If our aim is to establish a representation from which the serialized form of an XML
        document can be regenerated, we obviously have a problem: It is by no means obvious if or
        how this could be done. Likewise, if our aim is to establish a representation from which the
        XML DOM, the XDM or the XML Infoset representation can be generated, or which is isomorphic
        to and/or contains (all) the information given in any of those, then it is perhaps even more
        obvious that we have a problem.

      We have two responses to this: On the one hand, the value of the approach presented here
        does not depend on such capabilities. The value of the approach to property propagation, for
        example, may be simply as an ancillary representation of some of the features of marked-up
        documents, a representation which is not intended to capture all the
        information present in XML documents but rather to assist in the processing of such
        documents. Therefore, the problem discussed here is a problem only to the extent that it
        impedes our work to realize this more modest aim. So far, we have not found any indication
        that it does.

      On the other hand, we might want to use this representation in order to modify the XML
        documents so represented, and in that case we would clearly need to reserialize them to XML
        or generate an XML-conformant document model of them. For such purposes, we believe that
        information about the XML nesting order of coextensive elements could easily be stored in
        some ancillary data structure which would make reserialization etc possible. It should also
        be mentioned that, although again we have not investigated the matter, it is not
        unreasonable to assume that a representation of documents in the way proposed for our
        application of the Calculus might be a convenient step in the process of converting XML
        documents to certain other markup systems, such as TexMecs or LMNL.


      Finally, if our aim is to offer an alternative representation based on a different
        understanding of the structure and semantics of marked-up documents, then we have a problem
        only if it can convincingly be argued that our representation is in some respect inferior to
        these standard ways of modelling documents. We think such a discussion is premature unless
        and until the application sketched here is developed further, but at least two lines of
        argument seem to present themselves as possible responses to the challenge. 


      First, one might argue that the problem is with XML, and not with the approach discussed
        here. For example, if a TEI <p> (paragraph) and <s> (s-unit,
        sentence) element are coextensive, XML forces us to decide whether we are dealing with a
        paragraph containing a sentence, or a sentence containing a paragraph, and leaves us no
        other option. But we might just as well (or rather) want to say that we are dealing with one
        object which has two properties: that of being a paragraph and that of being a sentence. The
        part-whole relationship which seems forced upon us by XML is an artifact of the
        serialization, a result of one of the limitations of embedded markup.[Raymond] 


      Second, we might concede that the representation of coextensive elements as conceived in
        the present approach is a problem, and try to solve it by amending our mereological system.
        Part of the solution may be found in allowing more generous set of atoms, as discussed above
        in connection with the problem of empty elements. Another part of the solution might be to
        replace the Calculus of Individuals with some other formal mereological system. For example,
        there seems to be mereological systems which allow for the idea that one individual may be
        part of another even in cases where we cannot identify any part which they do not share. For
        options along these lines, see the discussion of supplementation and closure principles in
          CasatiVarzi1999 p. 38 f.f. 

    


  
  
    Conclusion and Future Work

     We have considered some possible applications of the Calculus of Individuals to XML,
      whereof the so-called character-atom approach has seemed the most promising so far. Strings
      composed of characters defined as atomic individuals can be identified and referenced by
      denoting expressions. The part-whole relationships and ordering relations between parts of the
      document as well as the properties ascribed by generic identifiers can be described.
      Statements about the individuals of documents and their properties can be made, and inferences
      can be drawn from these statements. 

     We have shown, by means of examples from the TEI and HTML encoding schemes, how this
      application of the Calculus can be used for the formulation of rules describing the
      propagation of properties among the parts of a document. 

     We have identified problems or shortcomings concerning the representation of empty
      elements and coextensive elements, and suggested that these problems may be overcome partly by
      allowing a more generous set of atoms, and partly by replacing the Calculus of Individuals
      with some other formal mereological system. 

     In order to assess whether the application of formal mereology to markup semantics is
      worth while, we believe that continued work is required along several lines: The application
      to XML should be extended beyond the limitations of the approach presented here to include XML
      the full range of XML mechanisms, such as attributes, entities, declarations, comments,
      processing instructions, and marked sections. While the approach presented here is limited to
      the consideration of XML documents in serialized form, i.e. as character streams, attempts
      should be made at applying formal mereology to XML documents considered as graphs of xPath
      nodes, Infoset items, and the like. 

     Furthermore, and as already mentioned, mereological systems beyond the Calculus of
      Individuals should be considered in order to overcome some of the problems encountered in the
      approach presented her. Last, but not least: The application of formal mereological systems
      should be extended to other markup systems such as SGML, TexMecs, LMNL, Goddag and others.
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Notes
Goodman, whose work we will take as our basis here, was a well known nominalist,
          however of a peculiar kind. For Goodman, nominalism did not consist in the rejection of
          abstract entities, or even of universals, but in the refusal to admit anything but
          individuals as values of variables.


        He strongly repudiated all talk of classes as incomprehensible [Goodman1977, pp. 25-26, Goodman1972,
          p. 156] and therefore philosophically suspect. He also worked hard to establish a
          foundation for mathematics replacing set theory with the calculus of individuals. But at
          the same time he had no qualms taking abstract objects such as qualia as
          basic constituents of his own ontology [Goodman1977, chapters IV
        ff].

      
View note in Notes section
...there is no necessary internal link between mereology and the philosophical
            position of nominalism. We may simply think of the former as a theory concerned with the
            analysis of parthood relations among whatever entities are allowed into the domain of
            discourse (including sets and other abstract entities, if one will). [CasatiVarzi1999]

      
View note in Notes section
For an entertaining collection of other candidate sum individuals, see [Fitzgerald].

      
View note in Notes section
Equivalent systems (or rather, systems with only minimal and trivial differences) may
          be built whichever we choose as the primitive relation.

      
View note in Notes section
 In [LeonardandGoodman1940], Leonard and Goodman chose
            discrete from as the primitive relation. A more common practice seems to
          be the choice of part or proper part.

      
View note in Notes section
Numbers in the left margin give references to theorem and definition numbers in [Goodman1977]. Note that Goodman used a notation slightly different from
          ours, but that we have retained Goodman's use of implicit universal quantification.

      
View note in Notes section
Leonard and Goodman use for the discrete from relation a symbol we have
          not been able to locate in Unicode; we use here a fairly close approximation, the symbol
            “ ʅ ”, which usually means
          caution.

      
View note in Notes section
This may be seen simply as a reflection of the fact that most mereologists have been
          nominalists (in Goodman's sense). But the topic also has other far-reaching repercussions
          — see [Varzi].

      
View note in Notes section
In practice, we may read nearly all for some here.
            Examples of exceptions would be documents consisting of only one element, or in which
            each element has at most one child element. Examples:
            
<s>...</s>
<s><t>...</t></s>
<s><t><u>...</u></t></s>

            and so on. Only in such cases may there in fact be a one-to-one correlation between
            elements and individuals.

        
View note in Notes section
Goodman1972, p. 164. But see also Pitkanen p. 268

        
View note in Notes section
This is the case if we think of XML documents and elements as consisting of
            stretches of consecutive character occurrences (remember we exclude entity declarations
            and references from our discussion), and also with the xPath data model. It is not necessarily the case with the Infoset data model.

        
View note in Notes section
This
                might be considered, by some, an interesting observation, since some markup
                theorists have argued against the use of mixed content, either generally or for
                specific applications or uses of markup.

            
View note in Notes section
We might allow a character occurrence to have more than one such property. For
              example, it could have the property of being an a, as well as that of
              being of some other type. Exploiting this option might be interesting in trying to
              account for multiple readings or interpretations in transcription, such as in [dh2009]. For the time being, however, we will assume that the ascription
              of one such character-type-property to a particular character excludes the ascription
              of any other character-type-property to that character. 

          
View note in Notes section
In a realsystem, character type indications enclosed within quotes
              and occurring within two-place predicates, like T(A,i01) here, should
              be replaced with one-place predicates using for example Unicode names for character
              values, like T.x0041(i01). Character types are properties, not individuals, and so
              should not really appear as variables in the calculus. One unattractive consequence of
              the shorthand notation used here is that assignment of whitespace characters comes out
              as T( ,i2), which is both imprecise and perhaps somewhat
              confusing.

            As mentioned, saying that an individual is labelled with a string is merely a
              shorthand for saying that it consists of a sequence of atoms each with certain
              character types as their values. So expressions like
              L( is ,i20) in the example below are really
              shorthands for more complex expressions referring to the atomic parts of the
              individual i20 and their next and type properties. Assuming that i20=i07+i08+i09+i10,
              what L( is ,i20) says should be construed as
              something like NA(i07,i08) ∧ NA(i08,i09) ∧ NA(i09,i10) ∧
              T.x0020(i07) ∧ T.x0069(i08)∧ T.x0073(i09)∧
            T.x0020(i10).

          
View note in Notes section
In a working system one would probably use more  meaningful
              identifiers. The only requirement on identifiers is that they should identify
              individuals uniquely.

          
View note in Notes section
At least as long as we are limiting ourselves to XML the notion immediate
                proper part can be given a straightforward and natural definition: x
                is an immediate proper part of y =df (x ≪ y) ∧
              ¬(∃z)((x ≪ z) ∧ (z ≪ y))

          
View note in Notes section
We have made life even more comfortable for ourselves by leaving out the
              blankspace molecular atoms which occur between each of the molecules listed in the
              table.

          
View note in Notes section
It should be noted that the mereological graph here has been construed so as to
              highlight the differences from XML discussed in this particular example, and that
              other important differences do not come out with this kind of visualization.

             For example, the nodes of the XML graph are commonly understood to represent XML
              elements, which in this case have been decorated with their generic identifiers. The
              nodes of the mereological graph, however, represent individuals and are decorated with
              what we have here called there assigned properties. Moreover, the nodes visible in the
              mereological graph represent only a tiny fraction of the individuals of the document. 

            The arcs of the XML graph are commonly understood to represent containment and/or
              dominance relations between elements. In the mereological graph, they represent
              exclusively part-whole relationships. Again, the number of part-whole relationships
              depicted in the graph represent only a fraction of the part-whole relationships
              between the individuals of the document.

          
View note in Notes section
It might of course seem that the nesting order is preserved by the order in which
              the assigned properties are mentioned in the table. However the table represents an
              unordered set of statements, so the order is insignificant. More on nesting order of
              coextensive elements further below.

          
View note in Notes section
In the following we will often use the expression element or
              element type as short for property ascribed
              to an element by its generic identifier.

        
View note in Notes section
The term anti-dissective (and its definition) is ours, not Goodman's.
            The same goes for the terms anti-expansive and
            anti-collective in the following paragraphs.

        
View note in Notes section
A reflection upon this fact may also make us change our judgement of the HTML
            <p> element: Perhaps it is just a result of the content model of
            <p> in HTML that it seems anti-dissective. Anyhow, since nested
            <p>s simply do not occur in HTML, it does not matter much whether we
            classify the property as non-dissective or anti-dissective.
            
          

        
View note in Notes section
We have simply tried to find examples of the patterns Goodman terms
              dissective, expansive and collective, and
            added the corresponding patterns anti-dissective etc. Goodman also
            identifies patterns he terms nucleative, pervasive,
              cumulative and agglomerative [Goodman1972, p. 39–40]. We do not discuss these here,
            as we have not found any interesting application of them for the present purposes. In
            particular, a nucleative property is a property such that
            
F is nucleative iff (F(x) ∧ F(y)) → F(x · y)

            Since XML has no elements which overlap without the one being a part of the other, the
            product of two element strings is always a part of one of them. Therefore, although the
            pattern does not have any interesting applications to XML — it may have for
            markup systems such as xConcur, TexMecs, Goddag, LMNL and others which allow overlapping
            elements.

        
View note in Notes section

	[1]Goodman, whose work we will take as our basis here, was a well known nominalist,
          however of a peculiar kind. For Goodman, nominalism did not consist in the rejection of
          abstract entities, or even of universals, but in the refusal to admit anything but
          individuals as values of variables.


        He strongly repudiated all talk of classes as incomprehensible [Goodman1977, pp. 25-26, Goodman1972,
          p. 156] and therefore philosophically suspect. He also worked hard to establish a
          foundation for mathematics replacing set theory with the calculus of individuals. But at
          the same time he had no qualms taking abstract objects such as qualia as
          basic constituents of his own ontology [Goodman1977, chapters IV
        ff].

      

	[2]...there is no necessary internal link between mereology and the philosophical
            position of nominalism. We may simply think of the former as a theory concerned with the
            analysis of parthood relations among whatever entities are allowed into the domain of
            discourse (including sets and other abstract entities, if one will). [CasatiVarzi1999]

      

	[3]For an entertaining collection of other candidate sum individuals, see [Fitzgerald].

      

	[4]Equivalent systems (or rather, systems with only minimal and trivial differences) may
          be built whichever we choose as the primitive relation.

      

	[5] In [LeonardandGoodman1940], Leonard and Goodman chose
            discrete from as the primitive relation. A more common practice seems to
          be the choice of part or proper part.

      

	[6]Numbers in the left margin give references to theorem and definition numbers in [Goodman1977]. Note that Goodman used a notation slightly different from
          ours, but that we have retained Goodman's use of implicit universal quantification.

      

	[7]Leonard and Goodman use for the discrete from relation a symbol we have
          not been able to locate in Unicode; we use here a fairly close approximation, the symbol
            “ ʅ ”, which usually means
          caution.

      

	[8]This may be seen simply as a reflection of the fact that most mereologists have been
          nominalists (in Goodman's sense). But the topic also has other far-reaching repercussions
          — see [Varzi].

      

	[9]In practice, we may read nearly all for some here.
            Examples of exceptions would be documents consisting of only one element, or in which
            each element has at most one child element. Examples:
            
<s>...</s>
<s><t>...</t></s>
<s><t><u>...</u></t></s>

            and so on. Only in such cases may there in fact be a one-to-one correlation between
            elements and individuals.

        

	[10]Goodman1972, p. 164. But see also Pitkanen p. 268

        

	[11]This is the case if we think of XML documents and elements as consisting of
            stretches of consecutive character occurrences (remember we exclude entity declarations
            and references from our discussion), and also with the xPath data model. It is not necessarily the case with the Infoset data model.

        

	[12]This
                might be considered, by some, an interesting observation, since some markup
                theorists have argued against the use of mixed content, either generally or for
                specific applications or uses of markup.

            

	[13]We might allow a character occurrence to have more than one such property. For
              example, it could have the property of being an a, as well as that of
              being of some other type. Exploiting this option might be interesting in trying to
              account for multiple readings or interpretations in transcription, such as in [dh2009]. For the time being, however, we will assume that the ascription
              of one such character-type-property to a particular character excludes the ascription
              of any other character-type-property to that character. 

          

	[14]In a realsystem, character type indications enclosed within quotes
              and occurring within two-place predicates, like T(A,i01) here, should
              be replaced with one-place predicates using for example Unicode names for character
              values, like T.x0041(i01). Character types are properties, not individuals, and so
              should not really appear as variables in the calculus. One unattractive consequence of
              the shorthand notation used here is that assignment of whitespace characters comes out
              as T( ,i2), which is both imprecise and perhaps somewhat
              confusing.

            As mentioned, saying that an individual is labelled with a string is merely a
              shorthand for saying that it consists of a sequence of atoms each with certain
              character types as their values. So expressions like
              L( is ,i20) in the example below are really
              shorthands for more complex expressions referring to the atomic parts of the
              individual i20 and their next and type properties. Assuming that i20=i07+i08+i09+i10,
              what L( is ,i20) says should be construed as
              something like NA(i07,i08) ∧ NA(i08,i09) ∧ NA(i09,i10) ∧
              T.x0020(i07) ∧ T.x0069(i08)∧ T.x0073(i09)∧
            T.x0020(i10).

          

	[15]In a working system one would probably use more  meaningful
              identifiers. The only requirement on identifiers is that they should identify
              individuals uniquely.

          

	[16]At least as long as we are limiting ourselves to XML the notion immediate
                proper part can be given a straightforward and natural definition: x
                is an immediate proper part of y =df (x ≪ y) ∧
              ¬(∃z)((x ≪ z) ∧ (z ≪ y))

          

	[17]We have made life even more comfortable for ourselves by leaving out the
              blankspace molecular atoms which occur between each of the molecules listed in the
              table.

          

	[18]It should be noted that the mereological graph here has been construed so as to
              highlight the differences from XML discussed in this particular example, and that
              other important differences do not come out with this kind of visualization.

             For example, the nodes of the XML graph are commonly understood to represent XML
              elements, which in this case have been decorated with their generic identifiers. The
              nodes of the mereological graph, however, represent individuals and are decorated with
              what we have here called there assigned properties. Moreover, the nodes visible in the
              mereological graph represent only a tiny fraction of the individuals of the document. 

            The arcs of the XML graph are commonly understood to represent containment and/or
              dominance relations between elements. In the mereological graph, they represent
              exclusively part-whole relationships. Again, the number of part-whole relationships
              depicted in the graph represent only a fraction of the part-whole relationships
              between the individuals of the document.

          

	[19]It might of course seem that the nesting order is preserved by the order in which
              the assigned properties are mentioned in the table. However the table represents an
              unordered set of statements, so the order is insignificant. More on nesting order of
              coextensive elements further below.

          

	[20]In the following we will often use the expression element or
              element type as short for property ascribed
              to an element by its generic identifier.

        

	[21]The term anti-dissective (and its definition) is ours, not Goodman's.
            The same goes for the terms anti-expansive and
            anti-collective in the following paragraphs.

        

	[22]A reflection upon this fact may also make us change our judgement of the HTML
            <p> element: Perhaps it is just a result of the content model of
            <p> in HTML that it seems anti-dissective. Anyhow, since nested
            <p>s simply do not occur in HTML, it does not matter much whether we
            classify the property as non-dissective or anti-dissective.
            
          

        

	[23]We have simply tried to find examples of the patterns Goodman terms
              dissective, expansive and collective, and
            added the corresponding patterns anti-dissective etc. Goodman also
            identifies patterns he terms nucleative, pervasive,
              cumulative and agglomerative [Goodman1972, p. 39–40]. We do not discuss these here,
            as we have not found any interesting application of them for the present purposes. In
            particular, a nucleative property is a property such that
            
F is nucleative iff (F(x) ∧ F(y)) → F(x · y)

            Since XML has no elements which overlap without the one being a part of the other, the
            product of two element strings is always a part of one of them. Therefore, although the
            pattern does not have any interesting applications to XML — it may have for
            markup systems such as xConcur, TexMecs, Goddag, LMNL and others which allow overlapping
            elements.
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Abstract
Pipelines provide an excellent way of structuring XML applications, simplifying complex
processing tasks and enabling the reuse of generic components, using a variety of technologies.
Efficient pipelines often pass data from one stage to the next as a sequence of 
  events, representing the structure of the tree as a by notifying
startElement, endElement and similar transitions.

 The control flow in a pipeline can either run with the data flow (push polarity) or against
 the flow (pull polarity). Performance problems occur when components with different polarity need
 to be integrated into the same pipeline: traditionally this problem is handled either by buffering
 the data in memory (leading to scalability problems as well as loss of latency), or by using
 multiple threads, which introduces coordination overheads.

 This paper looks at a different way of managing polarity conflicts, by applying the concepts
 of program inversion developed during the days of batch magnetic tape data processing. It specifically
 examines how this concept can be applied to the compilation of XSLT stylesheets, both single and multi-phase.
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  Pipelines: an Introduction

    It has been known for a long time [see for example 
      Thompson2001, McGrath2002, McGrath2004]
      that processing of XML documents can conveniently be
organized in the form of a pipeline. In such a pipeline, the work is divided into a sequence of
steps, each of which takes an XML document as input, and produces another XML document as output.
Constructing an application in the form of a pipeline has many advantages, the main ones being
(a) that the code of each step in the pipeline is kept very simple; (b) that it is very
easy to assemble an application from a set of components, thus maximizing the potential for
component reuse, and (c) there is no requirement that each step in a pipeline should use
the same technology; it's easy to mix XSLT, XQuery, Java and so on in different stages.

A number of products are available to assist with the development and management
of pipeline-based applications, examples being Orbeon [orbeon] and 
  Apache Cocoon [cocoon]. More recently W3C
has developed a standard language, XProc [xproc], for the definition of pipelines.

    
One of the benefits of structuring an application using pipelines is that different technologies
can be used to implement each step within a pipeline. This maximizes component reusability, since
the ability to make use of an existing component is not dependent on the choice of technology used
to implement the component. This only works, of course, if there are some kind of standards for plugging
heterogeneous components together.

    
Ideally, components will be able to pass information to each other without the overhead of
serializing the data as lexical XML and then reparsing it. Equally, they will be able to pass information
without buffering the entire document in memory. This suggests that in an optimal interface, the
data will be passed between components as a stream of events (for example, startElement,
endElement, etc).


The question then arises, how should the components of a pipeline be written? One can envisage
three styles:



	Each component is written as a complete program that reads XML from its input
and writes XML to its output. We will call this a main-loop component, because in general it contains
a program loop containing read and write instructions.


	A component may be written to be called repeatedly by the component that supplies its 
input, once for each item of input. This is an event-driven style of programming, and we will call
this a push component.


	A component may be written to be called repeatedly by the component that consumes 
its output. That is, the component is called whenever some more data is required. We will call
this a pull component.




    
These three styles of component are illustrated in Figure 1.

    
    [image: Fig 1. Three styles of pipeline component. The arrows indicate the direction of control flow; the direction of data flow is in all cases from left to right.]
        
        
Figure 1.Fig 1. Three styles of pipeline component. The arrows indicate the direction of control flow;
          the direction of data flow is in all cases from left to right.


    
    
A push filter is a component of a pipeline that is invoked repeatedly by its upstream neighbour
(the supplier of its input), and that in turn makes multiple calls to its downstream neighbour
(the consumer of its output). Similarly, a pull filter is a component that is invoked repeatedly by
its downstream neighbour (the consumer of its output), and that in turn makes repeated requests for data
from its upstream neighbour (the supplier of its input).
    

Each of these styles has advantages and disadvantages, from the points of view of the developer
of the component and the user of the component. When it comes
to constructing a pipeline, however, we probably have to face the fact that we will sooner or later
want to integrate components that have been written in different styles: main-loop components, 
push components, and pull components; one aim of this paper is to address the integration challenges 
this poses.

    
  
  Pipelines within a Query or Stylesheet


The concepts described in this paper can be applied at various levels of the system. One can
consider a pipeline in which each component is a complete XSLT or XQuery transformation. Or
one can consider a pipeline of operations contained within a single stylesheet or query: this often
manifests itself as a multi-phase transformation whose logic looks something like this:



<xsl:variable name="x">
  <temp>
    <xsl:apply-templates select="/" mode="phase-1"/>
  </temp>
</xsl:variable>
<xsl:variable name="y">
  <tump>
    <xsl:apply-templates select="$x" mode="phase-2"/>
  </tump>
</xsl:variable>
<xsl:template name="entry">
  <xsl:apply-templates select="$y" mode="phase-3"/>
</xsl:template>



    We can think of this as a sequence of three “push” components if we adopt the XSLT 1.0 paradigm
which describes literal result elements, xsl:apply-templates, and other instructions that
create new nodes as “writing to the result tree”. The terminology has changed in XSLT 2.0; such
instructions are now described as constructing a node and returning it to its caller. That is, the language
has changed between the two releases from talking about a push model to talking about a pull model. 
By and large this is only a matter of presentation. But the 1.0
model is probably closer to the way many implementations are likely to work internally.


An internal pipeline within a single XQuery has a more pull-like feel to it. The equivalent might
be:



declare function f:phase-1($d as document-node()) {
  <temp>{f:process($d)}</temp>
}

declare function f:phase-2($x as element(temp)) {
  <tump>{f:manipulate($x)}</tump>
} 

declare function f:phase-3($y as element(tump)) {
  <html>{f:render($y)}</html>
} 

f:phase-3(f:phase-2(f:phase-1(/)))



    The “pull” nature of this pipeline arises from the use of function calls as the composition
mechanism; the control logic starts from the last stage in the pipeline, and each stage invokes
its predecessor by means of a function call.


However, because XSLT and XQuery are both declarative languages, this user view (or specification view)
of how the languages work might not always match the internal reality. The underlying XSLT engine
might compile “pull” code from an xsl:apply-templates instruction, or might compile
“push” code from a function call. This flexibility, which we shall examine in more detail later,
turns out to be one of the major benefits of writing in a declarative language.

    
  
  
    Pipelines within an XSLT or XQuery processor

  
  
  
We can also look at pipelines as implemented internally within an XSLT or XQuery processor,
or within other components such as XML parsers, validators, and serializers. The serializer is the component
responsible for converting a tree representation of an XML document into lexical XML markup; it is controlled
by a number of user-settable properties as described in [serialization]. The serializer in Saxon, for
example [see saxon] and [Kay2001] is implemented internally as a 
  pipeline containing one or more of the following components:



	An UncommittedEmitter, which decides dynamically whether the output
method is XML, XHTML, or HTML, and constructs the rest of the pipeline accordingly


	A CharacterMapExpander, which handles any xsl:character-map
declarations in the stylesheet


	A UnicodeNormalizer, which converts character sequences into
composed or decomposed Unicode Normal Form


	A URIEscaper which performs percent-encoding of HTML URI-valued
attributes such as href


	A MetaTagAdjuster which adds, deletes, or modifies <meta>
elements appearing within the <head> element of an HTML or XHTML document



	A CDATAFilter, which wraps selected text nodes in CDATA sections


	An XML10ContentChecker which checks that the output
contains only characters allowed by XML 1.0 (used only in the case where XML 1.1 input is permitted
but XML 1.0 output is required)


	An Indenter, customized to XML, HTML, or XHTML, which adds newlines
and indentation



	An Emitter, customized to XML, HTML, XHTML, or text, which acts as the
final stage of the pipeline, emitting a sequence of characters.






Note that for a given task, the actual serialization pipeline will often contain very few
of these components: if the cdata-section-elements attribute of the xsl:output
declaration is absent, for example, there will be no CDATAFilter on the pipeline.
Moreover, the pipeline may contain components not in the above list: Saxon provides an interface
allowing the serialization pipeline to be customized with additional user-defined components.


Does this design perform well? In some respects, it is not optimized; for example it would be
  possible to implement character map expansion and Unicode normalization in a single “for each character” loop
with fewer instructions than when they are done in separate loops. However, for most workloads this
is more than compensated by the fact that there are no “per event” or “per character” tests for
optional operations that are not actually needed. Much of the logic is carried out at pipeline 
configuration time; if the CDATAFilter is not included in the pipeline, then there
  will be no once-per-node test to say “should this text node be formatted as a CDATA section?” So
the net effect is that the user pays no price for facilities that are not used.


In Saxon, the serializer is implemented as a push pipeline: each component uses a SAX-like
interface to pass XML events to the next stage in the pipeline. This seems a natural design given
that the serializer is writing output, and is thus providing a “write” service to its ultimate client
(which might be the XSLT transformation engine, or a user application). 


Another internal pipeline within Saxon is the schema validation pipeline, used to validate
  instance documents against the rules defined in an XSD Schema [xsd]. This again consists
of a number of components, which in this case are assembled even more dynamically; every time a
start tag is encountered, a new component is added to the pipeline to validate the contents of that
element, and this component is then removed from the pipeline when the matching end tag is found.
Also, if an element defines one or more identity constraints (xs:unique, xs:key,
  and xs:keyref), then a “watch” component is added to the pipeline to watch for elements
that match the select expression of the constraint; when such an element is encountered, a further
“watch” is added to detect and act on elements and attributes that match one of the field expressions
of the constraint. This illustrates one of the benefits of using a push pipeline: it is very easy
for such a pipeline to branch, so that one component pushes a single event to many listeners. In this
case the multiple listeners represent, for example, the multiple fields that can appear in a single
identity constraint, or the multiple identity constraints that can exist for a single element declaration
in a schema. Such branching is not possible in a pull pipeline, for obvious reasons.

    
  
  
  
    Push vs. pull parsing


    For some people, the terms “push” and “pull” are associated primarily with styles of XML parsing.
    In particular, with a push parser API like SAX, the main control loop is in the parser, and the user
    application is invoked to notify significant events such as start and end tags. With a pull parser API 
    like StAX, the main control loop is in the user application, which repeatedly requests the next event 
    by calling the parser.
  

    
    This usage of the terms “push” and “pull” is simply a special case of the way we use the terms in this paper, for
  the case of a pipeline that has two stages only, the XML parser and the user application.

    
  It is probably true that both the SAX and StAX APIs have been designed rather too closely for this
  particular use case (the interface between parsers and user-written applications) rather than for the
  more general requirement of communication between arbitrary steps in a pipeline. In this paper, however,
  we are concerned with general principles and not with the specific design of these two APIs. (StAX, in fact,
  offers two different pull APIs with different trade-offs between functionality and speed, and indeed, it also
  bundles in two complementary push APIs as well.)
 
    
  At the parsing level, the debate between advocates of push and pull parsing APIs hinges primarily on usability, not performance.
  There are some performance differences, but they are fairly marginal. For example, with a pull API it is easier
  for the consumer of the data to skip parts of the document (for example, when a start tag has been notified
  it can skip to the matching end tag), which has the potential to reduce the cost of processing the unwanted
  data. Many of the performance issues relate to how many times character strings are moved from one buffer
  to another, and such factors depend on the fine detail of the API design rather than on whether it is a push
  or pull interface.

    
  As regards usability, pull parsing does appear to be more attractive to many users. I believe this
  is primarily because programmers like to be in control: writing the code that owns the main control loop is
  easier than writing event-driven code. It means, for example, that much of the current state is maintained
  on the stack provided automatically by the programming language, rather than needing to be maintained manually
  on a stack implemented by the user application.

    
  Unfortunately, in a multi-stage pipeline this advantage tends to disappear. Typically only one 
  component in the pipeline can own the main control loop: the others will either be push filters or pull filters.  
  

    
    A difference between pull and push parsing becomes noticeable when the correspondence
      between input and output events is not one-to-one. 
      A push filter can easily generate zero, one, or more output events in response
      to each input event. The same effect can be achieved in a pull filter, but it requires more intricate management
      of state information between calls. For this reason, my experience is that while a pull parser API is attractive
    when the application can then be written as a single control loop, writing a pipeline consisting entirely of
    pull filters is trickier than writing an equivalent push pipeline.

  
  
    
    
  
  
  
  
  Branching and Merging

  
  A significant difference between pull and push pipelines is this: a push component can readily 
    send its output to more than one destination, whereas a pull component can readily read data from more than
  one source. This is illustrated in Figures 2 and 3. 
  By its nature, a push pipeline cannot handle multiple streamed inputs, nor can a pull pipeline
  handle multiple streamed outputs.

    
    [image: Fig 2. Branching in a push pipeline. A component can write to several destinations.]
        
        
Figure 2.Fig 2. Branching in a push pipeline. A component can write to several destinations.


    
    [image: Fig 3. Merging in a pull pipeline. A component can read from several sources.]
        
        
Figure 3.Fig 3. Merging in a pull pipeline. A component can read from several sources.


    
  As already mentioned, a situation where branching is useful is in evaluating uniqueness constraints
  during schema validation. At any given point during a streamed validation of an instance document, any
  number of uniqueness constraints can be active. These might have the same scope (employee number and social
  security number must both be unique over all employees) or they might have different scope (promotion date
  must be unique within an employee history). In Saxon's schema validator, every time a new uniqueness constraint
  comes into scope, a uniqueness monitor for that constraint is activated; all parsing events are distributed
  to all active uniqueness monitors. This design is only possible with a push pipeline.

    
  A situation where merging might be useful is in implementing the XPath 2.0 deep-equal()
  function. One can envisage implementing this by means of a streaming pass over both inputs (especially, say, in the
  case where both operands are calls to the doc() function, the intent being to compare two 
  complete XML documents).
  Any significant difference between the two event streams would then cause the function to return false. This
  is only possible with a pull pipeline. Because Saxon's architecture is predominantly push-based, it does not
  offer a streaming implementation of the deep-equal() function — instead it requires both operands to
  exist as trees in memory.

    
  
  
  
  
  Pipeline Granularity


In the serialization and validation pipelines discussed above, the calls from
  one component to the next are at the level of an “event”. This is similar to a SAX event (start element,
end element, text node, comment node) and so on, except that in Saxon, the internal push interface treats
each attribute as a separate event notified after the start tag; namespaces are also notified as events,
representing a namespace declaration or undeclaration. A pull pipeline can also operate at the same
granularity: in the StAX XMLEventReader interface, a call on nextEvent()
returns an XMLEvent object, which again represents a parsing event such as StartElement,
EndElement, Characters, or Comment. As with SAX, the attributes are delivered as part of the
StartElement event.

    
Saxon's XPath engine, by contrast, makes extensive use of pipelines in which the unit of
data transfer is not a parsing event, but an XPath item (that is, a node or atomic value).
Many XPath operations, especially in XPath 2.0, take sequences of items as
their input and deliver sequences of items as their result. An obvious example is a filter
expression SEQ[PRED], where the output sequence is that subset of the input items that satisfy some
predicate. This kind of list processing is well established in functional programming languages,
and to deliver acceptable performance it is always implemented using pipelines, to avoid
allocating memory to intermediate results. Pipelining also benefits execution through “early exit”:
an operator only needs to read as much of its input as is needed to deliver a result. 
Typically each expression in the expression tree is
represented at run-time by an iterator which delivers the results an item at a time in response to
a call (such as next()) from the consumer of the data; the implementation of this iterator
  in turn makes calls on next() to get data from the iterators representing its subexpressions.

    
 A pull pipeline works well here because in general,
an XPath expression takes input sequences from several subexpressions but delivers a single sequence
as its result. For example, the union operator (assuming its inputs are do not need to be sorted into
 document order, which is usually the case) can be implemented by an iterator that switches between reading from
 its two input streams, never looking ahead more than one item for either.

    
Push processing can also be useful at the item level, however. An example is a recursive function
that operates over a sequence:

    
    
<xsl:function name="f:compute-running-total" as="element(transaction-with-balance)*">
  <xsl:param name="input" as="element(transaction)*"/>
  <xsl:param name="current-balance" as="xs:decimal"/>
  <xsl:if test="exists($input)">
    <transaction-with-balance amount="{$input[1]/@amount}" balance="{$current-balance + $amount}"/>
    <xsl:sequence select="f:compute-running-total(remove($input, 1), $current-balance + $amount}"/>
  </xsl:if>
</xsl:function>


    
A push implementation of this function will typically write each computed element to the output
destination as soon as it is constructed. A pull implementation, unless optimized, is likely to construct successive
sequences of length 1, 2, 3,,, n, with a great deal of copying of intermediate results. Furthermore, a push
implementation can benefit more easily from tail call optimization, whereby on a recursive call the stackframe
of the calling function is reused for the called function, avoiding stack overflow when processing a lengthy
input sequence.

    
Saxon is capable of evaluating this function in either push or pull polarity. As a general rule in Saxon,
tree construction operations (such as xsl:element) work in push polarity; XPath operations that navigate through
an input document work in pull polarity; and flow of control constructs such as function calls or conditional expressions
can work in either direction, generally choosing the polarity of their parent instruction by preference.

 
As well as pipelines that operate at the event level or the item level, XQuery in particular can take
  advantage of pipelines in which the unit of data is a tuple. This underpins the semantics of XQuery FLWOR
  expressions. Currently in Saxon there is only one instance of a pipeline involving tuples, which is needed
  to support certain unusual cases of the order by clause in a FLWOR expression. In future, however,
  tuples will need to be implemented more deeply in the infrastructure as they are essential to the support
  of new facilities in XQuery 1.1 such as grouping and windowing.

    
  
  
    Hybrid Granularity

  
  
  
The Saxon push interface allows both parsing events and complete items to be sent down the pipeline.
This arises naturally from an XSLT instruction such as:



<xsl:element name="x">
  <xsl:attribute name="a" select="1"/>
  <xsl:sequence select="doc('abc.xml')"/>
</xsl:element>



The values passed down the pipeline by this instruction are a start-element event, an attribute event,
  a document node, and an end-element event. This is a hybrid sequence containing both “composed” nodes (the
  document node), and “decomposed” events representing nodes (the start and end element events); the attribute
node fits into both categories.

  
Saxon provides two pipeline filters called compose and decompose. When added
  to a push pipeline, the compose filter acts as a tree builder: a sequence of start-element and 
  end-element events is converted into a tree, which is then passed on down the pipeline as a single composed node.
  The decompose filter does the reverse: if it receives a document or element node, it decomposes this
  into a sequence of parse events. The decision whether to compose a sequence or decompose it is delayed until
it is known what the recipient of the data intends to do with it: if the eventual recipient is a serializer, then
decomposed form is preferred, while if it is a tree builder, on an operation that requires a “real tree” as input,
then composed form is needed.

  
  
  
    When push meets pull

  
  
    Or: When pull comes to shove...

  
  The preceding discussion establishes that there are places where it makes more sense to do pull
  processing, and places where push is more sensible. But we have also seen that changing polarity
  can cause a noticeable performance cost. So what happens when a push pipeline meets
  a pull pipeline?

  
  To make this more concrete, a simple design approach for an XSLT 1.0 processor is as follows:

  
  
    	The source document is built as a tree in memory, typically by a two-stage pipeline consisting
    of a push parser and a tree-builder, perhaps with intermediate filters to perform operations such as
    DTD or schema validation, or XInclude processing.


    	Path expressions in the XSLT stylesheet are evaluated using a pull pipeline in which
    the values passed down the pipeline are (references to) nodes in the source tree.


    	Instructions in the XSLT stylesheet that construct nodes in the result tree are evaluated 
      by sending decomposed events (start-element, end-element, etc). If the result tree is serialized,
    these events can pass directly to the serializer, which itself is implemented as a push component, eliminating
    the need to construct the result tree physically in memory.


  

   
  So we have a push stage, then a pull stage, then another push stage, as illustrated in Figure 4.

    
    [image: Fig 4. Typical structure of an XSLT 1.0 processor.]
        
        
Figure 4.Fig 4. Typical structure of an XSLT 1.0 processor.


    
  Between the parsing pipeline that processes the source tree and the XPath evaluation pipeline that reads
  it, there is a polarity change from push to pull, and this is typically handled by allocating memory to hold
  the complete tree. That is, the pipeline is interrupted; there is a need for a reservoir of memory with
  sufficient capacity to hold the entire source tree. At the same time, there is a latency impact, because the
  second pipeline stage typically cannot start operation until the first has finished.

    
  A similar conflict typically arises in a straightforward implementation of intra-stylesheet pipelines
  based on temporary trees in XSLT 2.0 (or in XSLT 1.0 with the node-set() extension). The chances
    are that a variable holding a temporary tree will actually be materialized in memory — constructed as the final
    destination of a push pipeline — to be read by a pull pipeline that only starts operation once the tree writing
  has finished. Contrast this with a variable that simply holds a sequence of existing nodes or atomic values,
  where the process that creates the sequence and the process that reads it can often be pipelined together,
  avoiding the need to physically materialize the variable's value.

    
  By contrast, passing data from a pull pipeline to a push pipeline is no problem. In between there is
  a component that owns the control loop, reading data from the pull side, and writing it to the push side.

    
    Once pipelines become more complex, the turbulence caused by push/pull conflicts can have
      a significant effect on performance. The flow is interrupted every time such buffering occurs, and this does affect both
      memory usage and latency. A recent paper [Kay2008] explores the effect of changing certain pull/push decisions
      within the Saxon XQuery processor. This examines the behaviour of a particular query in the XMark benchmark:

    
    
      	Using default execution with push polarity, the query takes 1926ms


      	Forcing the query to run with pull polarity, execution time increases to 3496ms,
        because of the need to buffer the result tree before serialization.


      	Running the query as a whole with push polarity, but using pull polarity for the
        FLWOR expression that computes the content of the main result element gives a run-time of 2720ms


    

    
    The conclusion to be drawn from these results is not that push is better than pull or vice versa, but
      that changes in polarity as the data passes down the pipeline are
      expensive and need to be avoided.
 
    
    The problem is probably worse in XQuery than in XSLT. XSLT has two sublanguages: the XSLT
    instruction set, and the XPath expression language. It makes sense for XPath expressions to pull, and for
    XSLT instructions to push. Because the two sublanguages are independent and don't compose very well, this
    generates relatively few conflicts. By contrast, XQuery is a single language where these constructs are
    fully composable, and using the same evaluation strategy is therefore likely to lead to more turbulence.

    
  There is an alternative way to graft a push pipeline to a pull pipeline. Rather than allocating
  memory to hold the accumulated data, it is possible to operate the two in separate threads. With two threads there can
  be two control loops. Data written by the push thread can be placed in a cyclic buffer, from which the pull
  thread can read it, as illustrated in Figure 5.

    
    [image: Fig 5. Using a cyclic buffer to resolve a push-pull conflict.]
        
        
Figure 5.Fig 5. Using a cyclic buffer to resolve a push-pull conflict.


    
  Saxon uses this technique to support the limited kind of streamed processing available in Saxon-SA 9.1
  and earlier releases [see saxon-streaming]. Although this offers limited functionality, it has proved a boon to those users who
  need to handle source documents in the gigabyte range, stretching the capacity of available real memory.
  The idea here is that the result of an expression such as doc('big.xml')//unit can be
  delivered (piped) as a sequence of unit elements, each of which is a small subtree
  of the original large document. Many transformations (as noted by [McGrath2004] have the 
    characteristic that the transformation can be effected by dividing the source documents into a sequence of
    small trees rooted at what McGrath calls a fulcrum element, applying a transformation to each of these subtrees,
    and then combining the results back into a single result tree; this construct is explicitly geared to
    this kind of transformation. To satisfy the semantics of the language, it is only possible to do this
  if the expression appears in a context where the subtree is copied, for example 
    <xsl:copy-of select="doc('big.xml')//unit"/>. This is because without the copying,
  the recipient of the data would be allowed to navigate away from the unit element using
  XPath axes such as parent or following-sibling. With a copy, the unit
  element becomes a standalone (parentless) element, so any attempt at such navigation returns nothing.
  Of course there is no real copying going on here: it's just that the system behaves as if it built a large
  tree containing the whole source document, and then copied small parts of it to be processed one at a time.

    
  The subset of XPath that Saxon allows to be used in this streaming mode is quite restrictive. It is
  based originally on the subset defined in the XML Schema specification for the definition of
  uniqueness and referential integrity constraints. It only allows downward selection. Unlike Saxon's usual strategy
  for XPath evaluation, this streaming subset of XPath is evaluated in push polarity: a SAX parser is used to parse
  the source document, and the resulting events are then passed through a series of push filters whose effect
  is to reduce the document to a sequence of elements representing the parts selected by the path expression (the fulcrum elements).
  The remaining events then go to a tree builder which builds each element subtree in turn as a real tree in memory;
  the sequence of nodes representing the fulcrum elements are then pushed into a cyclic buffer where
  they are read by the pull pipeline (in a separate thread) that consumes the data and transforms it using 
  further XSLT instructions.

    
  It would be possible to avoid this two-thread approach by reimplementing the first stage as a pull
  pipeline, starting with a pull parser (StAX), and then filtering the parsing events in pull polarity. There
  are several reasons this has not been done. Firstly, the code was originally written to work within Saxon's
  schema validator (which works in push polarity), and it would be costly to rewrite it. Secondly, as
  already discussed, writing pull-based filters is probably more difficult than writing push-based
  filters. Finally, all other processes that can take place on the parsing pipeline, for example schema validation,
  would also need to be rewritten to operate in pull polarity, and this is simply not a practical proposition.
  Nevertheless, it needs to be recognized that the current design is an engineering compromise. But as such
  it is convenient to the purpose of this paper, because it exemplifies the fact that when you want to reuse
  streaming components, you will sometimes find that some of them have the wrong polarity.

    
    
    
  
  
  
    Coroutines

    
    Handling the push-pull conflict using multiple threads, as discussed in the previous section,
    is actually overkill. Threads offer two significant features: each thread has its own execution stack
    to maintain state, and each thread can be independently scheduled. We need the first feature, we don't need 
    the second. Or to put it another way, we don't really need threads at all: we need coroutines. (In fact,
    we can probably make do with the restricted kind of coroutine sometimes called a 
    generator; but the terminology in this area varies). 

    
    The key idea here is that two components can each be written as a loop, maintaining whatever
    data they wish in local variables within the loop. One component issues write calls
    within its loop to push data out; the other issues read calls within its loop to pull data in.
    When the writer issues its write request, control passes to the reader at the point where it issued its read 
    request; and when the reader issues its read request, control passes back to the writer so that it can
    compute its next output and write it.

    
    Of course, this extends to a pipeline with more than two components. It also extends to a branching
    pipeline in which one component writes several output streams for consumption by different readers.
    And to a merging pipeline, in which one component reads from several input streams supplied by different
    writers. Essentially it means that as far as the programmer is concerned, there are no push or pull components
    any more: every component owns its own control loop. This, as we have seen, should simplify the programming
    of the component, and it should also improve reusability, since components are no longer restricted to operate
    in either a push or pull pipeline: they can work in both.

    
    How come this doesn't lead to deadlocks? The answer is that you can't have
    a general graph of coroutines reading and writing to each other, as you can with threads. The coroutines are
    not true peers; there has to be a hierarchic control relationship represented by the way in which they
    are originally invoked.

    
    Unfortunately this concept, to be usable in practice, requires support from the programming language
    and compiler, which is rarely forthcoming in modern programming languages, though the yield
    construct found in Javascript and C# comes close.

    
    However, XSLT is a programming language, and we are in control of its compiler, so this raises the
    question of whether user-level intra-stylesheet pipelines can indeed be implemented as coroutines.
    Specifically, can we generate code from XSLT templates such that the XSLT code that writes data to
    a temporary tree runs as a coroutine alongside the XSLT code that reads data from the temporary tree?
    In principle, one of the major benefits of having a stateless declarative language like XSLT is that
    the implemented execution model can diverge dramatically from the structure of the code as seen by its 
    author.

    
    Clearly this is only going to work if the temporary tree is processed
    in a sequential manner. This caveat eliminates many cases: it reflects the fact that a push-pull
    conflict is not the only reason that pipelines break down; they also break because of ordering conflicts
    (data needs to be sorted), or because, in the case of a pull pipeline, data cannot be supplied to more than
    one client in a streamed manner. But if we work on the assumption, for the moment, that we can identify
    an XSLT process that reads a temporary tree in a sequential manner (we'll come back to this later), then in principle
    we should be able to run this as a coroutine alongside the process that writes the tree, without buffering
    the tree in memory.

  
    At this point, it will be useful to rediscover the concept of program inversion, an idea
    from the days of sequential data processing using magnetic tape, that was designed 
    specifically to tackle this problem.

  
    
  
  
  
    Jackson Structured Programming and the Concept of Inversion

    
    Michael Jackson (not the singer) developed the method of program construction known
    as JSP (Jackson Structured Programming) initially as a way of designing the batch processing
    systems of the 1960s and early 1970s, characterised by their use of sequential 
    data files stored on open-reel magnetic tapes. The method is fully described in a 1975 book
    [Jackson1975], but most readers will find it easier to consult a 
    retrospective analysis written by Jackson in 2001 [Jackson2001]

    
    The files used in these systems were generally organized as a hierarchy (for example,
    customers, orders, then order lines) and were processed sequentially. There was insufficient
    main memory to hold more than a fraction of the file contents: a reel of magnetic tape held typically
    20Mb, while 128Kb of main memory was considered generous. So processing consisted of reading one or more
    tapes sequentially, typically a master file and a transaction file containing details of changes,
    merging the data from the multiple inputs, and then writing the output
    to another tape.

    
    The essential principle of JSP was the idea that the structure of the program should mirror
    the structure of the data. JSP used a graphical notation to represent hierarchic structure embodying
    the basic elements of sequence, choice, and iteration, and this same notation was used to represent the
    structure both of the data and of the resulting program. The notation is illustrated in Figure 6.
    In his retrospective, Jackson acknowledges
    that the ideas he was advocating had a great deal in common with parallel developments in compiler-writing;
    his graphical notation was essentially a BNF schema for data files, and his program structure similar to 
    that of a recursive descent parser derived from that grammar. But of course no-one saw it that way at 
    the time: compiler technology was still in its infancy.

    
    [image: Fig 6. Jackson notation for sequence, iteration, and choice.]
        
        
Figure 6.Fig 6. Jackson notation for sequence, iteration, and choice.


    
    So, what happens when the structure of the output file does not correspond in a simple way
    to the structure of the input? This is known as a structure clash.
    Jackson identified three kinds of structure clash:

    
    
      	An interleaving clash, typically involving
      transformation of a single input sequence (all employees, say) into multiple output
      sequences (employees by department)


      	An ordering clash, involving sorting the data
      into a different order


      	A boundary clash, involving constructing
      a new hierarchy for the existing records without changing their order (in the language of the markup world,
      this is the problem of parallel hierarchies running through the same data, with one hierarchy being
      primary in the input and a different hierarchy being primary in the output). 


    

    
    Of these, the one that caused most problems in program design was the boundary clash, and
    Jackson's approach to solving it was to split the process into two phases, a flattening phase that
    eliminates the first hierarchy, followed by a grouping phase that imposes the second hierarchy.
    So we see that the notion of the pipeline as a mechanism for breaking down the processing of hierarchic data
    has a long pedigree.

    
    In the world of magnetic tape, the problem was that the output of one phase of processing was typically
    written to tape, to be read again by the next phase. Since writing 20Mb of data to a tape could take an hour,
    this clearly created a problem, and this is where the idea of inversion comes into the picture.

    
    Jackson recognized that the intermediate file could be eliminated if, instead of the second phase
    of processing owning its own control loop, it were rearranged to be called by the first program every time
    another record became available. JSP refers to this rearrangement as an inversion. Crucially, Jackson
    recognized that this did not necessarily mean that the second phase had to be written in what we would
    now call a “push” style: inversion was a mechanical transformation of a program text that could be performed
    by a compiler. Jackson went on to produce a COBOL preprocessor that automated this task.

    
    Again there is a similarity with compiler technology. A bottom-up parser is an inversion of the
    top-down parser for the same grammar; whereas the top-down parser has the structure Jackson would advocate,
    mirroring the structure of the input file, the bottom-up equivalent is event-driven. The challenge in writing
    a correct bottom-up (push) parser for a complex grammar is considerable, because of the difficulty of
    maintaining state between calls; but the task can be automated given a high-level description of the
    grammar to be processed.

    
    The relationship between a conversational application and a transactional one is another example
    of an inversion. A conversational application owns the control loop and issues write requests to talk to the
    user, and read requests to get their replies. This relies on the application retaining state in main memory (or
    paged out to secondary store) while waiting for user responses, which severely limits concurrency.
    A transactional application, whether written according to the conventions of a traditional mainframe TP 
    monitor or according to the more modern architecture of the web, is event-based: a message from the user
    activates the application, which has to retrieve the state of the conversation from some holding place,
    process the message, and then save the state again before replying to the user.

    
    The UK mainframe manufacturer
    ICL developed a very successful fourth-generation application development environment under the name
    RADS (it was subsequently marketed as QuickBuild) [Brown1981, Cosh1981]. 
    QuickBuild was designed according to JSP principles. 
    Interactive applications were written in a conversational style (as if they owned the control loop), and
    were then automatically compiled into transactional code - again, an automated inversion. A similar
    idea can also be seen in the scripting language used by the Cocoon framework [cocoon-flow].

    
    In all these examples, the user achieves the benefits that come from writing the application
    as a controlling application (maintainability, readability, reusability) combining these with the
    improvements in system performance that come from using a push-based control model.

    
    How does inversion actually work? Essentially, whereever the application issues a read request
    for more data, this needs to be translated into instructions that save the state (including the reentry point),
    and exit. Then a new entry point needs to be created for the module, to be invoked when data becomes available,
    which restores the state and resumes execution at the correct entry point. Typically the state here means
    the data on the stack, together with the reentry point (or program counter). 
    This state is sometimes known as a continuation;
    some modern programming languages, even if they do not compile inverted code automatically, offer continuations
    as a way of achieving a similar effect by hand. The yield construct in C# is an example.

    
    Inversion does not depend on a program being written in a declarative language like XSLT with
    no immutable variables. But it becomes a lot easier to analyze the language to determine what parts of the state
    are significant, and to avoid saving and restoring unnecessary parts of the state, if the language is
    sufficiently high level. The essential requirement is not that variables are immutable, but that it
    is clear from static analysis which variables need to be preserved as part of the state. In the case
    of XSLT, the term “variables” here includes the dynamic execution context: that is, the context item,
    position, and size, as well as more obscure context variables such as the current grouping key and current
    mode. The next section explores inversion of XSLT programs in more detail.

    
  
  
  
    Inversion in XSLT

    
    Let's look at inversion in XSLT. Specifically, let's take a simple stylesheet and see how it can
      be compiled in such a way that it is driven by push events coming from the XML parser, and in turn
      drives the serializer by issuing similar push events. Such a stylesheet would be fully streamable,
      allowing execution without building either the source tree or the result tree in memory.

    
    Clearly not all stylesheets are fully streamable in this way, and it's not the intent in this
      paper to try to define exactly what conditions a stylesheet must satisfy in order to be streamable.
      The XSL Working Group in W3C is currently working on this problem, and hopefully will publish its first
      results soon after the Balisage 2009 conference. The focus here is on a different problem:
      having determined the code is streamable in principle, how do we actually arrange the execution to
      perform streaming?

    
    
      Inverting a single-phase stylesheet

    
    We'll start with a single-phase stylesheet, one that is self-evidently streamable in that the push
    events needed to construct the result tree are a subsequence of the push events representing the source tree. 
    Hopefully if we can establish that a single-phase streamable
    stylesheet can be inverted, it should then be possible to see how multiple streamable phases can be
    pipelined together without allocating memory for buffering intermediate results.

    
    Here is a simple stylesheet that deletes all the NOTE elements from a source
      document, wherever they appear.

    
    
      <xsl:stylesheet version="2.0" xmlns:xsl="http://www.w3.org/1999/XSL/Transform">
      
      <xsl:template match="*">
        <xsl:copy>
          <xsl:copy-of select="@*"/>
          <xsl:apply-templates/>
        </xsl:copy>
      </xsl:template>
      
      <xsl:template match="NOTE"/>

      </xsl:stylesheet>

    
    XSLT 2.0 describes the semantics of this code in terms of functional composition: 
    xsl:apply-templates is an expression that returns a result (which in this case will
    always be a sequence of elements); this sequence is then used as an operand of the containing
    instruction (xsl:copy), which copies these elements, adding a new parent element to
    construct a larger tree at each stage of processing.

    
    In practice, however, the execution model is likely to be closer to the way XSLT 1.0 
    describes the semantics. The 1.0 specification talks of instructions writing nodes to the result tree:
    that is, of data being pushed to the next stage in the pipeline. It's easy to visualize the start
    and end tags of the xsl:copy instruction as if they were separate sub-instructions, one 
    pushing a startElement event to the result, the other pushing a matching 
      endElement event.

    
    One can see this effect at work in Saxon's XQuery compiler. Saxon-SA has the capability to compile
    XQuery to Java source code, which makes the execution strategy rather visible. Given this query:

    
    
    <e>
      <date>{current-dateTime()}</date>
    </e> 

    
    the resulting Java code (simplified only very slightly for comprehension) is:

    
    
    public void process(final XPathContext context) throws XPathException {
        SequenceReceiver out = context.getReceiver();
        out.startElement(name_e, type_untyped);
        out.startElement(name_date, type_untyped);
        out.append(context.getCurrentDateTime());
        out.endElement();
        out.endElement();
    }

    
    This query, of course, reads no data: it was chosen deliberately to show how the construction
    of the result tree is optimized away. Although Saxon's XSLT processor does not have the ability to generate
    Java code, the execution model of the interpreter follows the same pattern. If it did generate code, the
    code for the identity template in our example stylesheet would look something like this (this is idealized
    code; it leaves out messy details such as maintaining the context position):

    
    
    public void template1234(final XPathContext context) throws XPathException {
        SequenceReceiver out = context.getReceiver();
        NodeInfo current = context.getCurrentNode();
        out.startElement(current.getNodeName(), type_untyped);
        Iterator attributes = current.iterateAxis(Axis.ATTRIBUTE);
        while (attributes.hasNext()) {
            NodeInfo attr = attributes.next();
            out.attribute(attr.getNodeName(), attr.getStringValue());
        }
        XPathContext context2 = context.newContext();
        Iterator children = current.iterateAxis(Axis.ATTRIBUTE);
        while (children.hasNext()) {
            NodeInfo child = children.next();
            applyTemplates(child, context2);
        }
        out.endElement();
    }      
    

    
    We can see that this code is written in the form of a control loop. It reads its input using
    imperatives such as children.next() (and, indirectly, via applyTemplate()),
    and it writes its output using imperatives such as startElement() and endElement().
    To make this code streamable with respect to the input from the parser, we need to invert it. It will 
    end up looking something like the code for the Saxon schema validator. This maintains a stack of
    element handlers, one for each currently open element; if an element is being processed by a template
    rule, then the element handler would be a class with methods startElement() and 
    endElement() which for the identity template would look something like this:

    
    
    public State startElement(final XPathContext context) throws XPathException {
        SequenceReceiver out = context.getReceiver();
        NodeInfo current = context.getCurrentNode();
        out.startElement(current.getNodeName(), type_untyped);
        return applyTemplatesState ;
    }
    
    public void endElement(final XPathContext context) throws XPathException {
        SequenceReceiver out = context.getReceiver();
        out.endElement();
    }        
    

    
    
    The object applyTemplatesState is the continuation,
    the data that tells the despatcher what to do next: in this case, to select template rules to process
    the events representing children of this element, adding those templates to the stack of state information.

    
    The inversion of a template will not always be as simple as this, of course. In general on exit from
    the startElement() call, all information about current variables and the current context
    needs to be saved on a stack, and restored from the stack when endElement() is called.
    If the template contains an xsl:choose instruction, the retained state information will need
    to remember which branch of the choice is active, and so on.

    
    If the template uses xsl:for-each to process the children of the context node,
      the simplest way to handle this is probably by rewriting the xsl:for-each as a call
    on xsl:apply-templates in some singular mode, passing all the in-scope variables as parameters.
    This reduces the number of cases that need to be handled by the inversion logic. Other more complex constructs
    such as xsl:for-each-group, however, still need individual treatment if they are to be made
    amenable to streaming.

    
    
    
      Inverting a multi-phase stylesheet


      A multi-phase stylesheet typically uses a temporary tree (or sequence) in a variable
      to hold the intermediate results that form the output of one phase and the input to the next.
      Ideally each phase will use a different mode:

      
      
     <xsl:variable name="phase1output">
       <xsl:apply-template select="/" mode="m1"/>
     </xsl:variable>
     
     <xsl:variable name="phase2output">
       <xsl:apply-templates select="$phase1output" mode="m2"/>
     </xsl:variable>
     
     <xsl:template match="/">
       <xsl:apply-templates select="$phase2output" mode="m3"/>
     </xsl:template>
     

      
     Provided it can be established that the processing of a temporary tree such as
     phase1output is streamable (which, as we have said, is beyond the scope of this
     paper), there is essentially no additional difficulty in pipelining the different phases
     together in such a way that the intermediate results are not buffered in memory. Phase 1 writes
     to phase1output by pushing events; the inverted code for phase 2 is immediately activated
     to process these events as they occur.

      
    
    
      Must it be pushed, or can it be pulled?

      The previous sections describe how XSLT code, considered as a control loop, can be inverted
      with respect to its input, so that it acts as a push filter, processing events originating from the
      previous phase of processing.

      It's reasonable to ask whether one could not equally well invert the code with respect to its
      output, so that it acts as a pull filter, responding to requests for more data originating from
      the subsequent phase of processing, that is, from the consumer of its output.

      The answer is that this is also possible, though I have not explored this avenue in as much
      detail: because the Saxon serializer and schema validators work only in push polarity, there is a strong
      tendency to use push polarity for everything else as well.

      
      We have already seen that the key difference between push and polarity is that a push
      component can send data to multiple recipients, whereas a pull component can read data from multiple
      sources. XSLT in its current form has few constructs that requires the ability to
      stream input from multiple sources in parallel (the example of the deep-equal() function
      was a little contrived). An xsl:merge instruction is under consideration
      for XSLT 2.1, and one can see how this would benefit from streamed processing in pull polarity.
      Meanwhile it should be evident how the ability of push pipelines to branch to multiple destinations could be
      exploited in cases where one component in a pipeline writes temporary data to a variable, and
      two separate components both read from this variable. If both these components are streamable, there
      is no reason why the fact that the variable has more than one reader should result in it being
      buffered in memory; the events generated by the component that writes to the variable can be broadcast
      to all the readers of the variable, provided that each of them is streamable with respect to that
      variable.
      

      
      So, inversion into pull polarity is possible, but inversion to push code seems to have
      more practical utility at present.

    
    
  
  
  
  Conclusions

  
  Pipelines have been recognized for many years as a good way to structure XML applications,
  and the emergence of XProc as a standard language for describing pipelines can only encourage this.
  For performance, the stages of a pipeline should communicate by means of streams of events.
  Traditionally, this can be done either by writing components with pull polarity (the consumer calls
  the supplier when data is required), or by components with push polarity (the supplier calls the consumer
  when data is available). Performance problems arise when components with different polarity are mixed
  within the same pipeline.

    
  This is seen within the internal pipelining of an XSLT processor. The scaleability of XSLT is limited
  because most processors build the source tree in memory. This is sometimes needed because the transformation
  accesses the data not in its original order; but in many cases the tree is built only because of the polarity
  clash that exists between the push operation used by the XML parser and validator, and the pull operation
  used by the XPath processor when navigating the tree. Many XSLT processors avoid building the result tree
  in memory, and this is because there is no polarity clash: the XSLT instruction evaluation and the result tree
  serialization both operate with push polarity.

    
  This problem is not new. Jackson tackled it when designing batch processing systems using magnetic tape.
  He formalized the concepts of structure clashes that prevent streamed operation, and he developed the idea
  of program inversion as a way of automatically transforming a pull program to a push program or vice versa.
  What this paper has attempted to do is to demonstrate that the same ideas can be applied to the XML-based
  pipeline systems of today. As the usage of XML increases and more and more users find themselves applying
  languages like XSLT and XQuery to multi-gigabyte datasets, a technology that can remove the problems
  caused by pipeline polarity clashes has great potential.
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    Why Guidelines?

    

Data exchange specifications for electronic business (e-business)
applications describe in a computer-interpretable fashion the
information to be transferred between systems. Thanks to the ubiquity
and success of the Extensible Markup Language [xml]
as an implementation technology, these specifications are often
encoded using XML schemas [xsd]. XML's approval as a
World Wide Web Consortium (W3C) Recommendation in 1998 precipitated a
deluge of proposed XML schemas for data exchange [cover], many of them rigidly designed for a specific
vertical area of application. Most of these schemas were subsequently
abandoned as developers learned that having too many non-interoperable
languages hinders rather than enables systems integration.

    

    

Recognition of the need for interoperability led to a drive to
standardize XML schemas meeting two
requirements: 
	

Customizability – to enable
interoperable extensions to be added,



	

Inclusiveness – to facilitate use in
multiple contexts.




 These customizable and inclusive
schemas are more horizontal in nature and fewer in number than the
first generation of proposed schemas. Examples from the e-business and
e-government domains include the Universal Business Language [ubl], the Open Applications Group Integration
Specification [oagis], and the National Information
Exchange Model [niem] standards.

    

    

Unlike e-business and e-government, where the use of markup language
for data exchange is a relatively recent phenomenon, customizable and
inclusive standards for textual documentation have been around for
decades and predate the advent of XML. Examples of widely used
horizontal and extensible XML schema standards for text documentation
include DocBook [docbook], Darwin Information Typing
Architecture [dita], the Text Encoding Initiative
[tei], and S1000D [s1000d]. These
documentation standards (with the exception of DITA) have been in
existence longer than UBL, OAGIS, and NIEM.

    

    

Whether they apply to e-business or text processing applications,
interoperable data exchange specifications must be both inclusive
enough to appeal to a broad community of developers and customizable
enough to allow developers to add new elements when needed. This is
where guidelines — or rules — come
into play. A schema that is inclusive is typically loosely specified
in order to make it acceptable to the community at large. This means
heavy use of optional elements, optional attributes, unrestricted data
types and, possibly, unconstrained content models. The result is a
schema that often needs to be more tightly constrained for specific
use cases, by mutual agreement of the actors involved. Such guidelines
are commonly called business rules.

    

    

As a simple example of a business rule adding an additional constraint
to a schema, consider a data exchange schema with an element
policy, where policy has an attribute
status whose type is a string. Now suppose that a group
implementing the schema adds a business rule to further constrain
status to be one of an enumerated set of
values. Validating an XML instance is now a two-step process. First,
the instance is validated against the original schema. If the instance
is schema-valid, it is then validated against the business rule. Figure 1 shows the validation steps.

    

    [image: Validation of an instance against a schema with an added business rule.]
	
	
Figure 1.Validation of an instance against a schema with an
	  added business rule.


    

XML schema Naming and Design Rules [ndr] are a
noteworthy special case of business rules. An NDR is a set of
guidelines for developing a new XML schema or extending an existing
schema.  NDRs are useful both for promoting good design practice and
for ensuring that schema developers follow consistent naming
conventions. NDR validation is similar to the general case shown
in Figure 1, except that the XML schema is a
schema defining the syntax of the XML schema definition language, the
XML instance is a schema specified in that definition language, and
the business rules are an NDR. Figure 2 shows an
example where an XML schema containing a complex type definition
containing an all group is validated against an NDR with
a rule forbidding the use of all.

    

    [image: Validation of an XML schema against an NDR.]
	
	
Figure 2.Validation of an XML schema against an NDR.


    

The NDR approach is applicable to any schema language with an XML
syntax and a “schema for schemas” defining the grammar
of the schema language. However, NDRs are most often used to promote
quality and interoperability of schemas written in the W3C XML schema
definition language. This is because many large-scale data exchange
specifications are defined using W3C XML schemas, and standards
developers have found that the W3C XML schema definition language's
many features must be used judiciously to ensure that extensions are
compatible with one another and with the base schema.

    

  
  
    Implementing Guidelines with Schematron

    

To summarize the previous section, XML data exchange schemas need to
be both inclusive and customizable, guidelines known as
business rules are used to make an inclusive
schema more restrictive to a subset of the exchange schema's users,
and guidelines known as NDRs are used to control
the use of the exchange schema's definition language for the purpose
of ensuring that schema extensions are interoperable. Many data
exchange standards allow both for the addition of constraints via
business rules and for the addition of extensions as permitted by an
NDR.

    

    

But guidelines in and of themselves are of only limited value unless
they are implemented in software. Without automated enforcement,
guidelines may be subject to multiple human interpretations. Also, a
set of guidelines may be inconsistent, making it impossible for an XML
document to satisfy one guideline without violating another. While
implementing guidelines does not prevent these problems, the
implementation process often makes ambiguities and inconsistencies
more obvious and thus more likely to be discovered and remedied. Most
important, automating guideline enforcement makes it more likely that
the guidelines will actually be followed as opposed to relying on
human diligence alone.

    

    

Because NDRs are a special case of business rules, any implementation
method for business rules is also applicable for NDRs. Although just
about any computer-interpretable language is a potential guideline
implementation method, a popular choice is Schematron [schematron], a schema language for XML. Schematron differs
from other schema languages in that it is rule-based and uses XPath
[xpath] expressions instead of grammars. Instead of
imposing a grammar on an XML document, a Schematron processor applies
assertions to specific context paths within the document. If the XML
document fails to meet an assertion, a diagnostic message supplied by
the author of the Schematron schema is displayed. Because Schematron
supports assertions about arbitrary patterns in XML documents,
Schematron can enforce constraints that would be hard to enforce using
grammar-based schema languages. Also, Schematron's modular, rule-based
syntax and author-supplied diagnostic messages make it an attractive
method for implementing guidelines[1].

    

    

Figure 3 shows how NDRs, business rules, and
Schematron fit together in the context of data exchange schema
interoperability. The NDR controls how the schema is extended should
new definitions need to be added. The business rules facilitate
inclusiveness by allowing a broad-based consensus standard to coexist
alongside additional constraints required by exchange partners. Both
the business rules and the NDR (which is effectively a set of business
rules restricting the language — typically the W3C XML schema
definition language — used to specify the exchange schema) may
be implemented in Schematron. This implementation scenario sets the
stage for the next section's discussion of implementing guidelines using
a literate programming approach.

    

    [image: Using NDR, business rules and Schematron to ensure exchange schema interoperability.]
	
	
Figure 3.Using NDR, business rules and Schematron to ensure
	  exchange schema interoperability.


  
  
    A Literate Programming Approach

    

Literate programming [knuth, litprog], a software development method invented by Donald
Knuth, seeks to free implementers from the confines of computer
language syntax — allowing them to code in a manner more
consistent with human thought processes than traditional programming
paradigms. Literate programming elevates human narrative to the same
status as computer-interpretable code by allowing them to be
co-mingled together in a “web.” A literate programming
system includes tools for “weaving” formatted
human-readable documentation from the source and
“tangling” (i.e., rearranging) the source to produce
compilable code.

    

    

In traditional approaches, documentation for human consumption such as
source code comments, algorithm descriptions, requirements, and design
rationale has second class status relative to computer-interpretable
code. Even when source code in traditionally-developed software is
well-documented with comments, the comments serve as an aid to
understanding the code rather than something from which the code
evolves. Because XML is well suited both for data exchange between
software applications and for producing human-readable documentation
in numerous formats, XML and literate programming are a good
fit. Therefore, it is no surprise that a number of literate
programming-inspired XML applications have been developed [reiss]. One of the more well-known of these is “One
Document Does it all” (ODD) [ODD], a literate
programming XML vocabulary from which TEI schemas and documentation
can be generated [Roma].

    

    

Schematron is a particularly useful literate programming tool for
documenting and implementing guidelines. Schematron's syntax mimics an
itemized list of guidelines. Schematron gives authors full flexibility
in specifying diagnostic messages triggered upon an assertion passing
or failing. And Schematron allows for “always-true”
assertions, enabling guidelines that are untestable or unimplemented
to nevertheless be included in the Schematron schema. Consider the
following rule, adapted from [jelliffe]:



<sch:rule context="/">
   <sch:assert test="true()"  role="Untestable" >The document shall 
be maintainable</sch:assert>
   <sch:assert test="true()"  role="UnImplemented" >All terms must be
standard English words.</sch:assert>
</sch:rule>



A Schematron processor will not check for these two
constraints. However, the Schematron language not only allows for
expressing text describing the constraints, but also provides
constructs such as the role attribute for metadata.
Additionally, Schematron processors ignore foreign markup and child
elements inside foreign markup, making it easy to intersperse the
Schematron syntax with content marked up in a text documentation
language such as DocBook or the Extensible HyperText Markup Language
[xhtml].

    

    

Consider the following Schematron schema containing two business
rules. The first rule, from Figure 1, restricts a
policy's status to an enumerated set of values. The second rule, a
co-occurrence constraint, requires an “approved” policy
to have an effective date.



<sch:schema xmlns:sch="http://purl.oclc.org/dsdl/schematron"
	    xmlns="http://www.w3.org/1999/xhtml">
  <sch:title>Business Rules</sch:title>
  <sch:pattern>
    <sch:rule context="policy">
      <h3>Rule 1</h3>
      <p>A policy's status must be either <strong>draft</strong>,
<strong>approved</strong>, or <strong>deprecated</strong>.</p>
      <sch:assert test=
"@status = 'draft' or @status = 'approved' or @status = 'deprecated'">
Value for attribute 'status' of element 'policy' is not one of
'draft', 'approved', 'deprecated'.</sch:assert>
    </sch:rule>
    <sch:rule context="policy/@status[. = 'approved']">
      <h3>Rule 2</h3>
      <p>An approved policy must specify an effective date.</p>
      <sch:assert test="../@effectiveDate">
Value for attribute 'status' of element 'policy' is 'approved', but
attribute 'effectiveDate' is not present.</sch:assert>
    </sch:rule>
  </sch:pattern>
</sch:schema>



This is a perfectly valid Schematron schema, even though it contains
XHTML markup. The XHTML-enhanced Schematron exemplifies the literate
programming ideal of a single source co-mingling processable code with
documentation, where the code and documentation have equal status. The
Schematron-valid source can be used as-is by a Schematron processor to
validate an XML instance against the business rules — no
literate programming “tangling” operation is needed. The
formatted web page shown in Figure 4 is
generated using a very simple transformation accomplishing the
literate programming “weaving” operation.

    

    [image: Documentation generated using a simple transformation of the Schematron schema.]
	
	
Figure 4.Documentation generated using a simple transformation
	  of the Schematron schema.


    

Although the example uses XHTML rather than DocBook for enhancing the
Schematron, DocBook may actually be more suitable since the DocBook
data model is designed specifically for representing technical
documentation. I choose XHTML over DocBook for the examples in this
paper purely as a convenience to myself and to readers. Generating
formatted output from XHTML is easy. And anyone familiar with XML
technologies has seen XHTML syntax.

    

  
  
    The NDRProfile Experience

    

The previous section presented the case for implementing guidelines
using a Schematron-based literate programming approach. This section
discusses a recent effort employing a non-literate programming
approach to guidelines (specifically NDR) development.

    

    

The National Institute of Standards and Technology (NIST) Quality of
Design (QOD) application [morris] provides a
mechanism for checking XML schema design quality against NDRs in a
collaborative environment.  Recognizing the need for an XML vocabulary
to represent NDRs, NIST created NDRProfile [harvey]
— an XML schema providing a common format in which NDRs can be
exchanged, managed and reused. Although the NDRProfile schema's
development was inspired by QOD, the schema can be used independently
of QOD, either as a means of authoring an NDR document or as a vehicle
for sharing rules between NDRProfile schema-compliant software
applications.

    

    

Unlike the previous section's example co-mingling Schematron and
XHTML, NDRProfile represents a set of guidelines using its own
specialized vocabulary. Implementations of each guideline are
specified using a script element whose content is
computer-interpretable code, most commonly Schematron code. The
following is an example of an NDRProfile instance containing a single
NDR rule for UBL prohibiting the use of the XML Schema
all element.

    

    
<NDRProfile NDRProfileID="prd-UBL-NDR-2.0">
  <NDRTitle>Universal Business Language Naming and Design Rules</NDRTitle>
  <OrganizationInformation>
    <OrganizationName>OASIS</OrganizationName>
    <ContactURI>http://www.oasis-open.org</ContactURI>
  </OrganizationInformation>
  <Guidance guidanceID="UBL-2.0-GXS-8">
    <Classification>General</Classification>
    <EnforcementLevel>Mandatory</EnforcementLevel>
    <Status>Draft</Status>
    <Testability>Fully-Testable</Testability>
    <GuidanceText>xsd:all MUST NOT be used.</GuidanceText>
    <TestCases>
      <TestCase testCaseID="UBL-2.0-GXS-8-1" ruleType="ISO-Schematron">
	<TestName>GXS8</TestName>
	<Script><![CDATA[
<?xml version="1.0" encoding="UTF-8"?> 
<schema xmlns="http://purl.oclc.org/dsdl/schematron"> 
  <ns uri="http://www.w3.org/3301/XMLSchema" prefix="xsd"/> 
  <pattern id="UBL-2.0-GSX-8"> 
    <rule context="xsd:all">
      <report test="true()">Error: The xsd:all element MUST
NOT be used.</report></rule></pattern></schema>
]]></Script></TestCase></TestCases></Guidance></NDRProfile>
    

    

This example illustrates a number of disadvantages of the NDRProfile
schema design relative to the approach discussed in the previous
section. Because NDRProfile does not permit foreign markup, the
Schematron code in the script element must be either
enclosed in a CDATA section, or the left angle brackets must be
escaped. This not only makes the instance uglier, but also requires
extraction of the Schematron code before it can be executed by a
Schematron processor. In the previous section's example, no extraction
is necessary because the document is already a valid Schematron
schema.

    

    

Another disadvantage is that NDRProfile lacks the elegance of the
literate programming approach. The code is a second class citizen
relative to the documentation, so the documentation and code do not
share equal status. In fact, an NDRProfile developer is likely to
write the Schematron code as a separate endeavor from authoring the
NDRProfile instance and paste it into the instance after the
fact. This is contrary to literate programming, where the code and
documentation are created in concert with one another.

    

    

Finally, because the NDRProfile schema defines its own vocabulary
rather than maximizing reuse of existing XML languages, custom tools
must be developed for authoring, validating, and processing it. Thus
NDRProfile shares the barriers to success of other newly-invented
languages. And it is usually a bad idea to invent a new XML language
[bray].

    

    

So why was NDRProfile designed the way it was? The main reason was
that the normative form of most NDRs is an unstructured document in a
proprietary word processor format. This caused us to think of an
NDRProfile as a text document foremost, rather than as an application
of literate programming. A second reason was that we wanted to allow
for other implementation languages besides Schematron. However, by
using “always-true” assertions, role
metadata, and foreign markup, one can use a Schematron-based
vocabulary while at the same time allowing for other implementation
methods.

    

    

The following example shows how an NDRProfile can be represented using
a variant of the previous section's literate programming approach,
with XHTML class attributes added to provide NDR-specific
annotations.

    

    
<sch:schema xmlns:sch="http://purl.oclc.org/dsdl/schematron"
	    xmlns="http://www.w3.org/1999/xhtml" id="prd-UBL-NDR-2.0">
  <sch:title>Universal Business Language Naming and Design Rules</sch:title>
  <sch:ns uri="http://www.w3.org/2001/XMLSchema" prefix="xsd"/> 
  <sch:p class="schemaType">NDRProfile</sch:p>
  <p class="OrganizationInformation">
    <span class="OrganizationName">OASIS</span>
    <a class="ContactURI" href="http://www.oasis-open.org">
http://www.oasis-open.org</a></p>
  <sch:pattern id="UBL-2.0-GXS-8">
    <sch:rule context="xsd:all" id="UBL-2.0-GXS-8-1">
      <p class="Classification">General</p>
      <p class="EnforcementLevel">Mandatory</p>
      <p class="Status">Draft</p>
      <p class="Testability">Fully-Testable</p>
      <p class="GuidanceText"><strong>GXS8</strong>: xsd:all MUST NOT
be used.</p>
      <sch:report test="true()">Error: The xsd:all element MUST
NOT be used.</sch:report></sch:rule></sch:pattern></sch:schema>
    

    

This approach has neither of the NDRProfile schema's first two
disadvantages. The third disadvantage is minimized by reusing
existing, well-established XML vocabularies as much as possible.

    

  
  
    Discussion

    

In this paper, I first introduced two kinds of guidelines needed for
effective use of data exchange schemas: business rules for further
constraining a schema, and NDR for controlling the design of schema
extensions. Next I illustrated how Schematron can be used in
conjunction with literate programming principles to simultaneously
document and implement guidelines. I then discussed past experience
with NDRProfile, an approach to encoding guidelines that at the time
seemed intuitive and sensible, but in retrospect is more convoluted
and less efficient than the literate programming approach.

    

    

My approach emphasizes Schematron because Schematron is an appropriate
language for implementing NDRs and business rules as well as (with
annotations added) a suitable guideline documentation language. This
is not to imply that all XML-based literate programming systems should
use Schematron. For applications such as ODD, where the underlying TEI
data model is more complex, hierarchical, and harder to represent as a
set of independent rules, Schematron's benefits as a literate
programming tool may not be as great.

    

    

A key enabler of the Schematron-based literate programming approach
advocated in this paper is the ability of a single XML document to
incorporate multiple vocabularies. This is distinct from the more
conventional notion of a single-vocabulary XML document that can be
processed multiple ways. An XML document having multiple vocabularies
is not a new idea. Back in the mid-1990s, ISO standardized the
Architectural Form Definition Requirements [afdr,
lubell]. Unlike a Document Type Definition (DTD), an
“architecture” as defined by the AFDR need not specify a
complete document type. Instead, an architecture defines rules known
as “architectural forms” that developers can apply in
defining their vocabularies. A document can use multiple
architectures, and architectures themselves can inherit grammar rules
from other architectures.

    

    

Although the AFDR never gained widespread traction among XML
developers, the AFDR authors were incredibly forward-thinking in
foreseeing the need to decouple vocabularies from document
types. Software applications today are moving off of desktops and are
increasingly being provided as services over the Internet. XML
developers are coming to realize that XML documents and vocabularies
should mimic the characteristics of the World Wide Web. Since the Web
is a decentralized network of chunks of interconnected information,
XML document designs should maximize the use of small,
independently-developed vocabularies [costello].

    

    

The newly-standardized Namespace-based Validation Dispatching Language
[nvdl] provides a method for validating XML
documents containing multiple vocabularies defined using different
schema languages. NVDL supports a variety of schema languages
including the XML Schema Definition Language, DTDs, Schematron and
RELAX NG [rng]. NVDL thus enables the validation of
a document such as the previous section's example of a literate
programming approach to NDRProfile. Consider the following NVDL
document describing the validation of a Schematron schema with
embedded XHTML paragraph elements:

    

    
<rules xmlns="http://purl.oclc.org/dsdl/nvdl/ns/structure/1.0"
       xmlns:a="http://relaxng.org/ns/compatibility/annotations/1.0"
       startMode="sch">
  <mode name="sch"><namespace ns="http://purl.oclc.org/dsdl/schematron">
      <validate schema="iso-schematron.rng" useMode="xhtmlpara"/>
    </namespace></mode>
  <mode name="xhtmlpara"><namespace ns="http://www.w3.org/1999/xhtml">
      <validate schema="p.rng"/></namespace></mode></rules>
    

    

This NVDL document specifies that the Schematron schema with embedded
XHTML is validated by initially checking all Schematron elements
against the normative RELAX NG schema (assumed to be in the file
iso-schematron.rng) for the Schematron language. Whenever
an XHTML element is encountered, the XHTML is validated against
p.rng, assumed to be a customization of the normative
RELAX NG schema for XHTML allowing p as a starting
element. The NVDL document does not validate syntactic correctness of
NDRProfile annotations. NDRProfile annotation checking could be done
by further customization of iso-schematron.rng and
p.rng, or alternatively by writing a separate Schematron
schema specifically for NDRProfile annotation checking and adding an
“NDRProfile” mode to the NVDL document.
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		Abstract
In [SHR2000a], Sperberg-McQueen et al. describe a
		  framework in which the semantics of a structured document is represented by the
		  set of inferences (statements)
		  licensed by the document, that is, statements
		  which can be considered to hold on the basis of the document. 
		
		  The authors suggest that an adequate set of basic inferences can be
		  generated from the document itself by a fairly simple skeleton sentence and deictic
		  expression mechanism. These ideas were taken up and developed in
		  various ways and contexts in later work (see for example [SDHR2002]) and came to be called the “Formal tag-set
		  description” approach (FTSD). The approach is independent of any
		  particular logical system, and the possibility that the statements licensed by
		  a document be in natural language has been mentioned and exemplified, though
		  not to a large extent.
 
		With a different set of preoccupations in mind (namely, providing
		  semantic support to an author during the document creation process), Marcoux
		  introduced in [eml2006] intertextual
		  semantics (IS), a framework in which the meaning of a document is
		  entirely and exclusively represented by natural language segments.
 
		In this paper, we compare the IS and FTSD approaches, and argue
		  that the insights into the meaning of a document supplied by the two approaches
		  actually complement each other. We give a number of concrete examples of
		  increasing complexity, including the set of formal and informal statements
		  derivable in each case, to substantiate our claim.
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	 Introduction
 
	 What is the “meaning” of markup? How is the meaning of a
		document augmented or otherwise affected by the presence of markup? Those
		questions have preoccupied markup theorists (and many others) for probably as
		long as markup conventions have existed.
 
	 Fundamentally, two approaches can be taken. First, one can devise a
		formal framework in which the meaning of a
		document is represented by a set of formal statements. Second, one can seek an
		informal framework in which the meaning of a
		document is represented by a set of sentences in an informal language. An
		example of suitable formal framework is first-order logic; an example of
		suitable informal framework is any natural language. In both cases, the
		statements may or may not say something about “the world” beyond
		the document as such.
 
	 The two approaches are not aimed at the same goals. If automatic
		inferencing (through an inference engine) is in sight, then the formal approach
		probably has a leading edge. However, if some other use of the
		“meaning” of the document is envisioned, which for example involves
		showing that meaning to humans, then it is possible the informal approach has a
		leading edge.
 
	 In [SHR2000a], Sperberg-McQueen et al. describe a
		framework in which the semantics of a structured document is represented by the
		set of inferences (statements)
		licensed by the document, that is, statements
		which can be considered to hold on the basis of the document. The authors
		suggest that an adequate set of basic inferences can be generated from the
		document itself by a fairly simple skeleton
		sentence and deictic expression
		mechanism. These ideas were taken up and developed in various ways and contexts
		in later work (see for example [SDHR2002] and [eml2004]), which we here call the “Formal tag-set
		description” approach (FTSD). The approach is independent of any
		particular logical system, and the possibility that the statements licensed by
		a document be in natural language has been mentioned and exemplified, though
		not systematically.
 
	 With a different set of preoccupations in mind (namely, showing a
		“preview” of the meaning of a document to an author during the
		writing process), Marcoux introduced in [eml2006]
		intertextual semantics (IS), a framework in
		which the meaning of a document is entirely and exclusively represented by
		natural language segments.
 
	 In this paper, we compare the IS and FTSD approaches, and argue that
		the insights into the meaning of a document supplied by the two approaches
		actually complement each other. After a brief review of each approach (this
		paper is not meant to be a complete introduction to either), we give a number
		of concrete examples of increasing complexity, including the set of formal and
		informal statements derivable in each case, to substantiate our claim.
 
   
   
	 Formal tag-set descriptions
 
	 The essential ideas of the FTSD approach are: 
		
 
		  	 
			 The meaning of a markup construct M in an
				instance document can be identified with the set of sentences S true because
				of M, or (equivalently) the set of sentences that can be inferred from
				M.[1] When necessary, we distinguish the sentences in S
				from other sentences by calling the former instance
				sentences. 
 
		  
 
		  	 
			 The meaning of a markup construct M in the
				abstract can be captured effectively by skeleton sentences,
				sentence schemata with blanks to be filled in appropriately for each instance
				of construct M in a document instance. 
 
			 The skeleton sentences are generalizations of the instance
				sentences mentioned in the preceding point; each instance sentence should be an
				instantiation of some skeleton sentence.
 
		  
 
		  	 
			 For existing colloquial XML vocabularies, when the inferences
				licensed by a particular element instance are being tabulated, the values to be
				inserted for the blanks in the appropriate skeleton sentences often vary with
				the element's position; XPath expressions can be used to specify a concise rule
				for finding the appropriate values, given a particular element as context node.
				Because the value of the XPath expressions varies with context, they are (in
				the linguistic sense) deictic expressions. 
 
		  
 
		  	 
			 Skeleton sentences, together with the deictic expressions used
				to specify how to fill in their blanks, can provide useful documentation of a
				markup vocabulary. They could be integrated, for example, into the Tag Set
				Documentation (TSD) vocabulary defined by the Text Encoding Initiative. If the
				skeleton sentences are written in a formal notation like predicate calculus,
				the conventional tag set documentation (TSD) becomes a formal
				tag set documentation (or FTSD), which can provide the kind of formal
				definition of the semantics of an XML vocabulary which some observers have
				occasionally desired, and which some others (who give signs of wishing to
				displace colloquial XML and replace it with RDF or some other formalism
				instead) have simply claimed does not or cannot exist. 
 
		  
 
		
 
   
   
	 Intertextual semantics
 
	 The intertextual semantics (IS) approach is based on a view of which
		traces can be found in, among other places, the works of Wirzbicka [wirzbicka2], Smedslund [smedslund] and even
		Wittgenstein [wittg1]. This is the view that humans
		ultimately make sense of artefacts through the use of
		natural language, or rather, that to the
		extent that they can make sense of an artefact, this sense can be expressed in
		natural language (NL). Thus, in designing artefacts such as markup, one should
		be preoccupied by how, and how easily and with how much ambiguity (or
		unambiguity), humans can understand those artefacts in NL terms. No matter how
		useful intermediate formal representations of meaning (including marked-up
		documents) may be for conciseness, machine processing, etc., they must
		ultimately be translatable (not necessarily translated) to NL, and are ever only as “meaningful”
		as such NL expressions of them are.
 
	 In the realm of markup, IS suggests the creators of tag-sets
		(modelers) must be preoccupied by how markup can be translated to NL. Even if
		“end users” never see any marked-up document, some other humans,
		for example, processing software developers, or archivists, will have to deal
		with them directly or indirectly, unless the documents are totally pointless.
		One might say it is even more important to be preoccupied by that translation
		as the number of intermediate representations increases, because there are then
		more opportunities for misinterpretations. Dubin et al. have recently
		illustrated some difficulties that can arise from failures in automatic
		translation from one representation to another [dubin2006].
 
	 IS proposes a mechanism by which NL passages (or whole documents) are
		generated from marked-up documents, according to an IS
		specification for the tag-set. So far, only very weak NL generation
		mechanisms have been explored, and it is extremely
		important that those mechanisms be weak, because too powerful
		mechanisms would “hide under the carpet” inherent interpretation
		complications which IS, in contrast, seeks to uncover.
 
	 In the current state of the IS framework, an IS specification takes
		the form of a table giving, for each element type two NL segments: a
		“text-before” segment and a “text-after” segment
		(generically called “peritexts”). Attributes are handled by the
		possibility of including in the peritexts “guarded segments,”
		segments guarded by an attribute name, that are only included if the
		corresponding attribute is specified on the element, and that can refer to the
		attribute value. “Local” elements (in the sense of W3C schemas) are
		supported, so that different peritexts can be assigned depending on the
		ancestors of the element. The IS generation process is similar to styling the
		document with the peritexts, concatenating peritexts and element contents as the document tree is traversed
		depth-first. The IS, or IS-meaning, of the
		document is the resulting character string.
 
	 IS has similarities with various mechanisms aimed at presenting
		markup in more or less explicit or explicated forms, such as Piez's
		false-color proofs [piez2006, slide 12].
		However, it is important to stress that the preoccupations of IS are not at the
		presentational level, but really at the semantic level. The
		“presentation” obtained through the IS mechanism
		defines the meaning of a document. In the
		other approaches we are aware of, the presentation (if successful) accurately
		represents the meaning of a document, but that
		meaning is defined elsewhere.
 
	 It is also important to mention that IS is not first and foremost
		intended to give interpretations of existing tag-sets, but is mostly meant to
		assist in the development of new tag-sets. Applying it to existing tag-sets
		often gives rise to improbable or awkward formulations in the IS (meaning) of
		documents, in part because such tag-sets were not in the first place designed
		with IS preoccupations in mind. In our view, this only brings to light the
		inherent complexities of the tag-set, or the difficulty or possible variability
		(sometimes deliberate, it is important to say) in interpreting conforming
		documents.


      
	 A full presentation of IS in general can be found in [jasist]. For structured documents, it is defined in [eml2006] and [eml2007].
 
   
   
	 Comparison of FTSD and IS
 
	 Suppose document D conforms to a certain tag-set TS, to which
		corresponds a collection F of formal skeleton sentences. We will denote by
		F(D) the set of actual formal sentences (not skeleton ones) generated by
		applying F to D. Now, let I be an IS specification for TS, and let us
		denote by I(D) the set of (natural language, or “informal”)
		sentences generated by I when applied to D.[2]
 
	 What can we say about how I(D) compares to F(D)? Of course,
		it all depends on exactly how F and I are constructed, that is, ultimately,
		on what the actual meaning of markup is intended to be. However, we can say
		something about what I and F would typically look like.
 
	  
			 
		  Ordering
 
		  Typically, F(D) is an unordered set of discrete statements in some formal
			 language. In our examples (as in most of previous work on FTSD), we will use
			 first-order logic sentences. Even when natural language is suggested as a
			 potential language for statements, F(D) is first and foremost envisoned as
			 an unordered set of sentences.
 
		  In contrast, I(D) is typically a single string of characters,
			 possibly forming multiple sentences (in natural language), in which case,
			 however, the order of the sentences matters.
			 I(D) is first and foremost meant to be readable sequentially, as normal
			 text (as opposed to hypertext). That being said, I(D) can contain hypertext links, but they must only be used
			 to point to “background” or “complementary” material,
			 which more or less forms a whole, and not in a way that disrupts
			 sequentiality.
 
		
 
			 
		  Universe of discourse and target
			 community
 
		  In the FTSD approach, the actual set of predicates used in the
			 sentences for a given tag-set depends on the “universe of
			 discourse” of the documents, that is, the collection of things and
			 concepts the documents in that tag-set “talk about.” For example,
			 in defining the meaning of the OAI 2.0 tag-set [oai],
			 predicates to the effect that something “is an OAI-server,”
			 “is an OAI-request,” or “is a response sent by an
			 OAI-server,” are naturally introduced. In addition to defining predicates
			 (which include types and relations), characterizing the universe of discourse
			 in the FTSD approach involves making assertions about that universe (facts or
			 inference rules), e.g., assertions that certain individuals satisfying certain
			 predicates exist.
 
		  In IS, the rough equivalent of defining the universe of discourse
			 is identifying the target community of users
			 of the documents (“users” is used here in a generic sense, which
			 includes authors, readers, analysts, processing software developers,
			 information managers, archivists, etc.). Intuitively, one can view the universe
			 of discourse as the intersection of what the community members know or, at
			 least, can name. In identifying the target community, one is required to make
			 (preferably explicit, but at least implicit) assumptions about what vocabulary
			 and level of language is appropriate for the community members, what their
			 previous knowledge is, what profiles they have, through which use cases will
			 they interact with the documents, etc. Note how similar assumptions are
			 involved in making a sensible and useful selection of predicates and other
			 elements in the FTSD approach.
 
		
 
			 
		  Deixis and locality of references
 
		  In the context of markup, deictic
			 expressions are expressions pointing to various
			 “locations” within a document (usually in a relative way). Relative
			 XPath expressions provide a good approximation of what deictic expressions are.
			 For example, a deictic expression evaluated at some given element in a document
			 may point to a specific attribute of that element, or to the first child of
			 that element, or to a specific attribute of the last child of that element,
			 etc.
 
		  Although far from exploiting the full expressive power of
			 XPath 1.0 (let alone XPath 2.0), deictic expressions in the FTSD
			 approach often point outside of “the current element.” For example,
			 they might point to the parent, a child, or a sibling of the current element.
			 In contrast, if we were to express the “pointing” power of the IS
			 generation mechanism as deictic expressions, the only expressions allowed would
			 be “the current element,” or “the attribute named X of the
			 current element.” So, the reach of a
			 skeleton sentence in IS is very limited. But that limitation is quite
			 deliberate; in a nutshell, it stems from the assumption that the closer the
			 artificial (marked-up) form of knowledge is to its informal (natural-language)
			 form, the higher the odds it will be properly understood. Any complexity in the
			 deictic expressions used in the skeleton sentences translates (or, at least, so
			 goes the IS story) into complexity for anyone required to comprehend the
			 tag-set (whether they be readers, authors, archivists, software developers, or
			 what have you).
 
		
 
	 
 
   
   
	 Examples
 
	 We now compare FTSD and IS through examples.
 
	  
		A single paragraph
 
		For simplicity, we start with a very simple example, perhaps
		  trivial. (But its simplicity allows the machinery to be more readily
		  understood.) Let D be the following document:
 
		Example 1:
 
		 
		  
  <doc>
    <para>Elizabeth went to Sussex.</para>
  </doc>

 
		
 
		We have just two tags in the tag-set, doc and
		  para. With such a simple example, the similarity between FTSD and
		  IS can be quite high. The minimal universe of discourse for this example is
		  that of documents, paragraphs, and character strings. We assume for purposes of
		  the example that these are primitive notions that convey interesting
		  information about the nature of certain objects. Documents contain sequences of
		  paragraphs. Paragraphs have character-string values.[3] 
 
		 
		  Intertextual semantics
 
		  An IS specification for our tag-set just has to specify a
			 text-before segment and a text-after segment for the two elements
			 doc and para. We will present IS specifications using
			 the format adopted in [inprep], which is pretty much
			 self-explanatory[4]:
 
		   
			 <rule paths="doc"
    text-before=" This is a document: "
    text-after=" End of the document. " />

<rule paths="para"
    text-before=" This is a paragraph: "
    text-after=" End of the paragraph. " />
 
		  
 
		  which would produce the following IS for our document:
 
		   
			 
This is a document:

  This is a paragraph:

     Elizabeth went to Sussex.

  End of the paragraph.

End of the document.

 
		  
 
		  Note that the peritexts
			 (text-before and text-after segments) are shown differently from actual
			 contents coming from the document; this is an integral and essential feature of
			 the IS framework (formally, we could say the strings forming the IS of
			 documents comprise characters from two different alphabets, or of two different
			 colors). Note also that some indentation is performed, for increased
			 readability. This is not at the moment an
			 integral feature of the framework, but it has been the usual presentation of IS
			 so far [eml2006] [eml2007]. In fact, the
			 implementation described in [inprep] does perform an
			 automatic indentation of the IS.
 
		 
		 
		  FTSD
 
		  In all our examples, we will use normal first-order logic as a
			 formalism for FTSD. For this first example, we need only a few predicates to
			 capture the documented meaning of the markup:
 
				 
				  	is_document(x)
 
				  	 
					 x is a document.
 
				  
 
				
 
				 
				  	document_content(x,y)
 
				  	 
					 Document x contains y (a sequence of paragraphs
						— or in larger vocabularies, sections, heading, tables, and other
						paragraph-level objects).
 
				  
 
				
 
				 
				  	is_paragraph(x)
 
				  	 
					 x is a paragraph.
 
				  
 
				
 
				 
				  	paragraph_string(x, y)
 
				  	 
					 The character-string value of the paragraph x is the
						string y.
 
					 We will write strings enclosed in quotation marks in the
						conventional way.
 
				  
 
				
 
			 
 
		  In order to write out the second argument of
			 document_content, we will need a way to write a sequence of
			 objects (or rather, of expressions denoting objects) as a sequence. Where
			 possible, we adopt the convention that sequences are written with commas
			 separating the expressions denoting the items in the sequence, and enclosed in
			 parentheses: the sequence consisting of a, b, and c in that order, is
			 written (a, b,
			 c). In some circumstances, it proves simpler to give the
			 sequence a name and specify the position of its items with a predicate like
			 seq_pos_item(x, y,
			 z). (We will start counting at 1.) 
 
		   Assuming two individuals to which we assign the arbitrary
			 identifiers d and p, we can write the instance
			 sentences for this document instance thus: 
			 
 
				
is_document(d)
is_paragraph(p)
document_content(d, (p) )
paragraph_string(p,"Elizabeth went to Sussex.")

 
			 
 or equivalently (assuming an individual s) 
			 
 
				
is_document(d)
is_paragraph(p)
document_content(d, s)
seq_pos_item(s,1,p)
paragraph_string(p,"Elizabeth went to Sussex.")

 
			 
 
		   A more rigorous and detailed account might include character
			 tokens and character types in the universe of discourse, so that if (for
			 example) two paragraphs in the same document had the same text, the formal
			 representation of the document could make clear that while the two different
			 paragraphs had the same string-value at the character type level, they were
			 realized by different sequences of character tokens. Such
			 rigor is necessary to achieve clarity and satisfactory treatment of some topics
			 (e.g., the relation between a transcription and its exemplar), but it requires
			 a great deal of machinery to achieve results that were intuitively obvious to
			 start with, and we omit it here to spare our readers the ennui of working
			 through it. 
 
		   For similar reasons, we refrain here from offering a fuller
			 development of character strings, with definitions of length, concatenation,
			 and substring functions, which we do not need for now. Some universes of
			 discourse may need them. At this moment, all we have are string individuals,
			 denoted by the usual straightforward notation "a string".
 
		  If we decide the document means no more than that the content of
			 the para element is a paragraph, which in turn makes up the sole
			 content of the document, then we can be happy to say that F(D), the meaning
			 of the document, is the set of sentences given above.
 
		  For this purpose, a set F of a single formal skeleton sentence
			 will suffice. For convenience, we will write skeleton sentences as literals,
			 filling in blanks with their associated deictic expressions and distinguishing
			 the deictic expressions from their context by enclosing them in braces (in the
			 style of XSLT attribute-value templates). 
 
		   Our F for this vocabulary might contain these skeleton
			 sentences:
 
		   
			  
					for doc elements
 
					 
				  is_document( {generate-id()} )
 
				  document_content( {generate-id()},
					 {concat(generate-id(),'-children')} )
 
				
 
			 
 
			  
					for para elements
 
					 
				  is_paragraph( {generate-id()} )
 
				  seq_pos_item(
					 {concat(generate-id(..),'-children')}, {1 +
					 count(preceding-sibling::*)}, {generate-id()} )
 
				  paragraph_string( {generate-id()},
					 {string(.)})
 
				
 
			 
 
		  
 
		  In general, we assume that each of the skeleton sentences given
			 will be instantiated once for each element that matches the pattern. Here, each
			 doc element will generate one is_document sentence
			 and one document_content sentence, and each para
			 element will generate three sentences. As each skeleton sentence is
			 instantiated, each deictic expression will be evaluated with the current
			 element instance as the context node, and the instance sentence will be written
			 out with the value replacing the deictic expression.
 
		 
	  
	  
		Phrase-level markup
 
		The “challenges” of our next example are phrase-level
		  markup and the use of attributes.
 
		Example 2:
 
		 
		  
<doc>
  <para>
    <person key="E.I.Regina">Elisabeth</person> went to
    <place key="getty:7008133">Sussex</place>.
    <person>Elizabeth</person>, on her part, went to
    <person>Sussex</person>, and told him the whole story.
  </para>
</doc>

 
		
 
		The doc and para elements here have the
		  same meaning as in the preceding example; the person and
		  place elements mark personal names and place names in the running
		  text.
 
		The optional key attribute, used for both
		  person and place, introduces a notion of
		  registry of persons and places. The value of that
		  attribute is the “access key” of a person or place in some known
		  “registry,” which establishes a univocal correspondence between
		  keys and entities (persons or places, in our case). A
		  single entity can have many different keys “pointing” to it, but
		  any given key points to only one entity of a given type. It would be possible
		  to introduce registries as individuals in our universe of discourse; however,
		  it is not necessary and, for simplicity, we will not do it.
 
		 
		  FTSD
 
		  The predicate-calculus sentences for this document will use the
			 following predicates (in addition to those defined in the preceding section): 
			 
 
				 
				  	is_personname(s)
 
				  	 
					 s (typically a string of characters) is (here) a proper
						noun denoting a person.
 
				  
 
				
 
				 
				  	is_person(x)
 
				  	 
					 x is a person.
 
				  
 
				
 
				 
				  	is_placename(s)
 
				  	 
					 s (typically a string of characters) is (here) a proper
						noun denoting a place.
 
				  
 
				
 
				 
				  	is_place(x)
 
				  	 
					 x is a place.
 
				  
 
				
 
				 
				  	denotes(s,x)
 
				  	 
					 The string of character tokens s here denotes the
						object or individual x.
 
				  
 
				
 
				 
				  	person_dbkey(x, y)
 
				  	 
					 The person x is denoted by the identifier y.
 
				  
 
				
 
				 
				  	place_dbkey(x, y)
 
				  	 
					 The place x is denoted by the identifier y.
 
				  
 
				
 
			 
 
		  Note that the formulations of is_personname,
			 is_placename, and especially of denotes, are not
			 entirely satisfactory. Earlier, we simplified the discussion by not
			 distinguishing systematically between sequences of character tokens and
			 sequences of character types. Here, we pay the price for that simplification.
			 Strictly speaking, what is needed here is a way to specify that a
			 particular instance or occurrence of string s (i.e., a particular
			 sequence of character tokens) is used as a proper noun and
			 denotes individual x. Not all occurrences of the string s will necessarily
			 be proper nouns (consider the personal name Brown and the place
			 name Bath), nor will they all denote the same individual.
			 Without a rather tedious treatment of tokens and types, it is not possible to
			 make the necessary distinction properly; we content ourselves with the
			 hand-waving visible in the glosses above and in this explanatory
			 paragraph.[5] 
 
		  The predicates person_dbkey and
			 place_dbkey, by contrast, need an identifier (viewed as a sequence
			 of character types) not a sequence of tokens, as their second argument.
 
		  Armed with these predicates, we can say in predicate calculus
			 terms not only that the string
			 Elizabeth is (here) a personal name, but also that
			 that name denotes a particular individual, also identified by a particular
			 prosopographical key in some known registry. And similarly, we can say that
			 Sussex here is used once to denote the country, and
			 once the nobleman. 
 
		  The skeleton sentences for the new element and attribute types
			 can be formulated thus:
 
				 
				  	person
 
				  	 
					 is_personname( {string(.)})
 
					 is_person( {concat('ref-',generate-id(.))}
						)
 
					 denotes( {string(.)},
						{concat('ref-',generate-id(.))})
 
				  
 
				
 
				 
				  	person/@key
 
				  	 
					 person_dbkey(
						{concat('ref-',generate-id(.))}, {string(.)} )

					 
				  
 
				
 
				 
				  	place
 
				  	 
					 is_placename( {string(.)})
 
					 is_place( {concat('ref-',generate-id(.))}
						)
 
					 denotes( {string(.)},
						{concat('ref-',generate-id(.))})
 
				  
 
				
 
				 
				  	place/@key
 
				  	 
					 place_dbkey(
						{concat('ref-',generate-id(.))}, {string(.)} )

					 
				  
 
				
 
			 
 
		  The result of instantiating the skeleton sentences for the
			 example document is 
			 

is_paragraph(id17806)
seq_pos_item(id19125-children, 1, id17806)
paragraph_string(id17806, "
    Elisabeth went to Sussex.
    Elizabeth, on her part, went to Sussex, and told him the whole story.
")
is_personname("Elisabeth")
is_person(ref-id17651)
denotes("Elisabeth", ref-id17651)
person_dbkey(ref-id17651, "E.I.Regina")
is_placename("Sussex")
is_place(ref-id19390)
denotes("Sussex", ref-id19390)
place_dbkey(ref-id19390, "getty:7008133")
is_personname("Elizabeth")
is_person(ref-id19224)
denotes("Elizabeth", ref-id19224)
is_personname("Sussex")
is_person(ref-id19558)
denotes("Sussex", ref-id19558)

 
		 
		 
		  Intertextual semantics
 
		  The IS specification is as follows:
 
		  
 <rule paths="doc"
  text-before="This is a document:"
  text-after="End of the document." />
 
 <rule paths="para"
  text-before="This is a paragraph:"
  text-after="End of the paragraph." />
 
 <rule paths="person"
  text-before="THE PERSON NAMED "
  text-after=" @key[ (identified by the registry record
   {{http://my.person.registry/?@}})]" />
 
 <rule paths="place"
  text-before="THE PLACE NAMED "
  text-after=" @key[ (identified by the registry record
   {{http://my.place.registry/?@}})]" />

 
		  The strings "{{" and "}}" delimit
			 hyperlinks in peritexts. Passages of the form @attrib-name[...@...] are
			 “guarded,” and only appear in the IS if the named attribute in
			 present on the element.
 
		  Note that two text-before segments have been written in uppercase
			 to make them independent of their position in a sentence.
 
		  Here is the resulting IS:
 
		   
				
				  [image: ../../../vol3/graphics/Sperberg-McQueen01/Sperberg-McQueen01-001.png] 
				 
			 
 
		 
	  
	  
		A sonnet
 
		Here is a more realistic example, a TEI (P5) encoded sonnet by
		  Québécois poet Émile Nelligan (1879-1941).
 
		Example 3:
 
		
<TEI xmlns="http://www.tei-c.org/ns/1.0" xml:lang="fr-CA">
    <teiHeader>
        <fileDesc>
            <titleStmt>
                <title>Le Vaisseau d'or</title>
                <author>Émile Nelligan</author>
                <editor>Luc Lacourcière</editor>
            </titleStmt>
            <publicationStmt>
                <pubPlace>Montréal (Québec, Canada)</pubPlace>
                <publisher>Fides</publisher>
                <date>1952</date>
            </publicationStmt>
            <sourceDesc>
                <bibl>
                    <author>Émile Nelligan</author>
                    <title>Poésies complètes 1896-1899</title>
                    <edition>Texte établi et annoté par Luc Lacourcière</edition>
                    <editor>Luc Lacourcière</editor>
                    <pubPlace>Montréal (Québec, Canada)</pubPlace>
                    <publisher>Fides</publisher>
                    <date>1952</date>
                    <biblScope>page 44</biblScope>
                </bibl>
            </sourceDesc>
        </fileDesc>
    </teiHeader>
    <text>
        <front>
            <head>LE VAISSEAU D'OR</head>
        </front>
        <body>
            <lg>
                <l>Ce fut un grand Vaisseau taillé dans l'or massif :</l>
                <l>Ses mâts touchaient l'azur, sur des mers inconnues ;</l>
                <l>La Cyprine d'amour, cheveux épars, chairs nues,</l>
                <l>S'étalait à sa proue, au soleil excessif.</l>
            </lg>
            <lg>
                <l>Mais il vint une nuit frapper le grand écueil</l>
                <l>Dans l'Océan trompeur où chantait la Sirène,</l>
                <l>Et le naufrage horrible inclina sa carène</l>
                <l>Aux profondeurs du Gouffre, immuable cercueil.</l>
            </lg>
            <lg>
                <l>Ce fut un Vaisseau d'Or, dont les flancs diaphanes</l>
                <l>Révélaient des trésors que les marins profanes,</l>
                <l>Dégoût, Haine et Névrose, entre eux ont disputés.</l>
            </lg>
            <lg>
                <l>Que reste-t-il de lui dans la tempête brève ?</l>
                <l>Qu'est devenu mon c&#x153;ur, navire déserté ?</l>
                <l>Hélas! Il a sombré dans l'abîme du Rêve!</l>
            </lg>
        </body>
    </text>
</TEI>

 
		 
		  Intertextual semantics
 
		  The IS specification is:
 
		  
 <rule paths="TEI"
  text-before="This electronic document is a TEI document. @xmlns[It obeys
   the general structure and definitions associated with the XML
   namespace {{@}}.] @xml:lang[Its textual contents are written (except
   where otherwise stated) in the natural language which, according to the
   IETF RFC 1766 specification (accessible at
   {{http://www.ietf.org/rfc/rfc1766.txt}}), is denoted by &quot;@&quot;.]"
  text-after="This concludes the TEI document." />
 
 <rule paths="teiHeader" 
  text-before="This section gives general information about how the
   document came into existence, the way it is identified, its status,
   and trail of modifications."
  text-after="This concludes the section giving information about how
   this document came into existence, the way it is identified, its
   status, and trail of modifications." />

 <rule paths="fileDesc" 
  text-before="The document, as a computer file, can be described as
   follows:"
  text-after="This concludes the description of the document as a
   computer file." />
 
 <rule paths="titleStmt" 
  text-before="The key identifying elements of this document are:"
  text-after="End of the key identifying elements." />
 
 <rule paths="titleStmt/title" 
  text-before="its title, which is "
  text-after=" " />
 
 <rule paths="titleStmt/author" 
  text-before="its author name, which is "
  text-after=" " />
 
 <rule paths="titleStmt/editor" 
  text-before="its editor name, which is "
  text-after=" " />

 <rule paths="publicationStmt" 
  text-before="This document corresponds to a published work"
  text-after=" " />

 <rule paths="pubPlace" 
  text-before="which has been published in the place "
  text-after=" " />
 
 <rule paths="publisher" 
  text-before="by the publisher "
  text-after=" " />
 
 <rule paths="date" 
  text-before="on the date "
  text-after=" " />
 
 <rule paths="sourceDesc" 
  text-before="This document is derived from another document, called
   &quot;the source&quot;."
  text-after="End of the indentification of the source." />
 
 <rule paths="sourceDesc/bibl" 
  text-before="That source corresponds to the following bibliographic
   data:"
  text-after=" " />
 
 <rule paths="author" 
  text-before="Author: "
  text-after=" " />
 
 <rule paths="title" 
  text-before="Title: "
  text-after=" " />
 
 <rule paths="edition" 
  text-before="Edition: "
  text-after=" " />
 
 <rule paths="editor" 
  text-before="Editor: "
  text-after=" " />
 
 <rule paths="bibl/pubPlace" 
  text-before="Publication place: "
  text-after=" " />

 <rule paths="bibl/publisher" 
  text-before="Publisher: "
  text-after=" " />
 
 <rule paths="bibl/date" 
  text-before="Publication date: "
  text-after=" " />
 
 <rule paths="biblScope" 
  text-before="Part used as a source: "
  text-after=" " />
 
 <rule paths="text" 
  text-before="The document &quot;per se&quot; starts here."
  text-after="End of the document &quot;per se&quot;." />
 
 <rule paths="front" 
  text-before="Front matter:"
  text-after=" " />
 
 <rule paths="front/head" 
  text-before="General heading: "
  text-after=" " />
 
 <rule paths="body" 
  text-before="Main body of the document:"
  text-after="End of the main body of the document." />
 
 <rule paths="l" 
  text-before="Line: "
  text-after=" " />
 
 <rule paths="lg" 
  text-before="Stanza:"
  text-after=" " />

 
		  Here is the resulting IS:
 
		   
				
				  [image: ../../../vol3/graphics/Sperberg-McQueen01/Sperberg-McQueen01-002.png] 
				 
			 
 
		   
				
				  [image: ../../../vol3/graphics/Sperberg-McQueen01/Sperberg-McQueen01-003.png] 
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		  Note that we have taken advantage of the fact that
			 http://www.tei-c.org/ns/1.0 is a dereferenceable URL, in order to
			 convert it into a clickable link in the IS.
 
		  It may be an appropriate place to note that a given IS
			 specification (and this is also true of FTSDs) need not be tied to a tag-set
			 in the absolute. It can actually mirror a
			 certain usage of a given tag-set (e.g.,
			 tag-set + writing protocol). The current example illustrates that in a number
			 of ways, for example by the fact that the IS specification takes for granted
			 that lg are all stanzas.
 
		 
		 
		  FTSD
 
		  Like many vocabularies, the one shown here (a simple adaptation
			 of the TEI) divides a document into a header providing metadata and the text
			 proper. Taking TEI documents, metadata, and text
			 proper as primitive notions, we can express the overall structure of a
			 TEI document using these predicates:
 
				 
				  	is_TEI_document(x)
 
				  	 
					 The individual x (an XML document) is a TEI document
						(i.e., it's encoded following the TEI Guidelines).
 
				  
 
				
 
				 
				  	TEIdoc_metadata(x, y)
 
				  	 
					 The individual y (a TEI header) provides the metadata
						for the individual x (a TEI document). 
 
				  
 
				
 
				 
				  	TEIdoc_textproper(x, y)
 
				  	 
					 The individual y is the text proper
						portion of the individual x (a TEI document). 
 
				  
 
				
 
			 
 
		  Skeleton sentences for this information are straightforward; as
			 in the preceding examples, we use the generate-id() function of
			 XSLT to generate arbitrary identifiers for various individuals, with or without
			 concatenating various prefixes or suffixes.
 
				 
				  	TEI elements
 
				  	 
					 is_TEI_document( {generate-id()} )
 
				  
 
				
 
				 
				  	teiHeader elements
 
				  	 
					 TEIdoc_metadata( {generate-id(..)},
						{generate-id()} )
 
				  
 
				
 
				 
				  	text elements which are children of
					 TEI elements
 
				  	 
					 TEIdoc_textproper( {generate-id(..)},
						{generate-id()} )
 
				  
 
				
 
			 
 If, as is plausible, we assume that every TEI
			 document is a document in the more general sense, as well as being an XML
			 element, we could also infer that is_document(x)
			 and is_XML_element(x), for any x which is a TEI
			 document. These could be added to the skeleton sentences in the FTSD, or we
			 could assume (as background knowledge) an inference rule which can be given in
			 the following form:[6] 
			 

is_TEI_document(x)
________________________________________

is_document(x)
is_XML_element(x)

 This is a relatively simple example of what proves to be a
			 general fact about the specification of FTSDs (and also of IS specifications):
			 there is a certain latitude about what is said where, so that producing a
			 formal tag-set description requires choices and judgement. 
 
		  The actual text of the document has a simple regular structure,
			 readily representable with the predicates: 
			 
 
				 
				  	is_textproper(x)
 
				  	 
					 The individual x is the textual part of a TEI document
						(as opposed to the metadata in the TEI header). 
 
				  
 
				
 
				 
				  	text_contents(x,y)
 
				  	 
					 The text x contains y (a sequence of objects).

					 
				  
 
				
 
				 
				  	is_linegroup(s)
 
				  	 
					 The sequence s is a group of verse lines (possibly with
						nested line groups, and possibly with title or other heading material). (The
						most common form of line group is a stanza, but in itself, without a
						type attribute, the is_linegroup predicate says
						nothing about stanza structure.) 
 
				  
 
				
 
				 
				  	lg_contents(x,y)
 
				  	 
					 The line group x contains y (a sequence of lines,
						line groups, etc.)
 
				  
 
				
 
				 
				  	is_verseline(x)
 
				  	 
					 The individual x is one line of verse
						(not necessarily a typographic line!) 
 
				  
 
				
 
				 
				  	line-string(x,s)
 
				  	 
					 The verse line x has (can be realized as) the character
						string s. 
 
				  
 
				
 
			 
 
		
		  These are used in the obvious way. A small sample of instance
			 sentences will illustrate the result: 
			 

    is_textproper(id21050)
    TEIdoc_textproper(id20965, id21050)
    is_sequence(id21050-children)
    text_contents(id21050, id21050-children)
    
    seq_pos_item(id21050-children, 1, id21053 )
    
    is_title("LE VAISSEAU D'OR")
    doc_title(id20965, "LE VAISSEAU D'OR")
    
    seq_pos_item(id21050-children, 2, id21060 )
    
    is_linegroup(id21062)
    lg_contents(id21062, id21062-children)
    seq_pos_item(id21060-children, 1, id21062)
    
    is_verseline(id21064)
    line_string(id21064, "Ce fut un grand Vaisseau taillé dans l'or massif :")
    seq_pos_item(id21062-children, 1, id21064)
    
    is_verseline(id21069)
    line_string(id21069, "Ses mâts touchaient l'azur, sur des mers inconnues ;")
    seq_pos_item(id21062-children, 2, id21069)
    
    is_verseline(id21074)
    line_string(id21074, "La Cyprine d'amour, cheveux épars, chairs nues,")
    seq_pos_item(id21062-children, 3, id21074)
    
    is_verseline(id21080)
    line_string(id21080, "S'étalait à sa proue, au soleil excessif.")
    seq_pos_item(id21062-children, 4, id21080)
    
    is_linegroup(id21085)
    lg_contents(id21085, id21085-children)
    seq_pos_item(id21060-children, 2, id21085)
    
    is_verseline(id21088)
    line_string(id21088, "Mais il vint une nuit frapper le grand écueil")
    seq_pos_item(id21085-children, 1, id21088)
    
    is_verseline(id21093)
    line_string(id21093, "Dans l'Océan trompeur où chantait la Sirène,")
    seq_pos_item(id21085-children, 2, id21093)

    ...
    
    is_verseline(id21136)
    line_string(id21136, "Hélas! Il a sombré dans l'abîme du Rêve!")
    seq_pos_item(id21125-children, 3, id21136)

 
		  The TEI header can contain a great deal of metadata, but it would
			 be tedious to work through all the details needed even for this simple example,
			 let alone to work through the variations in structure and semantics allowed by
			 the TEI vocabulary. So we will pass over the TEI header almost in silence. A
			 fragment of an FTSD for this example is given in the appendix; it covers the
			 elements and attributes used in the example's header. 
 
		 
	  
   
   
	 Conclusion
 
	 What can we conclude from the exercices we have been going through in
		this article? Obviously, FTSD and IS have quite different goals. Yet, as we
		hope to have shown, they are strikingly similar, especially with respect to the
		type of intellectual effort that goes into writing a specification. Empirical
		“evidence” in support of this view is that, in the FTSD approach,
		the names chosen for predicates often have the look-and-feel of very compact
		peritexts, such as is_document, seq_pos_item, and
		paragraph_string. We think we have brought out the fact that the
		same kind of knowledge of the “user community,” of their profiles,
		of the use cases through which they interact with the documents, are necessary
		to write both a useful FTSD and a useful IS specification for a given
		tag-set.
 
	 We suggest the following complementarity between IS and FTSD: if the
		IS approach is used in the process of developing a tag-set, then, much of the
		work needed to devise a suitable universe of discourse for FTSD will have been
		done already, and the task of mapping that universe to predicates and other
		formal objects will be much simplified. It is even possible that the IS
		specification worked out might constitute valuable material for documenting the
		formal apparatus developed for the FTSD.
 
   
   
	 Fragment of a formal tag set description
 
	 This fragmentary FTSD includes entries for the elements and
		attributes used in the third example of the paper and provides skeleton
		sentences covering simple straightforward uses of those elements and
		attributes. For simplicity's sake, however, it does not attempt to cover all
		the cases foreseen in the full TEI Guidelines.
 
	 The basic structure of the FTSD is as given in [teip4], and the descriptions of elements and attributes are taken
		from that source, but detailed information has been omitted for brevity. The
		skeletons and ss elements have been added as
		extensions; it is hoped that after the discussion above their syntax and
		semantics will be clear enough without further documentation.
 
	 
<tsd xmlns:t="http://www.tei-c.org/ns/1.0">
 <tagDoc id="TEI.2">
  <gi>TEI</gi>
  <rs>TEI document</rs>
  <desc>Contains a single TEI-conformant document,
   comprising a TEI header and a text, either in isolation
   or as part of a <gi>teiCorpus</gi> element.</desc>
  <skeletons>
   <ss lang="pc">is_document(<deixis>generate-id()</deixis>)</ss>
   <ss lang="pc">is_TEI_document(<deixis>generate-id()</deixis>)</ss>
   <ss lang="pc">is_XML_element(<deixis>generate-id()</deixis>)</ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="teiHeader">
  <gi>teiHeader</gi>
  <rs>TEI Header</rs>
  <desc>supplies the descriptive and declarative information
   making up an <soCalled>electronic title page</soCalled>
   prefixed to every TEI-conformant text.</desc>
  <skeletons>
   <ss lang="pc">is_XML_element(<deixis>generate-id(.)</deixis>)</ss>
   <ss lang="pc">TEIdoc_metatdata(<deixis>generate-id(..)</deixis
     >, <deixis>generate-id()</deixis>)</ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="fileDesc">
  <gi>fileDesc</gi>
  <rs>File Description</rs>
  <desc>contains a full bibliographic description of an
   electronic file.</desc>
  <skeletons>
   <ss lang="pc">is_XML_element(<deixis>generate-id(.)</deixis>)</ss>
   <ss lang="pc">is_bibliographic_description(<deixis
     >generate-id(.)</deixis>)</ss>
   <ss lang="pc">is_isbd(<deixis>generate-id(.)</deixis>)</ss>
   <ss lang="pc">doc_bibldesc(<deixis
     >generate-id(ancestor::t:TEI[1])</deixis
     >, <deixis>generate-id()</deixis>)</ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="titleStmt">
  <gi>titleStmt</gi>
  <rs>title statement</rs>
  <desc>groups information about the title of a work and
   those responsible for its intellectual content</desc>
  <skeletons>
   <ss lang="pc">isbd_titlestatement(<deixis>generate-id(..)</deixis
     >, <deixis>generate-id()</deixis>)</ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="title">
  <gi>title</gi>
  <desc>contains the title of a work, whether article, book,
   journal, or series, including any alternative titles or
   subtitles.</desc>
  <attList>
   <attDef>
    <attName>level</attName>
    <rs>bibliographic level (or class) of title)</rs>
    <desc>indicates whether this is the title of an article,
     book, journal, series, or unpublished material</desc>
    <datatype>(a | m | j | s | u)</datatype>
    <valList>
     <val>a</val>
     <desc>analytic title (article, poem, or other item
      published as part of a larger item)</desc>
     <val>m</val>
     <desc>monographic title (book, colection, or other item
      published as a distinct item, including single volumes
      of multi-volume works)</desc>
     <val>j</val>
     <desc>journal title</desc>
     <val>s</val>
     <desc>series title</desc>
     <val>u</val>
     <desc>title of unpublished material (including theses
      and dissertations unless published by a commercial
      press)</desc>
    </valList>
    <default>#IMPLIED</default>
    <skeletons>
    </skeletons>
   </attDef>
  </attList>
  <skeletons>
   <ss lang="pc" match="t:fileDesc/t:titleStmt/t:title">
    is_title("<deixis>string(.)</deixis>")
    doc_title(<deixis>generate-id(../../../..)</deixis
     >, "<deixis>string(.)</deixis>")
   </ss>
   <ss lang="pc" match="t:bibl/t:title">
    is_title("<deixis>string(.)</deixis>")
    doc_title(<deixis>concat('ref-',generate-id(..))</deixis
     >, "<deixis>string(.)</deixis>")
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="author">
  <gi>author</gi>
  <desc>in a bibliographic reference, contains the name of the author(s),
   personal or corporate, of a work; the primary
   <term>sttement of responsibility</term> for any bibliographic item.</desc>
  <skeletons>

   <ss lang="pc" match="t:fileDesc/t:titleStmt/t:author">
    is_authorname("<deixis>string(.)</deixis>")
    is_author("<deixis>concat('ref-',generate-id())</deixis>")
    denotes("<deixis>string(.)</deixis
     >",<deixis>concat('ref-',generate-id())</deixis>)
    doc_author(<deixis>generate-id(../../../..)</deixis
     >, <deixis>concat('ref-',generate-id())</deixis>)
   </ss>
   <ss lang="pc" match="t:bibl/t:author">
    is_authorname("<deixis>string(.)</deixis>")
    is_author("<deixis>concat('ref-',generate-id())</deixis>")
    denotes("<deixis>string(.)</deixis
     >",<deixis>concat('ref-',generate-id())</deixis>)
    doc_author(<deixis>concat('ref-',generate-id(..))</deixis
     >, <deixis>concat('ref-',generate-id())</deixis>)
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="editor">
  <gi>editor</gi>
  <desc>secondary <term>statement of responsibility</term>
   for a bibliographic item, for example the name of an
   individual, institution, or organization (or of several
   such) acting as editor, compiler, translator, etc.</desc>
  <skeletons>

   <ss lang="pc" match="t:fileDesc/t:titleStmt/t:editor">
    is_editorname("<deixis>string(.)</deixis>")
    is_editor("<deixis>concat('ref-',generate-id())</deixis>")
    denotes("<deixis>string(.)</deixis
     >", <deixis>concat('ref-',generate-id())</deixis>)
    doc_editor(<deixis>generate-id(../../../..)</deixis
     >, <deixis>concat('ref-',generate-id())</deixis>)
   </ss>
   <ss lang="pc" match="t:bibl/t:editor">
    is_editorname("<deixis>string(.)</deixis>")
    is_editor("<deixis>concat('ref-',generate-id())</deixis>")
    denotes("<deixis>string(.)</deixis
     >", <deixis>concat('ref-',generate-id())</deixis>)
    doc_editor(<deixis>concat('ref-',generate-id(..))</deixis
     >, <deixis>concat('ref-',generate-id())</deixis>)
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="publicationStmt">
  <gi>publicationStmt</gi>
  <rs>publication statement</rs>
  <desc>groups information concerning the publication or
   distribution of an electronic or other text.</desc>
  <skeletons>
   <ss lang="pc">isbd_pubstatement(<deixis>generate-id(..)</deixis
     >, <deixis>generate-id()</deixis>)</ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="pubPlace">
  <gi>pubPlace</gi>
  <rs>place of publication</rs>
  <desc>contains the name of the place where a bibliographic
   item was published</desc>
  <skeletons>
   <ss lang="pc" match="t:fileDesc/t:publicationStmt/t:pubPlace">
    is_placename("<deixis>string(.)</deixis>")
    is_place("<deixis>concat('ref-',generate-id())</deixis>")
    denotes("<deixis>string(.)</deixis
     >", <deixis>concat('ref-',generate-id())</deixis>)
    doc_pubplace(<deixis>generate-id(../../../..)</deixis
     >, <deixis>concat('ref-',generate-id())</deixis>)
   </ss>
   <ss lang="pc" match="t:fileDesc/t:publicationStmt/t:pubPlace">
    is_placename("<deixis>string(.)</deixis>")
    is_place("<deixis>concat('ref-',generate-id())</deixis>")
    denotes("<deixis>string(.)</deixis
     >", <deixis>concat('ref-',generate-id())</deixis>)
    doc_pubplace(<deixis>concat('ref-',generate-id(..))</deixis
     >, <deixis>concat('ref-',generate-id())</deixis>)
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="publisher">
  <gi>publisher</gi>
  <desc>provides the name of the organization responsible for the publication
   or distribution of a bibliographic item.</desc>
  <skeletons>
   <ss lang="pc" match="t:fileDesc/t:publicationStmt/t:publisher">
    is_orgname("<deixis>string(.)</deixis>")
    is_organization("<deixis>concat('ref-',generate-id())</deixis>")
    is_publisher("<deixis>concat('ref-',generate-id())</deixis>")
    denotes("<deixis>string(.)</deixis
     >", <deixis>concat('ref-',generate-id())</deixis>)
    doc_publisher(<deixis>generate-id(../../../..)</deixis
     >, <deixis>concat('ref-',generate-id())</deixis>)
   </ss>
   <ss lang="pc" match="t:bibl/t:publisher">
    is_orgname("<deixis>string(.)</deixis>")
    is_organization("<deixis>concat('ref-',generate-id())</deixis>")
    is_publisher("<deixis>concat('ref-',generate-id())</deixis>")
    denotes("<deixis>string(.)</deixis
     >", <deixis>concat('ref-',generate-id())</deixis>)
    doc_publisher(<deixis>concat('ref-',generate-id(..))</deixis
     >, <deixis>concat('ref-',generate-id())</deixis>)
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="date">
  <gi>date</gi>
  <desc>contains a date in any format.</desc>
  <skeletons>
   <ss lang="pc" match="t:fileDesc/t:publicationStmt/t:date">
    doc_publicationdate(<deixis>generate-id(../../../..)</deixis
     >, <deixis>string(.)</deixis>)
   </ss>
   <ss lang="pc" match="t:fileDesc/t:publicationStmt/t:date">
    doc_publicationdate(<deixis>concat('ref-',generate-id(..))</deixis
     >, <deixis>string(.)</deixis>)
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="sourceDesc">
  <gi>sourceDesc</gi>
  <rs>source description</rs>
  <desc>supplies a bibliographic description of the copy text(s) 
   from which an electronic text was derived or generated.</desc>
  <skeletons>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="bibl">
  <gi>bibl</gi>
  <desc>contains a loosely structured bibliographic citation of which the 
   sub-components may or may not be explicitly tagged.</desc>
  <skeletons>
   <ss lang="pc" match="t:teiHeader/t:fileDesc/t:sourceDesc/t:bibl">
    is_document(<deixis>concat('ref-',generate-id())</deixis>)
    doc_bibldesc(<deixis>concat('ref-',generate-id())</deixis
     >, <deixis>generate-id()</deixis>)
    is_transcription(<deixis>generate-id(../../../..)</deixis>)
    transcribes(<deixis>generate-id(../../../../..)</deixis
     >, <deixis>concat('ref-',generate-id())</deixis>)
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="edition">
  <gi>edition</gi>
  <desc>describes the particularities of one edition of a text.</desc>
  <skeletons>
   <ss lang="pc" match="t:bibl/t:edition">
    doc_edition_desc(<deixis>concat('ref-',generate-id(..))</deixis
     >, "<deixis>string(.)</deixis>")
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="biblScope">
  <gi>biblScope</gi>
  <desc>defines the scope of a bibliographic refeence, for example 
   as a list of page numbers, or a named subdivision of a larger work.</desc>
  <skeletons>
   <ss lang="pc">// omitting biblScope for now ...  </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="text">
  <gi>text</gi>
  <desc>contains a single text of any kind, whether unitary or composite,
   for example a poem or drama, a collection of essays, a novel,
   a dictionary, or a corpus sample.</desc>
  <skeletons>
   <ss match="t:TEI/t:text" lang="pc">
    is_textproper(<deixis>generate-id()</deixis>)
    TEIdoc_textproper(<deixis>generate-id(..)</deixis
     >, <deixis>generate-id()</deixis>)
    is_sequence(<deixis>concat(generate-id(),'-children')</deixis>)
    text_contents(<deixis>generate-id()</deixis
     >, <deixis>concat(generate-id(),'-children')</deixis>)
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="front">
  <gi>front</gi>
  <desc>contains any prefatory matter (headers, title page,
   prefaces, dedications, etc.) found efore the start of a
   text proper.</desc>
  <skeletons>
   <ss lang="pc">
    seq_pos_item(<deixis>concat(generate-id(..),'-children')</deixis
     >, <deixis>1 + count(preceding-sibling::*)</deixis
     >, <deixis>generate-id()</deixis> )</ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="head">
  <gi>head</gi>
  <desc>contains any heading, for example, the title of a section,
   or the heading of a list or glossary.</desc>
  <skeletons>
   <ss match="t:front/t:head" lang="pc">
    is_title("<deixis>string(.)</deixis>")
    doc_title(<deixis>generate-id(ancestor::t:TEI)</deixis
     >, "<deixis>string(.)</deixis>")
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="body">
  <gi>body</gi>
  <desc>contains the whole body of a single unitary text, excluding
   any front or back matter.</desc>
  <skeletons>
   <ss lang="pc">
    seq_pos_item(<deixis>concat(generate-id(..),'-children')</deixis
     >, <deixis>1 + count(preceding-sibling::*)</deixis
     >, <deixis>generate-id()</deixis> )</ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="lg">
  <gi>lg</gi>
  <desc>contains a group of verse lines functioning as a
   formal unit, e.g., a stanza, refrain, verse paragraph,
   etc.
  </desc>
  <skeletons>
   <ss lang="pc">
    is_linegroup(<deixis>generate-id()</deixis>)
    lg_contents(<deixis>generate-id()</deixis
     >, <deixis>concat(generate-id(),'-children')</deixis>)
    seq_pos_item(<deixis>concat(generate-id(..),'-children')</deixis
     >, <deixis>1 + count(preceding-sibling::*)</deixis
     >, <deixis>generate-id()</deixis>)
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

 <tagDoc id="l">
  <gi>l</gi>
  <desc>contains a single, possibly incomplete, line of verse.</desc>
  <skeletons>
   <ss lang="pc">
    is_verseline(<deixis>generate-id()</deixis>)
    line_string(<deixis>generate-id()</deixis
     >, "<deixis>string(.)</deixis>")
    seq_pos_item(<deixis>concat(generate-id(..),'-children')</deixis
     >, <deixis>1 + count(preceding-sibling::*)</deixis
     >, <deixis>generate-id()</deixis>)
   </ss>
  </skeletons>
  <elemDecl>...</elemDecl>
 </tagDoc>

</tsd>
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Notes
To avoid having all logical truths show up as part of the
					 meaning of every markup construct, in practice we take the set of
					 sentences S true because of M to mean sentences we can infer, given
					 M, that cannot be inferred without M.
 
				  The set of inferences possible, given M, also depends on
					 what other premises are available; the result is to make the set of inferences
					 and thus the meaning of M vary with what else is known; this resembles at
					 least vaguely the idea expounded by Wrightson's application of situation
					 semantics [AW2001, AW2005]. If M is
					 completely redundant with other information, its net addition to our stock of
					 inferences may be nil.
 
				
View note in Notes section
We should point out here that, since we assume that generating
			 each of I(D) and F(D) is a terminating process, we are implicitly
			 assuming that they both are finite sets, which in practice they are. Moreover,
			 each member of each set is also of finite length.

View note in Notes section
The number and kind of the primitive notions assumed in the
				semantic description of a vocabulary, and the explicit relations among them,
				may vary with the design and purpose of the vocabulary or with those of the
				FTSD itself. In some cases, it may be desired to specify the meanings of some
				concepts in terms of a small number of primitives. In other cases, it may be
				better to allow the precise relations among concepts to remain unspecified, by
				treating them all as primitives.
 
			 In this case, for example, one could stipulate that a
				document is, by definition, a sequence of
				paragraphs (in which case its title, authorship
				attribution, language, etc., would be, by definition, not part of the document
				but extraneous to it), or that a paragraph is, by
				definition, a subdivision of a document (in which case one
				might argue that no two documents can ever contain the same paragraph).
				Similarly, some might prefer to say not that a paragraph has a
				character-string value, but that a paragraph consists of a
				string of characters (which others, in turn, would resist on the grounds that
				in reality a paragraph is a linguistic and/or rhetorical object, of which a
				character string can never be more than an approximate representation. By
				positing document, paragraph, and
				character string as primitive notions, we avoid specifying
				such details and allow the markup language to be compatible with different
				views of the precise nature of documents and paragraphs. 
 
		  
View note in Notes section
 The attribute name paths is used because local
				  elements would be identified not only by their generic ID, but also by part or
				  whole of their ancestral line (thus, effectively, by a path; later examples will illustrate that). The plural
				  form (paths) is used because a
				  rule might be applicable to more than one element, in which case the paths
				  identifying them would be separated from one another by spaces in the attribute
				  value.

View note in Notes section
A fuller treatment of the type / token distinction, in the
				  context of markup and rich document structures, will be found in [dh2009].

			 
View note in Notes section
If the sentences above the line are given, then the sentences
				  below the line may be inferred.
 
				Some readers may be more familiar with the convention of
				  writing such rules as conditionals; expressed as a conditional, the rule given
				  in the text would read (∀ x)(is_TEI_document(x) ⇒
				  (is_document(x) ∧ is_XML_element(x))) 
 
			 
View note in Notes section

	[1]To avoid having all logical truths show up as part of the
					 meaning of every markup construct, in practice we take the set of
					 sentences S true because of M to mean sentences we can infer, given
					 M, that cannot be inferred without M.
 
				  The set of inferences possible, given M, also depends on
					 what other premises are available; the result is to make the set of inferences
					 and thus the meaning of M vary with what else is known; this resembles at
					 least vaguely the idea expounded by Wrightson's application of situation
					 semantics [AW2001, AW2005]. If M is
					 completely redundant with other information, its net addition to our stock of
					 inferences may be nil.
 
				

	[2]We should point out here that, since we assume that generating
			 each of I(D) and F(D) is a terminating process, we are implicitly
			 assuming that they both are finite sets, which in practice they are. Moreover,
			 each member of each set is also of finite length.


	[3]The number and kind of the primitive notions assumed in the
				semantic description of a vocabulary, and the explicit relations among them,
				may vary with the design and purpose of the vocabulary or with those of the
				FTSD itself. In some cases, it may be desired to specify the meanings of some
				concepts in terms of a small number of primitives. In other cases, it may be
				better to allow the precise relations among concepts to remain unspecified, by
				treating them all as primitives.
 
			 In this case, for example, one could stipulate that a
				document is, by definition, a sequence of
				paragraphs (in which case its title, authorship
				attribution, language, etc., would be, by definition, not part of the document
				but extraneous to it), or that a paragraph is, by
				definition, a subdivision of a document (in which case one
				might argue that no two documents can ever contain the same paragraph).
				Similarly, some might prefer to say not that a paragraph has a
				character-string value, but that a paragraph consists of a
				string of characters (which others, in turn, would resist on the grounds that
				in reality a paragraph is a linguistic and/or rhetorical object, of which a
				character string can never be more than an approximate representation. By
				positing document, paragraph, and
				character string as primitive notions, we avoid specifying
				such details and allow the markup language to be compatible with different
				views of the precise nature of documents and paragraphs. 
 
		  

	[4] The attribute name paths is used because local
				  elements would be identified not only by their generic ID, but also by part or
				  whole of their ancestral line (thus, effectively, by a path; later examples will illustrate that). The plural
				  form (paths) is used because a
				  rule might be applicable to more than one element, in which case the paths
				  identifying them would be separated from one another by spaces in the attribute
				  value.


	[5]A fuller treatment of the type / token distinction, in the
				  context of markup and rich document structures, will be found in [dh2009].

			 

	[6]If the sentences above the line are given, then the sentences
				  below the line may be inferred.
 
				Some readers may be more familiar with the convention of
				  writing such rules as conditionals; expressed as a conditional, the rule given
				  in the text would read (∀ x)(is_TEI_document(x) ⇒
				  (is_document(x) ∧ is_XML_element(x))) 
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            Abstract
The concept of a flexible and yet also breakable interface is central to
                successful configuration and version management for a messaging specification.
                Changes which are made to a message or message definition should not affect systems
                or design teams that are not concerned with the subject of the change. However,
                changes causing unexpected behaviour or misinterpretation of a message should ‘break
                the interface’ thus making it impossible for systems to unknowingly use a changed
                message in a way which may hold clinical safety or other risks. Achieving these
                features in a complex specification with a diverse implementation community is not a
                simple matter. However, there are several measures that could be beneficial. 

             Applying the kind of configuration management discipline that is well known for
                complex software artefacts to the development of a complex specification is likely
                to be cost-effective, even though the tools available are less mature. A combined
                strategy of representing key aspects of design configuration not only within the
                specification artefacts published to the implementation community, but also as a
                matrix documenting expected impacts, and within message instances in live operation,
                is also promising as a way to enable gracious handling of change.
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        Introduction

        Version and configuration management is an important area both in computing generally
            and in the management of XML artefacts of many kinds (see 
                VXML
             ). This paper is about version and configuration management issues arising
            for a closely related collection of HL7v3 (Health Level Seven Version 3) healthcare
            messaging specifications. Although this is a specialist area, the overall challenges,
            approach and conclusions are expected to be of interest to a wider community. This paper
            is therefore divided into two sections, an introduction for background and a main body
            describing the method of analysis and resulting recommendations for improving management
            of configurable artefacts on a large programme. 

        This Introduction provides background on the underlying principles of HL7v3 and a
            general description of the structure and internal dependencies of an HL7v3
            specification. 

        The main body of the paper describes an approach developed in order to enable a
            substantial HL7v3 messaging specification to change "graciously", that
            is, accommodating change whilst restricting the introduction of interface-breaking
            changes to a necessary minimum. The principal recommendations of this approach are
            first, developing an overall dependency map and corresponding configuration matrix; and
            second, identifying specific dependencies in message instances through profiles
            referenced by name (that is, by profile-id). 

        
            HL7v3 from RIM to XML - a quick tour

            HL7 as a standards development organization (generally known as
                "HL7.org") has been engaged recently in extending and adapting the
                HL7v3 framework to accommodate a wider range of system integration approaches, in
                particular adopting an enterprise architecture framework based on RM-ODP (Reference
                Model – Open Distributed Processing, ISO/IEC 10746), and developing a suite of
                service-oriented specifications. The interested reader can follow these recent
                developments on the HL7 wiki , however this
                section focusses on the traditional core of HL7v3, that is, messaging specifications
                designed to enable information flow between disparate information systems within a
                healthcare organization. The account that follows draws on the HL7v3 Guide and
                Foundation sections of the HL7v3 Normative Edition 2008 (see 
                    HL7v3
                 ), intentionally following their style and phraseology so as to give an
                accurate sketch. However, this is only a sketch, and a thorough and accessible
                introduction to HL7v3 can be found in Hinchley's HL7v3 Primer (see 
                    v3Prim
                ).

            The heart of HL7v3 is a hierarchy of three levels of information modelling:

            
                	
                    Reference Information Model (RIM)- The RIM encompasses the HL7 domain of
                        interest as a whole, and provides an underlying relatively simple yet
                        comprehensive model for the data content of all HL7 messages. The RIM is a
                        static model of health and health care information as viewed within the
                        scope of HL7 standards development activities. The RIM is a class-based
                        model that can be expressed in UML (the Object Management Group's Unified
                        Modelling Language, ISO/IEC 19505). 

                

                	
                    Domain Message Information Model (D-MIM)- A D-MIM is a specialization of
                        the RIM that models the subject matter of a domain (a particular area of
                        interest in healthcare). For example, there is a Clinical Statement Pattern
                        D-MIM that provides a standard, high-level structure for clinical
                        information as it appears in messages supporting specific business
                        functions. A characteristic feature of the HL7v3 modelling style is that one
                        RIM class may appear many times in different specializations in one D-MIM.
                        Another feature is that association classes (in UML terms) are heavily used,
                        and often carry substantive attributes of the domain being modelled. 

                

                	
                    Refined Message Information Model (R-MIM)- An R-MIM is a subset or
                        refinement of a D-MIM that expresses the information content for a
                        particular message or closely related set of messages. 

                

            

            Complementing the structural models in the above hierarchy is a comprehensive
                repertoire of data types for class attributes and vocabulary domains for attributes
                with coded values.

            The elaboration of complex and detailed D-MIMs and R-MIMs from a single,
                relatively simple RIM is supported by methodical use of class attributes to express
                structural relationships and dependencies across the model stack. For example, the
                classCode attribute is used to classify derivatives of RIM classes, so that Acts
                that are Observations all have a common coded attribute expressing that fact. 

            Another example of methodical use of class attributes is to express state values
                that are defined for a RIM class, so that the status of an Act could be active,
                suspended, cancelled, completed, or aborted - and the semantics of these status
                values is described in a state machine that forms part of the HL7v3 normative
                publication.

            The diagrammatic representation of an R-MIM is accompanied by structured tabular
                documentation that typically contains usage constraints and implementation guidance.
                This is called a "Tabular view" in the HL7v3 community.

            The HL7v3 Clinical Document Architecture (CDA) is of particular interest, not just
                because it has been adopted for clinical messaging in the NHS Connecting for Health
                Messaging Implementation Manual (
                    MIM
                ), but also because it has been implemented in a range of contexts
                worldwide. The base CDA clinical document includes marked up text intended for human
                readers together with structured, coded data following the Clinical Statement
                Pattern, and is customarily specialized for a particular context of use by means of
                Implementation Guides providing precise guidance on usage. This is a further layer
                of specification, in particular involving Templates, (a rather generic name for) a
                specific HL7v3 way of constraining a region of an R-MIM. Typical constraints added
                to the underlying R-MIM by a Template would be forbidding or making compulsory some
                attributes that are optional, and providing specified value sets for attributes that
                have general datatypes such as strings or integers in the underlying R-MIM. 

             CDA has an R-MIM, and like all HL7v3 R-MIMs there is a defined, tool-supported
                automation that generates the XML implementation. R-MIMs (in an XML model
                representation known as the MIF (Model Interchange Format)) are transformed by
                standardized tools into a set of W3C schema documents conforming to the XML
                Implementation Technology Specification (ITS) for HL7v3. The role of datatypes in
                this context illustrates very well the interdependency of computable and human
                readable aspects of HL7v3 specifications, as described in the section on CDA in
                HL7v3 2008 Normative Edition: 

            
                HL7v3 defines both an abstract data type specification, which is the
                    definitive reference, and an XML-specific data type representation. 

                 Data types define the structural format of the data carried within a RIM
                    attribute and influence the set of allowable values an attribute may assume.
                    Some data types have very little intrinsic semantic content. However HL7 also
                    defines more extensive data types such as the one for an entity's name. Every
                    attribute in the RIM is associated with one and only one data type. 

                 A reader will often find that the XML-specific description of a data type is
                    sufficient for implementation, but at times will want to refer to the abstract
                    data type specification for a more comprehensive discussion. 

            

            A further factor is that although the principles and specification developement
                practice are strongly model driven, the majority of implementations work purely with
                the XML artefacts technically, treating the models as documentation rather than
                computable artefacts. The XML style adopted in the HL7v3 XML ITS is more suited to
                taking object instances unharmed from one object model into another (i.e as a
                serialization of instances of RIM classes), than for conventional XML processing
                based on XPath and XSLT. Much of the meaning that would be conveyed by element
                naming in other XML styles is provided through attribute values belonging to
                maintained value sets such as template identifiers. This makes these value sets -
                which can get quite numerous - a key dependency item for implementers, especially if
                value sets need to have (for business reasons) a maintenance cycle that is different
                from the maintenance cycle for the message models and thence the XML schemas.

            The manifold interdependencies within a sizeable HL7v3 specification, especially
                where a number of clinical communications are implemented using a common repertoire
                of templates, can be seen even from this brief summary. Simple version management is
                built into the available HL7v3 tools, however the potential complexity is greater
                than can be handled by simple means. Conversely, it is difficult to see how the kind
                of technology and practice used to control complex software products together with
                their specification dependencies (see 
                    SPL
                ) can be put in place across a diverse user community - and a diverse
                user community is inherent to the need for a rigorously modelled interoperability
                standard. 

        
    
    
        Sustaining an HL7v3 Messaging Specification

        A particular challenge in sustaining a complex interoperability specification for the
            long term is to enable it to change "graciously", that is, to
            accommodate change with the minimum necessary impact on established users. This is a
            problem arising from success: being able to handle change graciously is a requirement
            that emerges for interoperability specifications when they achieve a significant level
            of acceptance and implementation, and need to continue to evolve in response to changes
            in business requirements. 

        
            Development and maintenance process for a community-level specification

            A published specification designed for adoption by a substantial community is
                necessarily the output of a multi-stage process that crosses organizational
                boundaries. Changes to specification artefacts need to make sense in the context of
                this process as well as technically. This section outlines a typical development
                process (in the authors' experience across several such activities) using HL7v3
                tools. 

            The logical unit in which new content is created, or within which maintenance
                changes are introduced, is called a specification domain in HL7v3. Domains organize
                a large specification into sections containing a suite of interactions with common
                subject matter. For example, domains in the HL7v3 Normative 2008 package published
                by HL7.org include Patient Administration, Public Health Reporting and Clinical
                Genomics. Domains in the NHS Connecting for Health Messaging Implementation Manual (
                    MIM
                ) include Alerts and Diagnostic Image Reporting. From an implementation
                perspective, a domain usually (but not always) also corresponds to a logical service
                interface for interoperability. 

             A typical process for introducing change in a specification domain is as
                follows:

            
                	
                    Requirements for new interactions or changes to current interactions are
                        elaborated and documented in a business analysis artefact, for example a
                        narrative document plus analysis-level UML models showing information
                        structures and message flows. 

                     This analysis (a combination of process analysis and high level
                        information modelling) is generally undertaken within the specification
                        modelling process, either blended in or as an initial phase of work, in
                        HL7.org working groups. In HL7v3 implementation programmes it is more likely
                        in the authors' experience to be separated out into a distinct business
                        analysis team, partly by design and partly because subject matter knowledge
                        and technical HL7v3 knowledge and skills are more likely to be developed by
                        different individuals. 

                

                	
                    A specification design team analyses the requirements into HL7v3
                        information models with accompanying implementation guidance, mostly
                        embedded in the specification's Tabular Views. Any required changes to
                        locally maintained datatypes and value sets are made, then the XML schemas
                        for the new or amended messages are generated from the HL7v3 information
                        models using HL7v3 tools.

                    Alongside the XML schemas, an XML representation of the whole domain model
                        is generated, which is particularly useful from an implementer's point of
                        view since computational difference checking can be used to verify presence
                        or absence of changes eg in the guidance wording. Example messages are
                        constructed by a semi-automated process, and the whole domain content is
                        formatted into a publication package. The publication package is designed to
                        be human-readable in a Web browser, and also to have a uniform directory
                        structure so that the XML schemas, for example, can be extracted easily for
                        deployment into an implementer's test environment.

                

                	
                    The revised specification is published to the implementation community,
                        and a review and comment process follows leading to formal adoption of the
                        new and changed content. The new content and changes are then introduced
                        into live use through the implementation community's agreed implementation
                        and testing processes.

                

            

            In practice, in the authors' experience, such a development process becomes more
                variable once a family of specifications has become established in use. For example,
                once such interfaces become a normal way of doing business, requirements and
                analysis level models are more likely to come in from different sources, and a
                greater quantity of development relating to live business requirements leads to a
                greater likelihood of high priority late requirements changes. In general there will
                be changes and new content in hand for more than one domain, and the review cycles
                and publication schedules for different domains need to be aligned as far as
                possible to facilitate scheduling of review and testing activities. This added
                complexity is the price of success and needs to be expected and managed rather than
                - as sometimes occurs - just being regarded as anomalous and
                "incorrect".

             A framework for gracious handling of change is expected to deliver its main
                benefit by reducing the overall cost of the activities outlined above. 

        
        
            Representative change scenarios

            In order to identify the nature of the changes that needed to be handled
                graciously, a systematic analysis of an established specification was undertaken.
                Representative change scenarios were used to ground the analysis in implementation
                experience. Actual past change scenarios were collected from developers and
                implementers alongside probable future scenarios for change. The resulting
                collection was cut down to a representative selection through a preliminary analysis
                of similarity, ensuring coverage of the main types of change within a manageable
                selection for detailed analysis. All the selected scenarios were analysed as if they
                were isolated requirements for change against an assumed baseline, that is, it was
                assumed that the changes were independent, and actual past changes and other
                scenarios selected were analysed in the same way.

            A sample of the types of scenarios encountered is given below.

            
                Extension to a value set due to organizational change 

                A vocabulary (a value set specifying valid values for an attribute) used in a
                    message (call it a type A message) needs an additional term (value) due to the
                    addition of a new organizational unit. The structure of the message has not
                    changed, however the change in allowed values is significant for a central
                    service point that receives type A messages, and also to information systems
                    needing to issue type A messages including the new value.

                However, any systems that send type A messages and have no need to mention the
                    new organizational unit are unaffected. Their old-style type A messages continue
                    to be accepted by the central service point. 

            
            
                Introducing structured representation of medication dose

                Initially, medication dosage instructions were contained in a text field.
                    Whilst this is meaningful for a human, it is not machine processable for example
                    to enable decision support for prescribing. A new message component is
                    introduced to enable endpoints able to provide fully structured dosage
                    instructions to do so. The new component replaces the old component wherever
                    possible, and the old component will eventually become deprecated. Because of
                    the long retention period of clinical records the old component may still appear
                    in older information, even when contained in new messages. This results in
                    systematic change to the representation of a prescription, affecting a number of
                    messages across a number of different interactions.

            
            
                Extemporaneous Preparations

                Although most prescriptions involve manufactured products (such as packs of
                    tablets) that are identified using codes from a nationally managed terminology,
                    occasionally a pharmacist creates a one-off preparation for an individual
                    patient, and such an extemporaneous preparation needs to be recorded
                    differently, including its ingredients. A new message component is introduced to
                    represent these extemporaneous preparations. This structure would be used
                    instead of the standard prescription item structure when required (i.e. there
                    would be a choice about which structure is used). This results in systematic
                    change to the representation of a prescription, affecting a number of messages
                    across a number of different interactions.

            
            
                Increased validation leading to new error codes

                To increase data quality, additional specific validation is introduced on
                    certain interfaces. New error codes will be introduced to indicate the cause
                    when a message fails the new validation. The new error codes will need to be
                    recognized by sending systems, and implementers' testing processes will also
                    need to cope with new errors emerging in previously tested interfaces.

            
            
                Changes to Tabular Views to clarify interpretation

                Documentation in Tabular Views provides authoritative guidance to
                    implementers. In this scenario, a defect raised during testing is attributed on
                    analysis to misinterpretation of poor wording in the guidance. The wording is
                    revised. This is a literal change in the specification that does not include any
                    technical change, yet does constitute a significant change for implementers with
                    respect to conformance.

            
            
                Schema change as a result of an integration defect

                During testing process an integration defect is encountered which is traced to
                    an inconsistency between guidance wording in the Tabular View and the XML schema
                    for the associated message. On analysis, the guidance is found to be correct,
                    and the schema is corrected and re-issued (using the normal HL7v3 model-driven
                    schema generation process). 

                A complication for this scenario would be if the defect corrected is in the
                    datatypes schema document, which is used as a common resource by all schemas in
                    a published specification package. 

            
        
    
    
        Specification artefacts and the HL7v3 specification change process

        The development of a substantial HL7v3 specification package involves many artefacts,
            and an important early activity was to identify amongst these the key items for
            configuration management and change control. Candidate configuration items were gathered
            from the combined knowledge and experience of implementers and developers of the
            specification in workshop-style meetings, in parallel with gathering scenarios as
            described above.

        This activity, especially considered in the light of the authors' knowledge
            of other HL7v3 specification developments, brought out clearly the applicability of
            Software Product Line concepts and techniques (see 
                SPL
             )to the development of complex specifications.

        The full dependency model was too large to reproduce here. The following diagram shows
            the main dependencies in practice.
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Figure 1.A simplified diagram of dependencies
        Further analysis adopted Walter Tichy's principle (see 
                Tich94
             ) of a variant being anything that is the same from some point of view. That
            is, instead of starting out with a particular model of change (eg temporal sequence),
            start by identifying sources and kinds of variation encountered "in the
            wild" and refine from that gathered knowledge a model of variation and change
            that suits this particular situation. An important advantage of this approach was the
            ability to identify sources of difference as such without necessarily characterizing
            them immediately as sequential versions or alternates. 

         An interesting feature emerging from this analysis was that in practice many changes
            acted as sequential versions from one perspective, and parallel alternates from another.
            A simple example of this situation would be where additional interactions including one
            that substitutes for an existing interaction are added to the specification. The one
            that substitutes for an existing interaction is naturally regarded as a sequential
            update by those implementers that require it, and as an alternate by implementers that
            either have no need for the new capabilities, or now handle both variants equally.
            Similar patterns also emerge at finer levels of detail. This general pattern appears to
            be an important aspect of graceful handling of change.

        
            Configuration issues for key specification artefacts

            This section describes typical issues that arise during review and testing of a
                new or changed specification domain. These issues are summarized from a longer list
                identified through systematic review of the reference change scenarios with a group
                of experienced implementers.

            
                
                    	Consistency between XML schemas and guidance wording (Tabular Views) 

                    	
                        The schema and tabular views in a specification package are sometimes
                            found to conflict. While this is an issue in of itself, interoperability
                            could at least be achieved if all implementers followed the same
                            approach where there is a conflict, i.e. there was an agreed principle
                            of either following the guidance or following the schema in case of
                            conflict. However, examples were found of situations where each approach
                            was clearly "right", so that a simple rule was not
                            appropriate.

                    

                

                
                    	Embedding detailed version history in schema documents

                    	
                        The schemas and examples (sample instances) generated by the HL7v3
                            tools contain embedded version information including information about
                            the versions of the tools used. The practical issue here is the
                            identification of a significant change. Because all the schema documents
                            in particular are regenerated from the model when a domain is
                            maintained, embedded version information may change, even where there is
                            no change to the content, when the tooling is updated. Since in general
                            any change may trigger extgensie testing in a clinical information
                            system, this was a matter of concern and needed a formalized consensus
                            approach. 

                         Omitting the tool-version information from the generated schema
                            documents was not an attractive option, however, since a tooling version
                            upgrade had once introduced an unintended breaking change by changing
                            the order in which certain elements in the model (where classes, and the
                            attributes of each class, are essentially unordered) were represented in
                            a generated schema. 

                        The conclusion was that full version information should be included in
                            schemas and example files, and that implementation guidance should make
                            it clear that versioning and provenance metadata could be ignored when
                            evaluating whether there has been a change in a configuration item for
                            testing purposes. 

                    

                

                
                    	Usage of CMETs (Common Message Element Types) and Templates

                    	
                        CMETs and Templates are both ways of specifying component structure on
                            a scale in between a whole message and a single class. CMETs are
                            embedded components with a predefined structure, whereas HL7v3 Templates
                            provide a mechanism for a looser XML structure to be constrained in a
                            particular context. Changes to a CMET necessarily result in changes to
                            the message schema, whereas a Template can be changed without changing
                            the underlying elements in a message, thus providing some built-in
                            resilience to change.

                         Templates are used in particular to support detailed business
                            requirements for clinical data within a generic message pattern. For
                            example, in the MIM, the HL7v3 Clinical Document Architecture (CDA)
                            underlies a range of specific messages such as a Discharge summary and
                            an Emergency department report. In fact, the base CDAv2 standard has
                            been specialized to a common pattern for MIM messages (removing some
                            optional aspects of the base CDA2 standard); this generic MIM CDA is
                            further specialized to provide specific documents for each clinical
                            domain such as Discharge. The value of Templates in this context is the
                            ability to create additional specialized clincial domain messages, and
                            increase the repertoire of clinical subject matter supported,
                            independent of the overall structure and data format of the MIM CDA
                            document. This enables technical interfaces to be built generically for
                            MIM CDA clinical messages, with the detail represented by Templates only
                            taken into account by system components that are concerned with the
                            detailed subject matter. 

                        A possible approach is for Template changes to be deployed in a way
                            that ensures that significant change to a message is necessarily
                            communicated to a user (implementer) of the specification. That is, a
                            change to a template should be a
                            "breaking"change in an interface, re-introducing one –
                            though not all – of the original limitations of a CMET.

                        However, this misses the original objective that system components
                            that do not care about Templates must be able to ignore Template level
                            changes, whereas system components dealing with the detailed clincal
                            information need to be maintained and tested in line with the changes
                            made.

                        It was recommended that Templates should be used in situations where
                            the underlying structure – in absence of the template – is expected to
                            be used as a valid scenario. The ability for all MIM CDA messages to be
                            understood using the generic MIM CDA pattern is a good example of this,
                            with the practical benefit of providing a basic level of
                            interoperability for all MIM-governed clinical content.

                         Where a common message component structure is needed but there is no
                            need for the underlying message to be understood without that structure,
                            a CMET may be used, and for "breaking" change should
                            be used in preference to a Templates.

                    

                

                
                    	Vocabulary changes

                    	
                        Vocabularies in an HL7v3 specification are controlled sets of allowed
                            values for class attributes in the model, represented in the generated
                            XML either as values of XML attributes or as enumerated values of XML
                            elements. 

                        The uniform designation "vocabulary" for all value
                            sets used in a message is somewhat misleading, since they range widely
                            in significance and usage, including for example clincial terms,
                            repertoires of names for types of organizations, and values that
                            indicate the status of a business transaction. Vocabulary changes tend
                            to be more frequent than data structure changes, so maintaining
                            vocabularies separately is attractive, and is essential for those
                            vocabularies such as clinical terminologies that are maintained on an
                            independent timescale. However, although separate change management is
                            very appropriate for many vocabularies, it also introduces potential
                            problems since changes to required processing on receipt of a message
                            can in principle be made by this route without necessarily being clear
                            to implementers. 

                         So, although some vocabularies are obviously better maintained
                            outside the HL7v3 specification itself, there are also risks associated
                            with this approach. It was recommended that if a significant functional
                            or conformance interpretation of an element or attribute is changed,
                            then this should not be done without simultaneously breaking the
                            technical interface - even if this requires an apparently unnecessary
                            artifice to force the break.

                    

                

            

        
    
    
        A framework for implementing specification change

        Artefacts within specifications for system interoperability describe behaviours,
            interactions, messages, models, templates, vocabularies, schemas etc. that change over
            time. These changes may be triggered by many factors including new business
            requirements, enhancement/expansion to address new business needs or domains, fault or
            issue resolution, changes to underlying standards, and changes to vocabularies as
            discussed above. 

        Sizeable specifications generally start small, for example growing from a relatively
            simple set of messages to a complex specification with multiple kinds of dependencies.
            Eventually it is a good idea to take a checkpoint, re-evaluate the whole picture and
            consider how best to support both current implementers and future plans.

        The following key recommendations emerged from the work underlying this paper, to
            enable effective configuration management whilst supporting appropriate -
            "gracious" - responses to change in the implementer community.

        
            	
                Creating and maintaining a fully detailed dependency model that not only shows
                    the expected impact of changes but also states where configuration changes
                    should create changes in other entities and where they should not.

            

            	
                 Using a Configuration Matrix to manage the impact of change, and to
                    communicate an authoritative view of the expected impact of a published or
                    intended change.

            

            	
                 Using a Version Profile, Profile ID and Profile Manifest as a central
                    resource for versioning all of the ‘configuration items’ of a message.

            

            	
                 Additions to XML Schemas in the published specification to support more
                    flexible, configurable change. 

            

        

        The first of these may seem obvious, however previously the number of configuration
            items and the relationships between them, and the practical benefit to be gained from
            the considerable effort involved to create and maintain a configuration control model
                for an HL7v3 interoperability specification, had not been
            clear. 

        The other recommendations are presented in more detail below.

        
            Configuration Matrix

            The configuration matrix is intended to communicate expectations of change impact
                and dependencies between principal configuration items, to both developers and
                implementers. For all parties, this will help in assessing the impact of upcoming
                changes, and support prioritization of changes in terms of development cost, service
                impact and benefit. In addition, the use of the matrix as a communication tool will
                support the development of a shared understanding of the impact of new requirements,
                and of the level of change that is expected to be handled by information systems
                performing different roles within the implementation community. 

             The following shows a simplified view of a configuration matrix for the MIM,
                showing the various versioned configuration items matched against implementation
                areas in which specification changes may cause change (note values shown are
                illustrative and do not represent real findings). The list of items on the left
                shows configuration items, including some MIM components and related artefacts not
                discussed in this paper. The list along the top shows the main areas of
                implementation affected by specification change.
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Figure 2.An example matrix
            The example above shows a simple scale of severity of impact. Depending on the
                overall system architecture and the kinds of impact most relevant to an
                implementation community, a configuration matrix could show for example:

            
                	
                    Levels of impact against a predefined scale indicating the extent and
                        nature of testing required before entering live operation

                

                	
                    Categorization against a range of predefined timescales for withdrawal of
                        "old" interfaces

                

            

        
        
            Version Profile, Profile ID and Profile Manifest 

            The main technical innovation proposed to support configuration management
                together with gracious response to change is that all MIM-specified messages will
                carry a Profile ID that references a corresponding
                    profile manifest published to the implementation community. 

             A particular profile manifest will contain a version identifier for every
                configuration item relevant to an instance message. Thus a particular permutation of
                artefact versions can be referenced at run time in a message and at design time by
                suppliers.

             The profile manifest will be the key singular reference for version control that
                is maintained by specification developers. In other words, if any item that affects
                a message is changed then the profile manifest for that message must be updated.
                This will allow most other versioning constraints to be liberated. For example,
                parts of a message can be changed without having to change the formal identifier of
                the interaction but in the confidence that the change will be known to any user via
                reference to the profile.

            A example of a (very short) profile manifest follows, showing references to a code
                set for error codes together with two items of supporting documentation.

            
                
                <?xml version='1.0' encoding='UTF-8'?>
                <pm:profile 
                xmlns:pm="urn:modelling-config-managment-initiative/profile-manifest"
                xmlns:SOAP="http://schemas.xmlsoap.org/soap/envelope/" >
                
                <pm:profile-id-meta-date>
                <pm:profile-id>eps-2.01.03</pm:profile-id>
                <pm:creation-date>
                $Date: 2008-12-01 10:55:32 +0000 (Mon, 01 Dec 2008) $
                </pm:creation-date>
                <pm:status>normative</pm:status>
                <pm:author>$Author: Mikeodlingsmee $</pm:author>
                <pm:version>$Revision: 83 $</pm:version>
                </pm:profile-id-meta-date>
                
                <pm:config-item type="document">
                <pm:name>EIS</pm:name>
                <pm:id>EIS</pm:id>
                <pm:version>11.3</pm:version>
                </pm:config-item>
                
                <pm:config-item type="document">
                <pm:name>EPS Implementation Guide</pm:name>
                <pm:id>EPS-Impl</pm:id>
                <pm:version>7.5</pm:version>
                </pm:config-item>
                
                <pm:config-item type="codeSystem" SOAP:mustUnderstand="1">
                <pm:name>EPS (PPA) Error Codes</pm:name>
                <pm:id>2.16.840.1.113883.2.1.3.2.4.16.37</pm:id>
                <pm:version>3</pm:version>
                </pm:config-item>
                </pm:profile>
            

            

            Since some content may be sent onward some time after initial receipt, and message
                wrappers will in general be regenerated for each sending, then for most messages it
                is actually necessary to have two profiles: 

            
                	
                    Transport-profile-ID: Represents layers of the
                        instance message that are necessary for transport, security and audit. In
                        general this information is only relevant whilst the message is in flight,
                        and most systems discard the information (bar audit) once the message has
                        reached its destination. At any one time there will be relatively few
                        different transport-profile-IDs in use to exchange messages between
                        endpoints. 

                

                	
                     Payload-profile-ID: Represents the business payload
                        of the message. In general the business payload contains information that is
                        displayed to the end user or otherwise acted upon by the receiving system.
                        Depending on the application this information (in some cases the raw XML)
                        may have a long lifetime (from days, weeks, to many years) and hence we
                        should expect to have an ever-growing list of profile IDs over time. For the
                        same reason, it is expected that (copies of) the same payload will be
                        transmitted at different times in messages with different
                        Transport-profile-IDs.

                

            

        
        
            Additions to XML Schemas to support more flexible, configurable change. 

            The full analysis contained a number of recommendations specific to the HL7v3 XML
                ITS. Amongst these are some more general recommendations more likely to be of
                interest to the wider markup community, as follows.

            
                Treat even small value sets as separately maintained vocabularies

                A number of small value sets were accumulated into a single schema document,
                    that in time gradually became a common dependency point for a large number of
                    message schemas. 

                It is recommended that this single common schema be split into multiple
                    vocabulary files, managed as parts of specific domains. Some vocabularies will
                    be used by interactions from multiple domains. Where this occurs one domain
                    should be considered ‘owner’ of that vocabulary. Other domain interactions using
                    that vocabulary will use that domain’s vocabulary schema. This recommendation
                    would also allow versioning of the vocabulary schema document filenames,
                    supporting direct control of schema "breakage" in implementation contexts
                    without configuration management support.

            
            
                Embed versioning in names of complex and simple types to control breaking
                    change

                Changing the filename in order to break an interface is one possible approach.
                    However a finer grained mechanism for selectively breaking the interface is to
                    version the type name in a schema. For example, instead of a type name such as
                        <xs:simpleType name="AdministrationType_code">,
                    use <xs:simpleType
                        name="AdministrationType_code_v1.1">

                Designers are thus able to add a new version of a type without changing the
                    filename of the schema document. Legacy schemas will be able to use the new
                    schema document but instances of the legacy schema will not be able to use the
                    new version of the type without allowing for the update. Again, this feels
                    somewhat crude compared to automated configuration control, however is likely to
                    deliver appreciable benefit across a diverse implementation community where
                    common tools & approaches cannot be assumed.

            
            
                Support for fallback processing?

                A range of possibilities were discussed for establishing uniform strategies
                    for handling messages where the sending and receiving system are out of step in
                    version support. This is especially relevant in the longer term for dealing with
                    older electronic records of clinical information that are still relevant for a
                    patient's care. No consensus was reached for a definite recommendation, however,
                    since the balance between losing some information by rejecting messages, and
                    potentially misinterpreting some information by applying fallback processing to
                    poorly supported messages, is difficult to weigh. The main strategy in this
                    regard remains the overall conformance of all MIM clinical documents to a
                    generic HL7v3 CDA format, with defined minimum processing for such generic
                    documents that ensures the human-readable information at least will be able to be displayed. 

            
        
        
            Validating the recommended framework

            The full recommended framework for change, which we have only sampled here, was
                validated by working through all the change scenarios identified at the start of the
                project. In each case, the current process for managing such a change was elaborated
                in detail, followed by elaboration of a recommended process using the new framework,
                and testing of these recommendations by an independent panel. 

            This validation process was used informally with key scenarios during development
                of the framework, then documented formally for each change scenario in the final
                report as evidence for the viability and efficacy of the recommendations.

        
    
    
        In conclusion

        The concept of a flexible and yet also breakable interface is central to successful
            configuration and version management. A well-planned configuration management strategy
            allows interfaces to be both flexible and breakable depending on the circumstance. 

         Changes made to a messaging specification should not affect systems or system
            creators that are not concerned with the subject of the change. However, changes to a
            message or message definition that could cause unexpected behaviour or misinterpretation
            of a message should "break the interface" thus making it impossible for systems to
            unknowingly use a changed message in a way which may hold clinical safety or other
            risks.

        In other words, in any particular configuration change, people and systems which need
            to know MUST know and people and systems who don’t need to know, SHOULD NOT have to
            know. 

        Achieving these features in a complex specification is not a simple matter. Applying
            the kind of configuration management discipline that is well known for complex software
            artefacts to the development of a complex specification is likely to be cost-effective,
            even though the tools available are less mature. Representing key aspects of design
            configuration within the specification artefacts published to the implementation
            community, in documentation as a matrix documenting expected impacts, and as profiles
            within message instances in live operation, is also promising as a strategy to enable
            gracious handling of change. The way in which these artefacts support activities and relationships
            across the implementation community is summarized in the following diagram.

        [image: Overview]
                
            
Figure 3.Overview
        A final conclusion was that validation of the actual benefit of these recommendations
            should be undertaken in a structured, evidence-based manner after a period of live use.
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      Abstract
At the 1999 XTech conference in San Jose, Netscape demonstrated
      their web browser natively rendering an XML document for the first time.
      It is now a decade later, browsers have changed, and there has possibly
      been forward progress. This paper briefly describes the demonstration
      from 1999 and then questions whether current browsers can or cannot 
      handle what was demonstrated in 1999. It also details how new XML 
      vocabularies can be integrated into the browser to provide a new way 
      forward for XML in the browser.
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    "First Hand" XML History


    It was Thursday, March 11th and the last day of XTech 1999 in San
    Jose, California, just before lunch. We'd just heard a presentation from
    Microsoft about their vision for client and server XML and what we should
    expect in IE (Internet Explorer) 5. I and few of my colleagues were
    standing in the back, arms crossed, ready for the session to be over. The
    next presentation [xtech-slides-1999] was from Netscape
    about their new Gecko rendering engine and what came next was going to
    make our day.


    The first six slides went through more technical information than
    most wanted about how it was all going to work together and on the seventh
    slide was a demo. The demo consisted of a simple XML document listing six
    books, their titles, authors, and ISBN numbers that had been rendered via
    CSS natively for the first time in a widely used, open-source, commercial
    web browser [xtech-books-1999]. For some of us, that
    was delivery on the promise of rendering XML on the web and surprise to
    many in the room. It deserved and received a standing ovation.


    The demo continued in that not only was the document able to be
    rendered, but Javascript was used to add semantics to a set of buttons
    that toggled the sort order (via title, author, or ISBN) and the style (as
    a simple list or boxes). The style changes were simply enabling and
    disabling of different CSS stylesheets with a dramatic effect on the
    document. This again deserved applause.


    They could have stopped there with some success but there was more
    to be seen. A few slides later was a final demo that demonstrated
    client-side harvesting of information [xtech-tocdemo-1999]. An IRS document in XML was presented
    that contained a small box with a button labeled "Contents" on the right.
    When this button was pressed, TOC items were harvested from the document
    and a collapsible table of contents was displayed on the left side of the
    document. When a TOC item was clicked, the document navigated to the
    item's location in the document. Unbeknownst to the users at the
    conference, this was accomplished via Simple XLinks [simple-link] embedded in the TOC.


    Elated and hungry we all went to lunch with "success" on our minds.
    We had just stood witness to the start of an avalanche, or so we thought,
    of delivery of XML content to users. We were no longer bound to the
    perceived limitations of HTML.

  

  
    The Status Quo


    Given the demos from 1999, the simple question is where are we today
    after a decade of "progress". Testing with IE 6, IE7, IE 8, Firefox,
    Safari, and Andriod's WebKit-based mobile browser, we get these
    results:


    
      Table 1
        	Browser

        	Books Demo

        	TOC Demo
      


      
        	Firefox 3.x

        	Yes

        	Yes
      


      
        	Safari 4.x

        	Yes

        	Partial
      


      
        	Andriod (WebKit)

        	Yes

        	Partial
      


      
        	IE 6

        	No - Blank Page

        	No - Errors
      


      
        	IE 7

        	No - Blank Page

        	No - Errors
      


      
        	IE 8

        	No - Blank Page

        	No - Errors
      

    




    The books demo uses CSS for rendering and Javascript via a
    "borrowed" HTML script element. The CSS is provided by three
    separate stylesheets. In the case of all the "recent" versions of IE, the
    browser fails to render the document and provides no indication of what
    failed. All the other browsers give a consistent rendering and user
    experience--including the loading and execution of the Javascript.


    As for the TOC demo, since this demo uses XLink and only Firefox
    completely implements simple links, only Firefox can display this demo
    correctly. WebKit and all WebKit based browsers have some ability to
    detect simple links and provide the hover/click semantics for rendering
    display, but the show/replace semantics are not implemented. For this
    demo, all versions of IE have the same Javascript error related to
    unimplemented parts of the DOM level 2 specification [dom2].


    Based on browser usage statistics [usage] and
    grouping all WebKit based browser together, we get a penetration of 32.74%
    of browsers that can render XML (excluding XLink handling) as of July 9th,
    2009. Given that IE fails for both demos and consists of around 65.5% on
    that same date, that leaves roughly 1.76% in an unknown state of whether
    they can render and manipulate XML documents. That's not a very good
    result for a decade of browser development--mainly due to IE's dominance
    and failures.


    The question remains as to where the decade has gone. One large
    factor has been the stagnation of browser development due to the demise of
    Netscape and the resulting reluctance of Microsoft to really implement the
    W3C's recommendations. Only recently has the public--either general or
    developers--understood the need for conformance to these W3C
    recommendations and how failing to do so affects both the bottom line and
    the user's experience.


    Nevertheless, the open source community has emerged strong with two
    viable contenders for core browser technology--Firefox [mozilla] and WebKit [webkit]. While
    readers are probably more familiar with Mozilla Firefox, the WebKit
    project is the core technology inside Safari, Chrome, the iPhone's web
    browser, and Andriod's web browser. Also, the WebKit project is both open
    source and supported by large companies such as Google and Apple.

  

  
    Browser Application Delivery


    [image: The Current Model of Application Delivery]
        
      
Figure 1.The Current Model of Application Delivery



    Over the last decade the browser's intrinsic ability to handle
    deliver of complex applications based on some combination of HTML,
    Javascript (ECMAScript), and CSS has dramatically increased such that it
    is an economic force. Delivery of goods and services via browser based
    applications have become not only common but critical to a company's
    continued success. In addition, new kinds of services have been enabled by
    the flexibility provided by the browser as a semi-consistent network-based
    thin client.


    This success has been driven by the fact that HTML, not XML, in
    conjunction with CSS and ECMAScript has been spiraling towards a
    consistent target platform--dragging Microsoft kicking and screaming along
    the way. The Application Provider is then responsible
    for bridging the gap between any Content Providers
    and the target application that will properly render and present their
    content intertwined with an application. Many creative and resourceful
    developers have found ways around browser quirks and lack-of-conformance
    issues to provide consistent toolkits for use by the application
    provider.


    The result is the Web User receives the
    application and content intertwined as unrecognizable HTML from whatever
    source received from the Content Provider. The
    unfortunate consequence is that they cannot necessarily re-purpose the
    information they receive. For many this is not an issue but, depending on
    user's needs, such lack of information repurpose means they may not be
    able to even read or use the application due to accessibility or other
    human constraints. Further, the user may be unable to use augmentation
    tools--such as browser extensions--to extract additional information or
    enhance their user experience from the same lack of the original
    content.


    Even with these restrictions, this model has been wildly successful
    and has delivered, on both the business and user sides, a web with some
    aspect of ubiquity. All of this is without much XML involved in the
    client-side delivery of content to the browser. XML has largely been
    hidden on the server-side of the application.


    
      Intrinsic Vocabularies


      Any markup that a web browser can natively process with some
      well-defined non-trivial semantic without the aid of additional
      constructs (e.g. stylesheets) we'll call an Intrinsic
      Vocabulary. By that definition, HTML is an intrinsic
      vocabulary. Notably, XML is not an intrinsic vocabulary as some
      semantics--at least via something like CSS--are needed to give the
      browser some instructions as what to do with a specific XML
      document.


      An application provider can rely upon an intrinsic vocabulary to
      have some baseline semantic. They can still enhance the semantics by
      using additional augmentations such as a stylesheet or ECMAScript. In
      some cases, like SVG or MathML, while a stylesheet may enhance the
      rendering, the vocabulary itself is self-contained and the mere act of
      delivering the vocabulary invokes the intended result.


      Given a sufficient set of intrinsic vocabularies for linking,
      diagramming, and specialized communications like Mathematics, an
      application developer can deliver content to the browser with some
      expected result and semantics for the user. In the case of domains like
      Mathematics, by having MathML as an intrinsic vocabulary, augmentation
      by tools or accessibility can be achieved by the simple fact that the
      markup is there instead of a representation (e.g like an image of the
      mathematics).


      Unfortunately, the set of currently available intrinsic vocabularies 
        is across the different browsers is limited to a subset of HTML
      4. MathML [mathml], SVG [svg], and
      other possible intrinsic vocabularies are limited to specific browsers
      and their implementations are incomplete.

    

    
      The Core Intrinsic Vocabularies


      There are many choices for core intrinsic vocabularies but it is
      clear that the likely near-term outcomes are the following:


      
        	
          HTML5 - provides needed enhancements to
          HTML while providing a standard way of including other vocabularies
          like MathML or SVG and, at the same time, provides an option for an
          XML syntax.

        


        	
          SVG - provides interactive diagrams that
          can be affected by stylesheets and/or ECMAScript much like
          HTML.

        


        	
          MathML - provides essential content
          models for mathematical, scientific, or education content.

        

      


      While HTML5 is currently under development, the promise of the
      ability to mix MathML and SVG into an HTML document is very powerful.
      Add to that the ability to deliver an HTML document in XML syntax
      without it being thought of as a separate vocabulary means we can
      utilize all the work that has gone into making XML
      internationalized.


      Also, SVG has shown up recently in several browsers. The support
      for this essential vocabulary will certainly grow over time in the
      open-source community. Whether commercial browser vendors like Microsoft
      will support SVG is unknown.


      Finally, MathML support is currently only native to Firefox. While
      MathML was the first XML vocabulary produced by the W3C in April 1998,
      only the Mozilla developers have chosen to integrate it into their
      browser--which is, unfortunately, an incomplete implementation. While
      Mathematics is a universal human language with a long history,
      intertwined into so many subjects, and involved in so many
      communications, MathML support has been largely ignored by browser
      vendors.


      Nevertheless, what separates an intrinsic vocabulary from a
      non-intrinsic vocabulary is the ability to map from one to the other. A
      non-intrinsic vocabulary can be composed out of intrinsic vocabulary
      components via some kind of mapping. In contrast, an intrinsic
      vocabulary is difficult to implement correctly and efficiently. We need
      our browser vendors to build-in support for intrinsic vocabularies as
      the average developer cannot do so.

    

    
      Firefox Extensions for Non-Intrinsic Vocabularies


      Unlike many other desktop browsers, Firefox provides the ability
      to write "extensions" [extensions] in addition to
      "plugins". A plugin typically provides:


      
        	
          the ability to handle a specific media type,

        


        	
          the ability to render that media type via an HTML
          object element.

        

      


      In contrast, Firefox has a very successful extensions model that
      provides augmentations to the browser. Extensions can provide what a plugin
      provides as well as add UI elements (menus, sidebars, etc.) and other
      internal components. These augmentations can be used in concert to
      provide a completely new experience for specific tasks or
      services.


      An extension is installed by the user and always present, unlike 
        plugins which are invoked as necessary by the browser to handle a 
        specific media type.  Accordingly, the user can add extensions that they 
        rely upon for their "every day" experience when using the browser.


      The user can find new extensions by visiting a registry provided
      by Mozilla. Within Firefox, a user can search and access an application
      registry (addons.mozilla.org) where developers have uploaded extensions.
      These extensions have been put through a basic approval process by which
      a user has a minimum level of confidence that the extension isn't
      malicious. Afterwards, the same services are used to allow the developer
      to upload and distribute updates to their extensions.
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Figure 2.Firefox Extensions



      Somewhat unique to Firefox is the ability to register new internal
      components via an extension that can be used by other extensions or web
      pages. These components become part of the browser's ecosystem. As such,
      an extension developer can truly "extend" the basic core of the browser
      and add the ability to process new XML vocabularies.


      Firefox's extension architecture enables a new application model
      for developing and deploying markup semantics. Previously, had we wanted
      to deliver XML content directly the browser, either it was one of the
      browser's intrinsic vocabularies or it was delegated to a plugin and 
      accessible only as a standalone or via a HTML 'object' element. Within
      this new model, we can develop an extension to the browser that
      understands the XML media type and delegates to our own components using
      the browser's ecosystem and intrinsic capabilities to render the
      document.


      With this architecture we can extend Firefox such that it can
      handle any XML vocabulary we choose to send to it as long as it can be
      uniquely identified either by namespace or media type (preferably by
      media type). The basic process by which the extension does this is by
      registering a media type handler component with Firefox's internal
      registry. This component is responsible for handling, parsing, and
      otherwise processing the XML data stream coming across any transport
      Firefox supports (e.g. files, http/https, ftp, etc.).


      Since we have a non-intrinsic vocabulary, the extension can
      provide whatever internal semantics to translate, transform, other
      otherwise orchestrate the use of intrinsic vocabularies like HTML,
      MathML, SVG, etc. to render the document and provide user interface
      components to the browser user. From the perspective of the browser
      user, ultimately, the XML document received is just another tab in their
      browser window. From the perspective of the developer, the user
      interface provided can be much more rich in UI widgets, semantics, and
      privileges than what a typical HTML document provides. The end result is
      a merged view of the application and the document's rendering within the
      Firefox user interface.
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Figure 3.Firefox Extensions


    

    
      Mobile Applications


      Mobile applications as architected by Google for their Andriod OS
      and Apple for their iPhone OS are both remarkably similar to each other
      as well as similar, in a limited way, to Firefox extensions. A mobile
      application is essentially a program that runs on the mobile OS platform
      with access to certain system services. On both the Andriod and iPhone
      platforms, one of these system services is the ability to construct a
      web browser environment based on WebKit.


      Much like Firefox's addon registry, the developer uploads the
      application to the "marketplace" where users can download it and add it
      to their mobile phone's environment. Unlike a Firefox browser extension,
      it isn't really merged into the browser and does not augment the general
      web browser's capability. Instead, it provides a separate launching icon
      where the user must go to initiate the application.
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Figure 4.Mobile Application Markets



      Even given the limitations in augmenting the general web browser
      on these platforms, the mobile application can do remarkably similar
      things. Within the environment a developer can instantiate a browser
      instance, load content, and manipulate the browser's environment. To
      some extent, the mobile developer can mimic some of the Firefox browser
      extension environment by building their own application.


      What a developer cannot do is change the browser's handling of
      media types. If a document is requested that uses some specialized XML
      vocabulary, it will get rendered using the same rules as if the user
      were using the platforms browser application. As such, the application
      developer needs to understand and control what is being given to the
      browser much more so than within Firefox.


      In addition, once the application has rendered an XML document
      into some kind of HTML/Intrinsic vocabulary application being displayed
      by the WebKit instance, there are platform-specific limitations as to
      what kinds of interactions between the application and document can
      occur. This can be broken down further into these useful application
      categories:


      
        	
          Affect Global Environment: Can the application provide global
          objects accessibly by any document loaded by the browser
          instance?

        


        	
          Execute Inside: Can the application execute ECMAScript within
          the browser's document?

        


        	
          Execute Outside: Can the document execute scripts or access
          objects within the application's environment?

        

      


      
        Table 2
          	OS/Browser

          	Affect Global Environment

          	Execute Inside

          	Execute Outside
        


        
          	Andriod/WebKit

          	Yes

          	No

          	Yes
        


        
          	iPhone OS/WebKit

          	No

          	Yes

          	No
        


        
          	Firefox

          	Yes

          	Yes

          	Yes
        

      




      The result of this analysis is that Andriod applications cannot
      affect their documents once loaded but their documents can initiate a
      request causing such a change. As such, an Andriod application can work
      around this limitation by a few clever bootstrapping tricks where there
      is always an internal document which proxies subsequently loaded
      documents in an iframe.


      Conversely, an iPhone OS application can affect their documents by
      executing scripts within their documents but the document cannot
      interact with the application and the application cannot affect the
      global environment in which the document exists. This severely limits a
      browser based application because the document cannot tell the
      application about an event unless the application regularly inquires
      about its status. Similarly, there is no ability to pass continuous data
      streams (e.g. Accelerometer events) to an application without constant
      execution of scripts.


      Nevertheless, in both these mobile application platforms you can
      build an application that loads, intercepts, and understands XML
      vocabularies while utilizing the intrinsic abilities of the mobile
      browser to handle the rendering and UI semantics. The application has to do
      a lot more of the "heavy lifting" than in the case of a Firefox
      extension and it also cannot integrate quite seamlessly into the
      browser's internals.

    

    
      The Unified Application Model


      Common between Firefox extensions and applications on the iPhone
      or Andriod platforms is:


      
        	
          an "application registry" or "store" where users can readily
          get new functionality,

        


        	
          the use of the browser as a core application user interface
          component,

        


        	
          the reliance on HTML and associated intrinsic capability of
          the browser for application functionality.

        

      


      Unfortunately, in the case of both the mobile platforms, the
      browser's integration into the application is limited. While we can
      possibly write an application that interacts with our XML content, we
      can only do so within the confines of our application. The regular
      browser on the mobile platform remains ignorant of what to do with such
      XML content.


      What we want is for the browser itself to be augmented to handle our
      media type so that the user experience inside and outside of any mobile
      or desktop application is the same. We don't want to duplicate the
      browser's architecture for handling transports, media types, and linking
      that it already does well. Instead, we want to augment the existing
      known media type handlers and insert a portion (if not all) of our
      application.
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Figure 5.Unified Model



      A simplified scenario for how this works internally can be
      described as this sequence of events:


      
        	
          A XML media type is recognized at the transport layer.

        


        	
          The media type is associated with our embedded application's
          media type handler for that XML vocabulary.

        


        	
          The XML data stream and metadata is transferred to our
          application component registered for that media type.

        


        	
          From the XML content received, our embedded application
          component constructs user interface elements and/or web content
          documents in the browser's intrinsic vocabularies.

        


        	
          The unified experience of our application facade and the web
          content documents are presented to the user.

        

      


      The end result is the user's experience is much like that of any
      other HTML application they might use a browser to access. The
      difference is that over the transport they received the XML content
      rather than some single-purpose rendition of that content. As such, they
      can choose the embedded application appropriate to the experience that
      they desire.

    
  

  
    The DAISY Book Example


    The DAISY/NISO standard, ANSI/NISO Z39.86 [daisy3], commonly known as DAISY 3, is an e-book
    specification developed with accessibility for the visually disabled in
    mind. While the specification itself is not limited to only such special
    purpose software environments, the focus of development has been around
    the such special needs users. In the end, the e-book specification is a
    collection of XML vocabularies that work together to form a single
    e-book.


    [image: A DAISY Book]
        
      
Figure 6.A DAISY Book



    The anatomy of a DAISY 3 book starts with a manifest document called
    a "OEB Package File". This XML document type was developed by the Open
    E-Book Forum/International Digital Publishing Forum [idpf] and provides a manifest of all the parts of the DAISY
    e-book. From such a manifest you can access:


    
      	
        The DAISY DTBook XML instance which contains the e-book
        content,

      


      	
        The DAISY NCX XML instance which contains navigation information
        about the e-book (e.g. table of contents),

      


      	
        SMIL XML documents used to provide playback scripts for the
        e-book content,

      


      	
        Any ancillary media objects used by the playback or book.

      

    


    For a browser to open and display such an e-book, assuming we start
    with the OEB Packaging, the browser must first collect all the related
    parts and then decide what to render. The starting point of the packaging
    file gives the typical XML rendering very little to display. As such, just
    associating a CSS stylesheet or an XSLT transformation for rendering is
    insufficient.


    Solving this requires a browser extension that understands the OEB
    Packaging file's media type, application/oebps-package+xml,
    and invokes a DAISY browser extension. This component is the responsible
    for locating the different documents linked by the manifest in the OEB
    Packaging document. The collection of document located is then used to
    assemble an appropriate UI within the browser.
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Figure 7.A DAISY Browser Extension



    The DAISY NCX document is used to provide a navigation aid, such as
    a table of contents, to the user. This document has links into the DAISY
    DTBook instance, which is the e-book content. These documents are used to
    present the user with a browser tab with e-book content via some XSLT
    transformation.


    The book itself can be "played" to the user via the linked SMIL
    documents. These XML documents describe how the content from the original
    DAISY DTBook instance should be sequenced. As such, care must be taken in
    the transformations to preserve the identity of content elements so the
    SMIL references will work. In the end, the user is presented with playback
    options that sequence the book's content.


    The end result is the user "opens" a DAISY book just like they do any
    other web document. They just follow a link or type in a URL to a DAISY
    book's packaging document and read the content. They don't need to know
    that there is some more complicated processing going on behind the
    interface presented to them.


    The crucial point here is that for accessibility, since DAISY was
    started as an e-book format for blind and otherwise visually disabled
    people and since the DTBook content is translated into an intrinsic
    vocabulary (HTML) that the browser already understands, the tools used by
    these people to read web documents still work. The vendors of such tools
    like screen readers do not need to add specialized support for the DAISY
    book reader because, to them, the user is just reading a regular HTML web
    document. The combination of standardized intrinsic vocabularies and
    widespread software supported by these vendors means that specialized
    software like the DAISY browser extension can "hide" in the background and
    allow the user the same experience they are used to when they browse the
    web.


    This DAISY book extension has been implemented as a Firefox
    extension and is now open-source. It is available for download from
    launchpad.net [daisyextension].

  

  
    A Peek Into the Future


    Making predictions is certainly risky business. Many of us at that
    1999 XTech presentation thought we were at the start of the ability to
    deliver high quality XML content to users over the web and into their
    browsers. What we didn't understand was the complexity of the
    interactivity model being developed within HTML, the explosion of
    sufficiency from "regular HTML" based web applications, and the relative
    high complexity of delivering a true XML application to a client-side
    browser.


    In 2009, we've found ourselves at another crossroad where high
    quality browser technology is now simultaneously scalable to the mobile
    platform and open-source as WebKit or Firefox. The promise of WebKit
    provides the unique ability to contribute to open-source efforts and
    bridge the gap between the ultimate flexibility of the Firefox Mozilla
    platform and the streamlined and compliant nature of WebKit. That is, we
    can make WebKit what we need simply by actively contributing or otherwise
    supporting its development.


    In the past, we waited for the browser vendors to do "the right
    thing". Now we can make what we want to happen by embracing our
    open-source browser technologies and have them do "the right thing"
    because we implemented the code to do so. That's our choice: to contribute
    or let our ideas fail.


    In the spirit of this, I present these challenges for the
    reader:


    
      	
        We need intrinsic vocabularies and semantics we can rely upon.
        We must have HTML5, SVG, and MathML.

      


      	
        We won't wait for "someone else" to develop our browser
        enhancements.

      


      	
        We will embrace the idea of intrinsic vocabularies, like HTML,
        because such things take an inordinate amount of time to
        develop.

      


      	
        We will replicate the browser extension model championed by
        Firefox because it enables direct delivery of XML vocabularies without
        obscene acts.

      


      	
        We will support open-source and make it easy to use because it
        is our "big stick" we use to get what we want.

      

    


    Commercial vendors of browser technologies need to catch up or perish.
    The drag that has been created by certain browsers not implementing the
    most basic of recommendations from the W3C has caused enormous delay as
    well as economic consequences. While it is the user who suffers, they also
    often have a choice and can choose one that works.


    The ability to deliver XML content paired with applications directly
    to users has existed for quite awhile--but only in Firefox. That ability
    has been buried inside Firefox and delegated to the brave souls who want
    to dig through the source code. We need to bring that ability to the
    surface and make it easy to use.


    Having only one browser that does "cool things" is not enough. We
    need to propagate the ability to extend a web browser by extending it at
    its core. We need the ability to do serious work along side other
    components inside the browser in addition to augmenting the user interface
    to add in our "gadgets". It is really our choice to propagate a new model
    based on this knowledge and experience for the next decade.
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	1. Introduction

   	XML (Extensible Markup Language) [xml06] is a meta-language (developed by the W3C, World Wide Web Consortium in 1996), which represents semi-structured data using markups. While the use of XML facilitates the interchange and access of data, its verbose nature tends to considerably increase the size of a data file. This increase in size limits applications of XML, in particular, because of time efficiency of storage on large data files, and because of space considerations of storage on mobile devices. Besides storing (possibly compressed) XML data, one is also interested in being able to query them in order to obtain specific information; such as the information pertaining to all patients who visited the emergency room of a specific hospital in the last year.

	The reasons for querying a compressed XML file are:
	

	   	Querying a compressed XML file is generally faster than completely decompressing the compressed file and then querying it.


	   	Portable devices may not have disk space available for a complete decompression of the XML file.


		
	

	There are many known XML-aware compressors, i.e. compressors, which can take advantage of XML syntax. Some of these XML compressors are grammar-free, in other words, information available to the compressor is limited to the XML document. Other XML compressors are grammar-based, i.e. the compressor is aware of the grammar for which the input document is valid. Grammar-based compressors may produce better results - in terms of both compression rate and time - than grammar-free compressors because they can take advantage of information available in the grammar, but in many applications the grammar is not known and so this approach is not always practical. In the case of the widely used Wratislava corpus [Skibinski et al, 2007], out of seven XML documents, only two provide an XML Schema (enwikibooks and enwikinews), two reference a DTD (shakespeare and dblp), while the others use no schema. Finally, even if an XML Schema is provided, it may define elements that never actually appear in the XML document to be compressed.

	In this paper, we describe a queryable, grammar-free XML compressor, called XSAQCT (pronounced exact). Our technique borrows from other XML compressors in that it separates the document structure from the text values and attribute values (collectively called data values), which makes up the content of the document. What is new in our technique is that we first encode the document to succinctly store information about the input document. Next, we apply the appropriate back-end data compressors to the container that stores the document structure and to the containers storing the data values (the type of the data, derived from the containers, may be used to guide the choice of back-end compressors used for various containers). It is well known that, on average, the structure of the XML document represents between 10 and 20 percent of the size of the entire document, and the remaining 80 percent represents text and attribute values. Since the main focus of our work is on queryable compression, our encoding of the document structure supports lazy decompression, i.e. during the querying process of the compressed document; we decompress “as little as possible”. Well-known XML compressors differ in their use of container granularity; some compressors use a single container, while others tend to create many separate containers for related values. The former approach is based on the promise that standard data compressors achieve better results when they get large data sets, but require complete decompression in order to perform a query. On the other hand, the latter approach may suffer from poor compression ratios, but it requires the decompression of only a few (possibly just one) containers. In our approach, we attempt to strike a balance between these two extremes; using containers that will be large enough so that they can be effectively compressed, but at the same time the container structure does not require a full decompression to answer a query. In addition, while our design supports lazy decompression, it is designed to support future extensions and performs operations directly on compressed data, without any decompression. In what follows, we provide a more detailed description of XSAQCT.

   	Contributions. There are two main contributions of this paper: (1) an algorithm, which given an XML document D, produces a concise representation of D in a form of an annotated document tree, and stores data values in containers; and (2) the compressor, which compresses the annotated tree and containers, the decompressor, which restores the original document, and the query processor, which operates on a compressed document, and decompresses “as little as possible”. Since the compressor uses a single SAX pass of the input document, our technique is applicable to processing very large XML files and to streaming. In addition, we provide results of our experiments on a representative XML corpus, showing that on average XSAQCT compresses documents in this corpus to 12% of the original file size, and outperforms TREECHOP, the only other XML compressor available for testing.

	Currently, XSAQCT only supports simple queries of the form: "/a/b" or "/a/b/text()". Future work will focus on supporting core XQuery queries.

   	This paper is organized as follows: Section 2 provides related work, and Section 3 describes XSAQCT. Section 4 provides a description the implementation of XSAQCT. Section 5 gives results of testing of our compressor, while conclusions and future work are described in Section 6.





	2. Related Work

	Existing queryable XML compressors can be classified based on their approach to compression with respect to the structure of the uncompressed XML document and their method of querying the compressed document. Regarding the former, a compressor either retains the original document's structure or separates the structure and the data values; the latter indicates whether or not the queryable compressor features random or sequential queries over the document in the compressed domain.
	
	XGrind [tolani2002] is the earliest XML compressor to support querying of the compressed document and it is DTD schema aware. XGrind features a homomorphic compression scheme where data are encoded using a non-adaptive Huffman algorithm. XPRESS [min03] uses a method called reverse arithmetic encoding to represent unique label paths and a semi-adaptive encoding that provides improved homomorphic compression over XGrind plus the ability to handle some range queries in the compressed domain. 

   	TREECHOP [tre05] is another queryable XML compressor that employs a homomorphic compression scheme and implements a sequential query algorithm and lazy decompression. TREECHOP, like XPRESS, is not schema aware and implements top-down exact-match and range queries of the compressed document. TREECHOP's compression algorithm is highly efficient and the single pass scheme makes it ideal for data exchange across networks.

   	XQueC [arion07] is a recent queryable XML compressor that separates the structure from the data of the original XML document into the tree structure, separate data containers and a structure summary. XQueC attempts to group data containers to facilitate efficient querying while reducing the costs of storing compressed data and the time required to decompress the document. 

   	XSAQCT is a queryable XML schema-free compressor. The early description of our work appeared in (non-refereed) Dagstuhl Seminar Proceedings [dag08], and here it is extended by the updated versions of all algorithms and results of our experiments.

    When dealing with any kind of data compression, one compares their compressor with other compressors, using a specific set of input documents. In this paper, we follow [Skibinski et al] and for our experiments, we use the Wratislavia XML corpus [wra] from this paper.
  	
	Binary XML is similar to XML compressors; in that, it allows a more compact form of XML representation, while still retaining the advantage of interoperability of XML. Presently, there are various competing formats of Binary XML including  Efficient XML Interchange [exi08] defined by the W3C. While parsing of Binary XML may be faster than parsing regular XML, Binary XML is not particularly designed for query efficiency. Furthermore, Binary XML may be limited in the types of compression used; for example, EXI only allows DEFLATE based compression.





	3. Introduction to XSAQCT 

   	In this section we provide the basic terminology, and a general introduction to our compression technique.

	
   		3.1. Basic Terminology

   		XSAQCT can be characterized as (1) a database application, that concentrates on queryable compression with random access, and decompression speed; (2) an interactive compressor that can expect any kind of queries (rather than a batch compressor that know a priori the so-called workloads (containing queries that can be used); (3) a compressor that supports both lossless compression (the only differences between the recreated document and the input document are those permitted by the XML canonicalization process, such as the order of occurrence of attributes; see [can]), and compression, which also allows removal of spurious whitespace; and (4) uses indexing and caching. To our knowledge, currently there is no compressor available with all four attributes. 

   		Two absolute paths are called similar if they are identical, possibly with the exception of the last component, which is the data value. For example, the paths /a/b/t1 and /a/b/t2 are similar while the paths /a/b/t1 and /a/c/t1 are not.

	
	
   		3.2. Architecture of XSAQCT
   
   		The top-level description of the architecture of the XSAQCT compressor is as follows. First, the input file is compressed. Then the user can start a session, during which the compressed file is queried and/or decompressed to recreate the original file. More details of the architecture are provided in Figure 1, in which shaded boxes represent intermediate stages of the compression.

   
	    [image: The architecture of XSAQCT.]
				
				
Figure 1.The architecture of XSAQCT.


		Given a document D, we perform a single SAX traversal of D to encode it; creating an annotated tree (TA,D). At the same time, data values are written to the appropriate data containers. Note that TA,D provides a faithful but succinct representation of the structure of the input document D. Next, TA,D is compressed by first writing its annotations to one container and the skeleton tree (TD) without annotations to another container. Finally, all remaining containers are compressed, using user specified back-end compressors, and written to create the compressor’s output CD.

 	  	This approach resembles a permutation-based approach, in which a document is re-arranged to localize repetitions. However, in our work, TA,D preserves all information about the ordering of elements, and a single container stores only related data values (specifically, we use a single container to store text values for all similar paths). Each container may be compressed using different back-end compressor, depending on the type of value in the container (the encoded information about the selected back-end compressor is added to the container). In other words, our approach is in a sense a homomorphic approach, but the annotated tree never has two or more similar paths (they have been “merged” into a single path). The main back-end compressors used include GZIP [gzip], BZIP2 [bzip2] and PAQ8 [paq], but the user can add more compressors.

   		The decompressor has the following logical passes (more details of the actual implementation are provided in Section 4.2):

		
      			use the back-end decompressors to restore the contents of all containers


				re-annotation: use (retrieved from containers) annotations and the skeleton tree TD to recreate TA,D


				restoring: use TA,D to restore the decompressed file


   		

		Example 1. Consider the document D, shown as the document tree without any data values, in Figure 2. Here, there are three similar paths /a/b/c and two similar paths /a/b/e.  Note that in this example, we concentrate on handling elements and describe handing attributes and text values in Section 3.3.

 		[image: The document D.]
				
				
Figure 2.The document D.


		The annotated tree TA,D, which represents D, is shown in Figure 3. Similar paths have been merged, for this example there is only one path /a/b/c and one path /a/b/e. To support decompression, annotations have been added to the nodes of the tree TA,D.

		[image: The annotated tree TA,D.]
				
				
Figure 3.The annotated tree TA,D.


		
	 	Let’s use this example to explain the idea behind annotations. In this example, as well in most examples we investigated, the document tree is wide, while the corresponding annotated tree is much narrower (both trees always have the same height). The annotation associated with node n, which is a child of the node m, provides the information as to the number of children of m, labeled by n. Specifically, in this example, the node “b” in TA,D is annotated with [3], because there are three children labeled by “b” of the node “a” in the document D. Now, consider the node “e” in TA,D. This node is annotated with [0,0,2], because in the document D, there are no children labeled “e” for the first two occurrences of the node “b”, and there are two children labeled “e” for the third occurrence of the node “b”.


   		Now, we summarize some properties of the annotated tree TA,D for the document D. First of all, the height of D is equal to the height of TA,D.  For a node A of TA,D, consider its annotation ann(A) = [a1,…,ak] and let |ann(A)| be the number of integers in the ann(A), {A} be the sum of a1,…,ak. Then, the following properties hold:

   		3.1 In D, there are a1,…,ak occurrences of A 

   		3.2 If A has children B1,…,Bm in TA,D, then

   		
      			ann(Bj) = [bj,1,…,bj,{A}], i.e. the number of integers in the annotation of each child is equal to the sum of integers in the annotation of the parent

			

				in D, the node Aj has:
			   
   			bj,1 children labeled by B1

   			…

   			bj,{A} children labeled by B{A}

   			

   

	
   For Example 1, and the node “b” in TA,D, we have ann(b) = [3] and from 3.1, there are three occurrences of the node “b” in D. From 3.2 a), annotations of children of this node have three integers. To show an example of 3.2b), consider Figure 11 and the node ”$”, which is a child of the node “a”, and has two children; “s”, annotated by [1,2,0,1,0] and “z”, annotated by [0,1,1,0,0]. As the Figure 12 shows, there are five corresponding occurrences of the node “$” in D; with the following children:

   
   	the first occurrence of “$” has one child labeled by “s” and no children labeled by “z”



   	the second occurrence of “$” has two children labeled by “s” and one child labeled by “z”


   	the third occurrence of “$” has no children labeled by “s” and one child labeled by “z”


   	the fourth occurrence of “$” has one child labeled by “s” and no children labeled by “z”


   	the fifth occurrence of “$” has no children.


	

   		 For any element s, which may appear a various number of times as a child of the same node, in our figures, the element s will have an appended *. Element s is called dirty if it has an appended *; otherwise it is called clean. The only clean element in Figure 2 is the one labeled with “c”.  Since clean nodes always appear exactly once, they are not actually being annotated. However, for the sake of clarity in Figure 3, we showed all annotations.

  		 The next section describes handing of attributes and mixed content.

	
	
   		3.3. Attributes and Mixed Content
   
		Attributes are treated as if they were elements, i.e. their names (preceded by “@”), and annotations are recorded in TA,D. Figure 4 shows a simple document with various text nodes, including mixed content. The tree TA,D is shown in Figure 5, and text containers (the bottom of the figure). Nodes of the tree are marked with a asterisk in Figure 5, if the corresponding element has mixed content, and in such a case empty text (shown as a box containing “0”) is inserted in the text container when needed. All annotations appear in a separate container, with the pointer from each node pointing to the beginning of its annotations (the length of the annotation can be computed using the property 3.2 from Section 3.2). Note that the Figure 5 shows the logical format for the annotated tree TA,D,  more details of the actual implementation are provided in Section 4.

		
		[image: Handling mixed content.]
				
				
Figure 4.Handling mixed content.

	
		[image: Tree TA,D and text containers.]
				
				
Figure 5.Tree TA,D and text containers.


	
	
   		3.4. Querying
   
		At the time of writing this paper, our query processor was under development, and only simple queries have been implemented (specifically, we have implemented absolute paths; similarly to TREECHOP [tre05], but additionally including some predicates such as “position()=2”). A query, which ends in an element, can be immediately answered using the annotated tree, and therefore it only requires a decompression of this tree. Now, consider a query, which calls for text values for a given path. As mentioned earlier, the compressor creates a separate container storing all values for similar paths (comp. Figure 4 and Figure 5). Therefore, to answer this type of a query it is enough to decompress a single data container, and then return the text values stored in this container. Since text values are stored within a container in a dfs-order, a query that calls for a specific text value (such as the i-th value) can be answered by traversing a single decompressed container to locate the i-th value.
   		
   		Example 2. Consider the document D shown in Figure 4 and Figure 5. Now, consider the following queries:

		
				/a/b
Based on the annotated tree, the answer is {b, b, b}


				/a/b/c/text()
Based on the annotated tree, the first container is decompressed and its content {t8, t9, t13} is returned.


   				/a/b[2]/c/text()
Based on the annotated tree and the second container, the answer is {t9}.


		

   	



	4. Implementation of XSAQCT

   	In this section, we first describe building the annotated tree, and next the re-annotator and restorer used in decompression.

   	
		4.1. Building an Annotated Tree

		   We will say that a document D has a cycle if there exists a node n in D such that there are two children x and y of n, which satisfy this condition: x < y and y < x (here, “<” denotes the document order). If there are cycles, then add a “dummy tag name” to the annotated tree TA,D, here denoted by $, which will be used to avoid cycles. The annotated tree TA,D may have dummy nodes, and if so they will be removed by the decompressor to recreate the original document.

   			Cycles may occur in the following two cases: 

			
   					Node NA appears before node NB and then NA appears after NB, where NA and NB have the same parent node. For example: 

			
<parent>
	<a></a>
   	<b></b> 
   	<a></b> 
</parent>

				


					NA appears before NB and both are the children of the same Nparent1. Later NB appears before NA and both are children of a different node Nparent2 where Nparent1 and Nparent2 have the same path (i.e. they both have the same ancestor in the Skeleton Tree). For example: 

					
<super_parent> 
   	<parent> 
   		<a></a> 
   		<b></b> 
   	</parent> 
   	<parent> 
   		<b></b> 
   		<a></a> 
   	</parent> 
</super_parent>

				

			

   			During parsing, it is unclear whether the Skeleton Tree should place the corresponding element of node a before or after node b. Either choice would cause the compressed file to be incorrect, because either all a's would appear before all b's or all b's would appear before all a's. Therefore, our algorithm creates multiple graphs, which are later topologically sorted. A topological sort can also be used to detect cycles in a graph. Here, the vertices of the graph are the child elements of some parent element in TA and the edges between these child elements are created during parsing. If the topological sort reveals a cycle in this graph then this situation can be handled by adding a dummy node to the parent element.

   			Example 3. Document D (which has cycles on x and y) is shown in Figure 6.

			[image: Sample document D.]
				
				
Figure 6.Sample document D.

	
		The annotated document tree (with dummy nodes) is shown in Figure 7.

		[image: The annotated document tree.]
				
				
Figure 7.The annotated document tree.

	
		The restored document tree (with dummy nodes) is shown in Figure 8.

		[image: Restored document tree of D (with dummy nodes).]
				
				
Figure 8.Restored document tree of D (with dummy nodes).


		
		Algorithm 4.1

		Input: An XML document D.

		Output: An annotated document tree TA,D.

		To describe details of the process of building the annotated document tree, we use the following notations:

   		
     			ann($)+=1 means: if the annotation of $ ends with “,” then append “1,”; otherwise append “,”


      			ann(x)+= 1 (for another annotation) means: if this annotation ends with “,” then append “0,”; otherwise append “,”


				There is a table T, each row has 3 entries: a full path, a graph associated with this path, as in the previous description, (possibly one node of this graph is “current” – see below), and an annotation for $ (this entry may be empty)


      			“close(absolute path p)” means: for each node x in the graph associated with p perform ann(x)+=1, and also if path p has a non-empty annotation for “$” then perform ann($)+=1


      			“cycle(x)” means that we are considering the node x and adding x to the graph would create a cycle (e.g. if we have a graph: a ← b and we want to add a node a; this would create a cycle a ← b ← a)

	
		

		 Method: Elements are added to the annotated tree when they are encountered for the first time. We use a single SAX [sax] traversal of the document D and perform the following actions:

   		
      			
         		Going up from the node x to y: if x was the last (rightmost) child of y and so the next action would be going up to the parent of y, then close(x) and unset the current node in the graph

      		

      			
         		Going down to node x:

				- try to add x to the appropriate graph (see example below)

				-if a cycle would be created then close(x) (see 4), then add 1 to ann(x), and increment by 1 the annotation of $ (if such annotation does not exist or it ends with “,”, then create it and initialize to 2)

				- if no cycle would be created, then add x to the graph (a new node, or just increment the annotation of existing x), and make it current node in the graph

      		

				
				  After completion, check annotations and add leading 0’s for regular nodes and 1’s for dummies (i.e. $’s).

			

   		

		Example 4. Consider a document D shown in Figure 9. Here, we use indices for explanations, e.g. a1 is just a.

		[image: Sample document D.]
				
				
Figure 9.Sample document D.


		Table 1 shows all major steps in creating the annotated document tree for the document D from Figure 8; for each step there is a description (if required) specifying which node of the document is encountered during the SAX traversal, wherever there is a change then a path and its graph (the graph is not shown if it is empty), and the annotation of $ if it exists. The current node is shown in bold. Entries for leaves (where graphs are empty) are omitted. When appropriate, we show below the path and the graph; e.g. (/r   a[1]) indicates the graph consisting of a single node a, annotated by 1, for the path “/r”). Only the paths/graphs that have changed from the previous step are shown. Sometimes “empty graphs” are omitted. 

  		
			Table 1Trace of the execution of Algorithm 4.1.


				
				   	Step #

				   	Action

				   	Annotations

				   	$

				

			
			
			
			   	1

			   	Root r

			   	Graph /r

			   	

			

			
            	
               2

            
            	
               a1 

            
            	
               (/r, a[1])

               (/r/a, empty)

            
            	
               

            
         

         
            	
               3

            
            	
               s1

            
            	
               (/r/a, s[1])

            
            	
               

            
         

         
            	
               4

            
            	
               Go up to a1; close(/r/a), unset current 

            
            	
               (/r/a, s[1,]

            
            	
               

            
         

         
            	
               5

            
            	
               Go to b1, add a new node b to the graph for /r and an edge between b and a

            
            	
               (/r, a[1]<- b[1])

            
            	
               

            
         

         
            	
               6

            
            	
               Go to t1

            
            	
               (r/b/, t[1])

            
            	
               

            
         

         
            	
               7

            
            	
               Go to x1

            
            	
               (/r/b/t, x[1])

            
            	
               

            
         

         
            	
               8

            
            	
               Go to y1; try to add an edge between y and x (because x is current)

            
            	
               (/r/b/t, x[1]<-y[1])

            
            	
               

            
         

         
            	
               9

            
            	
               Go to x2: this would have created a cycle. Use a rule for a cycle (above)

            
            	
               (/r/b/t, x[1,1]<-y[1,])

            
            	
               $[2]

            
         

         
            	
               10

            
            	
               Go up to t1, no occurrence of y

               Close /r/b/t: not current anymore.

            
            	
               (/r/b/t, x[1,1,]<-y[1,0,])

            
            	
               $[2,]

            
         

         
            	
               11

            
            	
               Go to b1, close /r/b/

            
            	
               (/r/b, t[1,])

            
            	
               

            
         

         
            	
               12

            
            	
               a2: cycle

            
            	
               (/r, a[1,1]<-b[1,])

            
            	
               $[2]

            
         

         
            	
               13

            
            	
               s2

            
            	
               (/r/a, s[1,1])

            
            	
               

            
         

         
            	
               14

            
            	
               u1

            
            	
               (/r/a/s, u[1])

            
            	
               

            
         

         
            	
               15

            
            	
               Go up to s2: close

            
            	
               (/r/a/s, u[1,])

            
            	
               

            
         

         
            	
               16

            
            	
               s3: 

            
            	
               (/r/a, s[1,2])

            
            	
               

            
         

         
            	
               17

            
            	
               w1: the graph consists of 2 isolated

               nodes (because it had no current before)

            
            	
               (/r/a/s, u[1,] w[1])

            
            	
               

            
         

         
            	
               18

            
            	
               u2, no cycle

            
            	
               (/r/a/s, w[1]<-u[1,1])

            
            	
               

            
         

         
            	
               19

            
            	
               s3: close

            
            	
               (/r/a/s, w[1,]<-u[1,1,])

            
            	
               

            
         

         
            	
               20

            
            	
               z1

            
            	
               (/r/a, s[1,2]<-z[1])

            
            	
               

            
         

         
            	
               21

            
            	
               a2: close

            
            	
               (/r/a, s[1,2,]<-z[1,])

            
            	
               

            
         

         
            	
               22

            
            	
               a3

            
            	
               (/r, a[1,2]<-b[1,])

            
            	
               $[2]

            
         

         
            	
               23

            
            	
               z2

            
            	
               (/r/a, s[1,2,]<-z[1,1])

            
            	
               

            
         

         
            	
               24

            
            	
               s4: cycle

            
            	
               (/r/a, s[1,2,0,1]<-z[1,1,])

            
            	
               $[2]

            
         

         
            	
               25

            
            	
               Close /r/a/s

            
            	
               (/r/a/s, w[1,0,]<-u[1,1,0,])

            
            	
               

            
         

         
            	
               26

            
            	
               Up to a3; close

            
            	
               (/r/a, s[1,2,0,1,]<-z[1,1,0,])

            
            	
               $[2,]

            
         

         
            	
               27

            
            	
               b2: 

            
            	
               (/r, a[1,2]<-b[1,1])

            
            	
               $[2]

            
         

         
            	
               28

            
            	
               t2: 

            
            	
                (/r/b, t[1,1])

            
            	
               

            
         

         
            	
               29

            
            	
               Up to b2: close

            
            	
               (/r/b/t, x[1,1,0,]<-y[1,0,0,])

            
            	
               $[2,1,]

            
         

         
            	
               30

            
            	
               Up: close

            
            	
               (/r/b, t[1,1,])

            
            	
               

            
         

         
            	
               31

            
            	
               b3

            
            	
               (/r, a[1,2]<-b[1,2])

            
            	
               $[2]

            
         

         
            	
               32

            
            	
               t3

            
            	
               (/r/b/, t[1,1,1])

            
            	
               

            
         

         
            	
               33

            
            	
               y2

            
            	
               (/r/b/t, x[1,1,0,]<-y[1,0,0,1])

            
            	
               $[2,1,1]

            
         

         
            	
               34

            
            	
               Up: close

            
            	
               (/r/b/t, x[1,1,0,0,]<-y[1,0,0,1,])

            
            	
               $[2,1,1,]

            
         

         
            	
               35

            
            	
               t4

            
            	
               (/r/b, t[1,1,2])

            
            	
               

            
         

         
            	
               36

            
            	
               x3

            
            	
               (/r/b/t, x[1,1,0,0,1]<-y[1,0,0,1,])

            
            	
               $[2,1,1,]

            
         

         
            	
               37

            
            	
               y3

            
            	
               (/r/b/t, x[1,1,0,0,1]<-y[1,0,0,1,1])

            
            	
               $[2,1,1,]

            
         

         
            	
               38

            
            	
               Up to t4: close

            
            	
               (/r/b/t,x[1,1,0,0,1,]<-y[1,0,0,1,1,])

            
            	
               $[2,1,1,1,]

            
         

         
            	
               39

            
            	
               Up to b3: close

            
            	
               (/r/b, t[1,1,2,])

            
            	
               

            
         

         
            	
               40

            
            	
               a4: cycle

            
            	
               (/r, a[1,2,1]<-b[1,2,])

            
            	
               $[3]

            
         

         
            	
               41

            
            	
               Finish: close /r/a and then /r

            
            	
               (/r/a, s[1,2,0,1,0,]<-z[1,1,0,0,]) 

               (/r, a[1,2,1,]<-b[1,2,0,])

            
            	
               $[2,1,]

               $[3,]

            
         
			





		Note: we will add leading 0’s and 1’s when creating the annotated document tree in order to make sure that the number of positions in the annotations is correct. The annotated document tree created from the above table is shown in Figure 10.

		[image: The incomplete annotated document tree.]
				
				
Figure 10.The incomplete annotated document tree.


		The annotated document tree in which leading 0’s are added to node annotations and leading 1’s are added to $’s annotations is shown in Figure 11.

   	[image: The complete annotated document tree.]
				
				
Figure 11.The complete annotated document tree.


	The restored document tree obtained from the complete annotated tree, in which dummy nodes are not removed, is shown in Figure 12.

   [image: The restored document tree (dummy nodes are not removed).]
				
				
Figure 12.The restored document tree (dummy nodes are not removed).


		 It is easy to see that removing dummy nodes from the tree shown in Figure 12 will produce the original document tree shown in Figure 9.

  	

	
  	4.2 Decompression 

    The skeleton tree TD is first re-annotated to create the annotated tree TA,D, and then TA,D is used to output the restored document. Reannotator performs a dfs-traversal of TD and fetches annotations from their respective container (see Figure 4), using the property 3.2 from Section 3.2. Details of the reannotator follow.

   
   
   4.2.1 Reannotator

   Here, we use a global variable, called number, initialized to 1.

	
re-ann(SkeletonTreeNode current) 
{
	for every child c of current 
	{
		if(clean(c)) 
			annotate c with “number” of 1’s
		else 
		{ // dirty c
			fetch “number” digits from Seq and store into the sequence “els”
			annotate c with “els”
			number = sum of all digits in “els”
		}
   		re-ann(c)
   	}
 	number = sum of all digits in the annotation of n
}

  
  
   4.2.2 Restorer

   Finally, the restorer performs a dfs-traversal of TA,D to output the document D:

   
re-ann(root of SkeletonTreeNode)
output <tag of the root>
d-dfs(root of SkeletonTreeNode)
output <\end of tag for the root>

   where d-dfs() is described below using the following notations (1) ann(n) is the first digit in the annotation of the node n; (2) chop(n) results in removing the first digit in the annotation of n (always 0); (3) dec(n) decrements by one the first digit in the annotation of n (never 0); and (4) LC(n) and RS(n) denote respectively the leftmost child and right sibling of n.

   
d-dfs(SkeletonTreeNode c) 
{
	Node n
	n= LC(c)
	while(n <> 0) 
	{
 		if(ann(n)>0) 
		{
			output “<” + tag_of_n + “>”
			d-dfs(c)
		} 
		else chop(n)
		n = RS(n)
	}
	dec(c)
	output “<\” + tag_of_c + “>”
	if(ann(c)==0) chop(c)
	else {
		output “<” + tag_of_c + “>”
		d-dfs(c)
	}
}

   
   

   
   5. Results of Experiments 

   The initial implementation of our compressor was completed using Java and Xerces. The time taken to compress the XML files on the Wratislavia corpus are reported in Table 2.

     
	 	Table 2Compression time of XSAQCT


			
			   	Compression time in seconds

			

			
			   	XML File

			   	XSAQCT using GZIP

			   	TREECHOP Compression

			

		
		
                    
               	         
                  dblp

               
               	
                  39.9

               
               	
                  25.16

               
            

             
               	         
                  enwikibooks

               
               	
                  23.3

               
               	
                  25.06

               
            

             
               	         
                  enwikinews

               
               	
                  7.7

               
               	
                  7.67

               
            

             
               	         
                  lineitem

               
               	
                  4.4

               
               	
                  5.66

               
            

             
               	         
                  shakespeare

               
               	
                  3.7

               
               	
                  2.59

               
            

              
               	         
                  SwissProt

               
               	
                  29.8

               
               	
                  20.43

               
            

             
               	         
                  uwm

               
               	
                  1.3

               
               	
                  1.2

               
            

		
      


      
	  The compression rate results of our experiments are reported in Table 3. The results of our experiments on the Wratislavia corpus are reported in the following table. XSAQCT allows use of different data compressors such as two well-known fast compressors GZIP and BZIP2, and PAQ8o8 (the best compression rate and the expenses of compression time). Our results show that for this corpus (when using BZIP2 for compression) XSAQCT considerably shrinks their sizes to 12% (on average) of the original sizes.

     
	  	Table 3Size of compressed XML documents


			
			   	Compressed Size in Bytes

			

			
					XML File

					XSAQCT using GZIP

					XSAQCT using BZIP2

					XSAQCT using PAQ8o8

					TREECHOP

		 			Uncompressed Size

			
						
		

         
            	         
               dblp

            
	    	
               19,436,979

            
            	
               14,386,289

            
            	
               10,331,426

            
            	
               22,757,793

            
            	
               133,862,735

            
         

         
            	         
               enwikibooks

            
            	
               44,501,499

            
            	
               36,587,294

            
            	
               25,534,846

            
            	
               44,838,217

            
            	
               156,300,597

            
         

         
            	         
               enwikinews

            
            	
               12,595,156

            
            	
               9,599,207

            
            	
               6,634,071

            
            	
               12,681,978

            
            	
               46,418,850

            
         

         
            	         
               lineitem

            
            	
               1,436,510

            
            	
               993,735

            
            	
               848,494

            
            	
               2,327,681

            
            	
               32,295,475

            
         

         
            	         
               shakespeare

            
            	
               1,896,034

            
            	
               1,441,177

            
            	
               1,168,917

            
            	
               2,016,475

            
            	
               7,894,983

            
         

         
            	         
               SwissProt

            
            	
               7,515,915

            
           	
               5,852,123

            
            	
               4,118,792

            
            	
               12,384,686

            
            	
               114,820,211

            
         

         
            	         
               uwm

            
            	
               102,986

            
            	
               87,895

            
            	
               66,887

            
            	
               126,744

            
            	
               2,337,522

            
         

		 
   



  Table 4 shows the time taken to query various simple paths using both XSAQCT and TREECHOP. Each of the seven XML files in the corpus were queried using two different query paths and the time taken to process each query is shown in seconds. XSAQCT queried each path faster than TREECHOP and the difference in query time tended to be larger when larger XML files were queried (e.g. dblp and SwissProt). The biggest difference in times taken to query by XSAQCT and TREECHOP is seen when querying with the path '/mediawiki/siteinfo/sitename'. The element sitename only appears once in the entire document; this means that XSAQCT can easily extract the contents of sitename's container, whereas TREECHOP must find the text data of sitename by searching the entire compressed file.

 
      Table 4Query Time of XSAQCT


		
		   	Query Time in seconds

		

		
		   	File Name
        
	           	Query
        
        	           	XSAQCT
        
        	           	TREECHOP
       
        	
       
	
	        
                    
               	         
                  dblp.xml
        
                       
               	         
                  /dblp/article/cdrom
        
                       
               	         
                  10.92
        
                       
               	         
                  15.49
        
                      
            
       
                    
               	         
                  dblp.xml
        
                       
               	         
                  /dblp/mastersthesis/@key
        
                       
               	         
                  10.76
        
                       
               	         
                  15.15
        
                      
            
       
                    
               	         
                  enwikibooks-20061201-pages-articles.xml
        
                       
               	         
                  /mediawiki/page/revision/text/@xml:space
        
                       
               	         
                  2.44
        
                       
               	         
                  14.6
        
                      
            
       
                    
               	         
                  enwikibooks-20061201-pages-articles.xml
        
                       
               	         
                  /mediawiki/siteinfo/sitename
        
                       
               	         
                  0.65
        
                       
               	         
                  12.75
        
                      
            
       
                    
              	         
                  enwikinews-20061201-pages-articles.xml
        
                       
               	         
                  /mediawiki/page/revision/contributor/username
        
                       
              	         
                  1.57
        
                       
               	         
                  5.49
        
                      
            
       
                    
              	         
                  enwikinews-20061201-pages-articles.xml
        
                       
               	         
                  /mediawiki/page/title
        
                       
               	         
                  3.83
        
                       
               	         
                  5.54
        
                      
            
       
                    
              	         
                  lineitem.xml
        
                       
               	         
                  /table/T/L_COMMENT
        
                       
               	         
                  5.49
        
                       
               	         
                  6.22
        
                      
            
       
                    
               	         
                  lineitem.xml
        
                       
               	         
                  /table/T/L_ORDERKEY
        
                       
               	         
                  1.96
        
                       
               	         
                  5.06
        
                      
            
       
                    
              	         
                  shakespeare.xml
        
                       
              	         
                  /PLAYS/PLAY/TITLE
        
                       
               	         
                  0.65
        
                       
               	         
                  1.56
        
                      
            
       
                   
              	         
                  shakespeare.xml
        
                       
               	         
                  PLAYS/PLAY/ACT/SCENE/STAGEDIR
        
                       
              	         
                  1.06
        
                       
               	         
                  1.44
        
                      
            
       
                    
               	         
                  SwissProt.xml
        
               
               	         
                  /root/Entry/@id
        
                       
              	         
                  7.93
        
                       
               	         
                  17
        
                      
            
       
                    
              	         
                  SwissProt.xml
        
                   
               	                 
                  /root/Entry/Ref/Comment
        
                       
               	         
                  9.08
        
                       
               	         
                  16.63
        
                      
            
       
                   
               	         
                  uwm.xml
        
                       
               	         
                  /root/course_listing/course
        
                       
               	         
                  0.45
        
                       
              	         
                  1.11
        
                      
            
       
                   
               	         
                  uwm.xml
        
                       
               	         
                  /root/course_listing/restrictions/A/@HREF
        
                       
               	         
                  0.31
        
                       
              	         
                  0.8
        
                      
            

	
      



The time taken to decompress the compressed XML corpus files is shown in Table 5. In most cases XSAQCT decompresses faster than TREECHOP (five out of seven files) and in the remaining cases has a decompression time that is not much longer than TREECHOP's.
     
      
		 Table 5Decompression Time of XSAQCT


		
		   	Decompression Time in seconds

		

		        
       			File Name
        
	         	XSAQCT
        
                 	TREECHOP
       
        	
       
	
   		
                    
               	         
                  dblp.xml
        
                       
                	         
                  24.52
        
                       
                	         
                  26.39
        
                      
            
       
                    
               	         
                  enwikibooks-20061201-pages-articles.xml
        
                       
               	         
                  13.49
        
                       
                	         
                  20.55
        
                      
            
       
                    
               	         
                  enwikinews-20061201-pages-articles.xml
        
                       
               	         
                  4.51
        
                       
               	         
                  7.23
        
                      
            
       
                    
               	         
                  lineitem.xml
        
                       
               	         
                  3.84
        
                       
               	         
                  6.17
        
                      
            
       
                    
               	         
                  shakespeare.xml
        
                       
                	         
                  4.01
        
                       
                	         
                  2.49
        
                      
            
       
                    
               	         
                  SwissProt.xml
        
                       
               	         
                  24.04
        
                       
                	         
                  27.44
        
                      
            
       
                    
               	         
                  uwm.xml
        
                       
               	         
                  1.78
        
                       
               	         
                  1.51
        
                      
            

		
	




   Other results on the Wratislavia corpus are shown in Table 6. This includes the number of total nodes in the skeleton tree, the number of dummy nodes, the size of the skeleton tree uncompressed and the size compressed.

    
      Table 6Compressed XML document Skeleton Tree information.


			
		 		

		        	uwm

               			shakespeare
 
               			lineitem
 
              	 		swissprot
 
               			enwikinews
  
               			enwikibooks
 
               			dblp

			
								
		

		
	
            	
               Nodes in ST

            
             	         
               43

            
             	         
               155

            
             	         
               37

            
             	         
               394

            
             	         
               50

            
            	         
               50

            
             	         
               313

            
         

         
            	
               Number of dummy nodes

            
             	         
               0

            
             	         
               9

            
            	         
               0

            
             	         
               2

            
             	         
               0

            
             	         
               0

            
             	         
               10

            
         

         
            	
               ST size uncompressed

            
             	         
               384

            
             	         
               1051

            
             	         
               383

            
             	         
               3495

            
             	         
               467

            
             	         
               467

            
             	         
               2248

            
         

         
            	
               ST size compressed

            
             	         
               211

            
             	         
               309

            
             	         
               200

            
             	         
               779

            
             	         
               251

            
             	         
               251

            
             	         
               570

            
         

   



   
   
   6. Conclusion and Future Work

   In this paper, we described our current work on a queryable XML compressor, which uses lazy decompression. While this work is in its early stage, the design of this compressor and the results of our experiments indicate that it successfully competes with other known queryable XML compressors. Our future work includes (1) improving the compression time by rewriting the code using C++ rather than Java; (2) building a complete query processor.
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      Abstract
In order to continue to fulfill its mission in the information technology age, the
        National Archives and Records Administration (NARA) has made the decision to develop the
        Electronic Records Archives (ERA) system. One of the goals is to provide to the archivists a
        modernized system with automatic workflow that can streamline the digital archive business
        process.

      For an archival system, Ingest is one of the core components. As part of the ingest
        process, this component would allow the record Producer to negotiate submission agreement
        before transferring digital materials into the system. Within the framework of a
        service-oriented architecture with business process management, the ERA system uses XML to
        represent business objects and metadata. In this paper, we will show how the synergetic
        combination of XForms and Genericode makes the system agile and responsive to business user
        requirements. Furthermore, the approach fits well with ERA's design principle to use
        international and industry standards, and facilitates the integration of XML business
        objects and the electronic records metadata. We believe that the standard-based approach of
        XForms+Genericode exposed in this paper can be generalized to develop any e-Forms system
        with a set of control values and vocabularies. 

    
    
      Copyright © 2009 by the authors. Used with permission.

    
  
  
    
      Introduction
    

    In response to the growing usage of information technology for conducting business by
      federal agencies, NARA has made the decision to build the ERA system. Its main goal is "to
      preserve electronic records independent of the hardware and software that created them" r1. For the ERA system to store, preserve, and provide access to electronic
      records, it has to cope with the following challenges

    
      	
        Scope. As for the mandate, records will come from the entire federal
          government.

      

      	
        Variety. Since the federal government deals with
          different application domains, from health care, education, defense, space exploration,
          energy, environmental protection, etc., records will contain various types of knowledge.
          Moreover, their manifestation and representation may have different formats such as
          Microsoft Office documents, relational database files, or GIS artifacts. 

      

      	
        Obsolescence. Added to the variety of domain and
          format above is the constantly changing technology and application software that were used
          to create the records. By the time they are ingested into ERA, these applications will be
          most likely obsolete or belong to old versions of the software.

      

      	
        Volume. It is estimated that the total volume of
          incoming records will be enormous, and will continue to grow over the years. Petabyte and
          exabyte range of data is not unimaginable.

      

    

    In the face of these functional challenges, the ERA architecture will be designed in such
      a way to satisfy the following system qualities:

    
      	
        Extensibility. New record types, data types, and
          services could be added to the system without extensive redesign.

      

      	
        Evolvability. New technologies in software and
          hardware could be inserted using standards APIs and interfaces.

      

      	
        Scalability. The system must have the ability to
          adapt to the growth of record volume and user community.

      

    

    Besides these qualities, the ERA system and its components have to be user-friendly,
      secure, and highly available to protect the assets and serve the public. 

    This paper is organized as follows. In section 2, we will give an overview of the
      authority lists and the business objects that are used to manage and govern the archival
      system. Sections 3 and 4 discuss the benefits of XForms and Genericode in general as well as
      they are applied to ERA. Then, we describe our approach of combining XForms and Genericode, that fits into our
      overall system architecture. Implementation process with concrete examples is also reported.
      In section 6, we show how business objects contribute to the Archival Management Taxonomy that
      can help governing the content. We summarize our design approach in the conclusion. 

  
  
    Archival Business Objects Management

    
      Archival Business Objects

      Before the transfer of any set of records, the Producer (usually a government agency)
        has to submit two business documents, namely Record Schedule and Transfer Request to NARA.
        The Record Schedule contains instructions the general disposition and maintenance of various
        types of records, such as permanent versus temporary records, and the retention period. Over
        the lifecycle of the Record Schedules, Transfer Requests will be created for every physical
        transfer to specify:

      
        	
          Transfer mode with detailed information

        

        	
          Access restrictions.

        

      

      Transfer mode can be electronic wiring or via physical media such as audio cassette,
        microfilm, CD, DVD, video cassette, parchment, or photographic print. Each business object
        goes through multiple business processes and negotiation of disposition between NARA and the
        producer before records are transferred from the contributing entity to NARA. Access
        restrictions may be applied to records that contain privacy data.

      Within the ERA system, Record Schedule, Transfer Request and other archival business
        objects (ABO) are implemented as e-Forms. Currently, ERA e-forms are encoded using JSP (Java
        Server Pages) pages One main advantage of e-Forms over traditional paper documents is that
        e-Forms facilitate deterministic processing by the system thanks to:

      
        	
          Elimination of free text form.

        

        	
          Structured fields that conform to a pre-defined data model.

        

        	
          System validation of input data. Such validation can be performed based on the data
            model with respect to data type specification, or required/optional
            characteristics.

        

        	
          Elaborate validation based on embedded business rules during creating/editing
            business objects. For instance, fields may be dependent on each other, and only values
            from authority lists are allowed.

        

      

      The ERA users manage these ABOs via the Archival Business Object Management Application
        defined by:

      
        	
          Functional requirements for CRUD (create, update and delete) operations on
            ABOs.

        

        	
          Non-functional requirements of flexibility, extensibility, user-friendliness, open
            standards, performance and security.

        

      

      With respect fo flexibility and extensibility, the design should allow adding or
        modifying a field to an ABO form to be done at low development cost. Moreover, changes to
        business rules that govern the forms or the fields within a form should be easily
        accomodated without requiring a lot of coding effort.

    
    
      Authority Lists

      Authority Lists, also known as code lists consist of values used to establish normalized
        values for certain key fields in a business object. The goal of Authority Lists is to
        institute a controlled vocabulary to be used in e-Forms and archival descriptions which is
        part of the NARA metadata. Examples of authority lists are:

      50 states with 2-letter abbreviations.

      
        Table 1
          
            	
              CA

            
            	
               California 

            
          

          
            	
              MD

            
            	
               Maryland 

            
          

          
            	
              VA

            
            	
               Virginia 

            
          

          
            	
              ...

            
            	
              ...

            
          

        
      



      Federal agency names. 

      
        Table 2
          
            	
               NARA 

            
            	
              National Archives and Records Administration

            
          

          
            	
              USPTO

            
            	
               United States Patent and Trademark Office

            
          

          
            	
              NOAA

            
            	
              National Oceanic and Atmospheric Administration

            
          

          
            	
              ...

            
            	
              ...

            
          

        
      



      On the access side, Authority Lists play an important role in building queries from
        various forms of search terms. For instance, with the use of Authority Lists, searching for
          NARA is the same as National
          Archives and Records Administration. Due to its importance and sometimes
        fluidity of the data, the ERA system is required to allow privileged business users the
        ability to manage the Authority Lists. Any update to the Authority Lists should take effect
        immediately and be made available to future creation and updates of business objects and
        forms. 

    
    
      Functional Requirements

      Notably, the design for the application should exhibit low cost for development and
        maintenance. Moreover, since ERA is an Service Oriented Architecture (SOA) system with
        Business Process Management (BPM) and Enterprise Service Bus (ESB), such design should show
        an ease of integration with the workflow. The functional requirements for ABO can be
        summarized as follows:

      
        	
          Presentation. ABO should be viewed and browsed via W3C standard browsers. Moreover,
            the system should provide a friendly format rendering and printing capability of ABOs.
          

        

        	
          Management. CRUDVS (Create, Retrieve, Update, Delete, Versioning, Search) operations
            will be supported. The creation of ABOs can also be based on predefined and
            pre-configured templates.

        

        	
          Workflow. According to the requirements, "The system shall provide the capability to
            integrate forms into workflows" r18. The system will implement a
            workflow for ABOs, which consists of a simple Draft-View-Approve cycle. In terms of
            governance, the ABOs will play an essential role in managing the lifecycle of electronic
            records to be ingested into the system. Therefore, the management of ABOs should be
            integrated with BPM and BPEL-based system orchestrations r9. 

        

        	
          XML Format. In order to persist the ABOs for a long term and in a fashion that is
            independent of specific software and hardware environment, the ABOs will be stored as
            XML documents. 

        

      

      The following diagram depicts the components and services of the ABO Application from
        the SOA layer pattern perspective. The applications for Business Object Management, Business
        Object Review, and Business Object Approval can be linked together by a Business Process,
        which can be expressed in (Business Process Management Notation (BPMN) r10
        and executed by a BPM engine.

      [image: Archival Business Object Management]
          
        
Figure 1.Archival Business Object Management


    
  
  
    XForms

    
      Overview

      XForms r2 is a W3C specification for implementing an XML-based Web
        forms. In some sense, XForms can be viewed as a next-generation of HTML Forms. While HTML
        Forms is a mix of markup for presentation and form data. XForms takes the approach of
        separating data from presentation. Data in XForms can conform to an XML schema which makes
        data validation against the schema pretty straightforward. For Ajax server-side XForms r4, real-time validation would provide immediate feedback in case of error in
        user input. Therefore, the user doesn't have to finish a lengthy form to know that an error
        has occurred. Note that in the case of an ABO, a form may span more than one scrolled page.
        Unlike the HTML form, the output of an XForms is an XML instance ready to be stored in an
        XML-aware repository. On the other hand, XForms has constructs to control user input events;
        but, these controls are not dependent on the particular presentation modality. Therefore, it
        is possible to create a form that will take input from various input devices, such as
        keyboard and voice. In the paper Multimodal Interaction with
          XForms
        r6, Mikko Honkala et al. proposed XForms
        Multi-modality (XFormsMM) to facilitate concurrent support of multiple modalities using
        XForms. The XFormsMM architecture comprises of the following components:

      
        	
          Separate abstract user interface (UI) controls from modality specific elements such
            as style sheets

        

        	
          Interaction manager to switch and coordinate different modalities

        

        	
          Set of modality renderers for CSS style sheets

        

      

      The application of the multi-modality is to enable a web form to support various UI
        devices such as desktop, wireless handset, IVR applications, etc. In the case of our
        application, this interesting feature might be exploited to develop user interface providing
        access to all users, impaired and non-impaired.

    
    
      Advantages

      The advantages of XForms have been identified in the literature and past conferences
          r4
        r5:

      
        	
          Data integrity. Since XForms is associated with an
            XML schema, data integrity is preserved due to the compliance of the forms with data
            constraints specified by the schema.

        

        	
          Data exchange. The output of an XForms is an XML
            document itself, which can readily carry data between SOA components and services. In
            the case of WSDL (Web Services Description Language), the data will be embedded in SOAP
            messages. If RESTful Web services are used, then the URL will contain the reference to
            the XML instance.

        

        	
          Performance. Response time and user experience are
            greatly enhanced as latency is reduced thanks to Ajax-based implementations.

        

        	
          Consistency. XForms specifies a construct to handle
            XML errors, thus facilitates uniform and consistent error handling and error
            messages.

        

        	
          Modularity and reuse. An XForms document can be
            composed of sections. Consequently, parallel development can be planned and organized.
            Building up a library of reusable XForms sections will therefore be possible. For
            example, in the case of ABO, we have a section for Personal Contact, and another one for
            Organization Information. Moreover, XForms constructs to control user input events will
            definitely save development time and cost.

        

        	
          Low-cost system requirement. Server-side XForms
            processing does not impose any requirements on end-user browsers. Note that ABO Forms
            are to be used by NARA archivists and agencies' record managers, and we don't want to
            levy any configuration requirements for using the application.

        

        	
          Standard support. Being based on XML itself, XForms
            can be easily integrated with other XML-related open standards such as XML Schema, XSLT,
            XSL-FO, XHTML, XPath, and XQuery. 

        

      

    
  
  
    Genericode

    
      Overview

      Genericode r3 defines a standardized model to manage code lists using
        a defined XML schema. Essentially, the idea is for a code to have a code key, and multiple
        code values. Every XML project has controlled lists that need to be supported in the XML
        application. There are two schools of thought for controlling code lists. The Universal
        Business Language (UBL) r19 is an OASIS-Open standards effort to describe
        business documents, e.g. invoice, purchase orders, etc. in XML. In version 1.0 of the
        standard, all the code lists for codes such as country codes, currency codes, etc. were
        embedded in the XML schemas. As individual countries started adopting UBL, it became
        apparent that placing large code sets in the schemas was a problematic approach. Some of the
        codes change rapidly and during implementation this required modification of the "standard"
        schemas which theoretically meant they were no longer UBL compliant. The definition of the
        codes were in the documentation portion of schema and not readily available to the
        application. Modifying schema to support changing codes became a configuration problem. 

      Members of the UBL technical committee developed the Genericode concept and it was
        adopted by UBL and other organizations. Genericode has now its own OASIS-Open technical
          committeer20 , and is currently at version 1.0.

    
    
      Why is Genericode Valuable to NARA Enterprise

      Besides the codes that are located in the business objects and metadata descriptions of
        records, NARA receives records from agencies in the U.S. Federal government, as well as some
        private collections. Every record set has its own set of codes. The codes themselves can
        have the same meaning but different codes across multiple records. For example, if we look
        at the records of ship manifests from the Irish Potato Famine, a code as simple as the age
        of the person can have several codes representing the age and/or event depending on
        individual ship manifests. 

      The logical expectation is that a person"s age is pretty straightforward. However
        looking at the table below, which contains actual values of codes from the passenger list
        maintained by NARA r21 it is readily apparent and a person"s age in a
        record isn't as cut and dry as some would expect. For example you wouldn't expect to see a
        value of 900 to represent a person's age.

      
        Table 3Typical Codelist Representation in NARA Records


          
            	
              
                Code
              

            
            	
              
                Meaning
              

            
          

          
            	
              900 

            
            	
              Born at Sea 

            
          

          
            	
              901 

            
            	
              Infant in months: 01 

            
          

          
            	
              909 

            
            	
              Infant in months: 09 

            
          

          
            	
              800 

            
            	
               Unknown 

            
          

          
            	
              1 

            
            	
              age 01 

            
          

          
            	
              001 

            
            	
              age 01 

            
          

          
            	
              2 

            
            	
              age 02 

            
          

          
            	
              002 

            
            	
              age02

            
          

          
            	
              003 

            
            	
              age 03 

            
          

          
            	
              3 

            
            	
              age 03 

            
          

          
            	
              03 

            
            	
              age 03

            
          

        
      



      The table below shows a representation of how the Genericode is organized. The advantage
        of the Genericode approach is that multiple codes can represent a single concept.

      
        Table 4Genericode Table Representation


          
            	
              
                Meaning
              

            
            	
              
                Ship1
              

            
            	
              
                Ship2
              

            
            	
              
                Ship3
              

            
          

          
            	
              Born at Sea 

            
            	
              900

            
            	
              888

            
            	
              766

            
          

          
            	
              Infant in months: 01 

            
            	
              901

            
            	
              .1

            
            	
              500

            
          

          
            	
              Infant in months: 09 

            
            	
              909

            
            	
              909

            
            	
              909

            
          

          
            	
               Unknown 

            
            	
              800

            
            	
              800

            
            	
              800

            
          

          
            	
              age 01 

            
            	
              1

            
            	
              001

            
            	
              1

            
          

          
            	
              age 02 

            
            	
              2

            
            	
              002

            
            	
              002

            
          

          
            	
              age 03 

            
            	
              3

            
            	
              003

            
            	
              3

            
          

        
      



      The Genericode standard has 3 major sections:

      
        	
          Identification: Identification and location information
            (metadata).

        

        	
          ColumnSet: Description for each column in the Genericode
            list.

        

        	
          SimpleCodeList: The container for the actual code list.

        

      

      If we look at the table Table 4 above, the Genericode representation
        would be:

      
<CodeList xmlns="http://docs.oasis-open.org/codelist/ns/genericode/1.0/"
    xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance">
    <Identification>
        <ShortName xml:lang="en">Age Code List</ShortName>
        <LongName xml:lang="en">Age Code List Irish Famine, period 1/12/1846 - 12/31/1851</LongName>
        <Version>0.3</Version>
        <CanonicalUri/>
        <Agency>
            <LongName xml:lang="en">
                United States National Archives Records Administration
            </LongName>
            <Identifier>1</Identifier>
        </Agency>
    </Identification>
    <ColumnSet>
        <Column Id="Description" Use="Required">
            <ShortName>Description</ShortName>
            <Data Type="xsd:string" xml:lang="en"/>
        </Column>
        <Column Id="Ship1" Use="Optional">
            <ShortName>Ship 1</ShortName>
            <Data Type="xsd:string" xml:lang="en"/>
        </Column>
        <Column Id="Ship2" Use="Optional">
            <ShortName>Ship 2</ShortName>
            <Data Type="xsd:string" xml:lang="en"/>
        </Column>
        <Column Id="Ship3" Use="Optional">
            <ShortName>Ship 3</ShortName>
            <Data Type="xsd:string" xml:lang="en"/>
        </Column>
    </ColumnSet>
    <SimpleCodeList>
        . . .
        <Row>
            <Value ColumnRef="Description">
                <SimpleValue>age 03</SimpleValue>
            </Value>
            <Value ColumnRef="Ship1">
                <SimpleValue>3</SimpleValue>
            </Value>
            <Value ColumnRef="Ship2">
                <SimpleValue>003</SimpleValue>
            </Value>
            <Value ColumnRef="Ship1">
                <SimpleValue>3</SimpleValue>
            </Value>
        </Row>
        . . .
    </SimpleCodeList>
</CodeList>

    
    
      Advantages

      As stated above, enumerated data can be problematic in XML documents. One approach is to
        have allowed values for a data element be enumerated in an XML schema, so that associated
        XML documents and their enumerated values can easily be validated by a standard XML parser.
        However, if there is a need to add, remove, or change values to the enumeration lists, then
        the schema has to be modified. In r12, the author proposed different
        solutions to extend the enumeration lists in an XML schema, by using XML mechanisms such as
        <xsd:union>, <xsd:pattern>, or <xsd:annotation>.
        The author argued that some of these solutions are advantageous because they require only
        one pass validation, thus avoiding performance penalty.

      On the contrary, Genericode offers an approach that allows the management of the
        enumerations to be independent from the XML schema. Although this would imply a separate
        validation for the code list values, it does have some advantages r13:

      
        	
          Genericode is a flexible scheme to manage the code lists for applications where
            business logic parsing performance is not a critical requirement. This is the case for
            the ABO Management application.

        

        	
          If a change is confined to the display value of a code, then any application data
            using the code key will not be affected.

        

        	
          Adding or removing a code from a list can be done directly in the XML code list. All
            forms using that code list will be changed simultaneously without requiring any
            programming, as in the case of using JSP and enumeration in the schema. In our system,
            we can build a simple application to allow NARA policy makers to manage the code lists
            that govern the critical values in the forms for ABOs.

        

      

      Another key advantage for NARA to maintain all their code lists in a "generic" common
        format is the ability to create a standard NARA-wide authoring environment for developing
        and maintaining code lists across the enterprise. NARA can ultimately have thousands of code
        lists when preserving and describing electronic records for the entire federal
        government.

    
  
  
    XForms and Genericode Together

    
      Advantages

      By combining XForms and Genericode, our approach can benefit the advantages of both
        XForms and Genericode. Indeed, the introduction of Genericode into XForms provides a
        separation of concerns in the software and data development:

      
        	
          Evolvability. From the data management perspective, the XML
            schemas associated to the ABOs and the controlled enumerations can evolve independently
            of each other. Thus, their maintenance will be more efficient. In business practice, the
            code lists would experience more changes than the schema. Moreover, with respect to
            software maintenance, it would not be desirable to change too frequently XML
            schemas.

        

        	
          Modularity. From the software engineering
            perspective, we can easily design and develop two separate modules: one to process the
            XForms, and the other to manage the code lists. Due to the separation of data, changes
            to the code lists would not affect the XForms processing module.

        

        	
          Separation of Control. The modularity of software
            fits the business organization of NARA, where the group responsible to control the code
            lists is different from the one managing the ABOs. Access to each of these modules can
            be implemented using RBAC (Role-based Access). Note that the potential users of the ABOs
            include NARA archivists as well as record managers from all federal agencies.

        

      

    
    
      Development Process

      The development process for XForms-based approach consists of the following
        steps:

      
        	
          Develop XForms model based on XML Schema, which conforms to and ERA conceptual data
            model.

        

        	
          Develop XForms input control for the data elements in the XForms model.

        

        	
          Develop XForms data validation rules based on the business rules provided by the
            record managers and processors. The implementation makes use of XForms binds derived
            from the XML schema constraints.

        

        	
          Develop error handling, and error message in order to provide consistency, hence
            user-friendly and ease of maintenance.

        

        	
          Develop CSS (Cascading Style Sheets) for each form. This phase would involve
            interactions with end-users in order to get their feedback and suggestions.

        

        	
          Define SOAP messages used in Web Services that implement business workflow to
            process XForms instance upon XForms submission.

        

      

    
    
      Implementation

      Our implementation of XForms/Genericode uses the Apache Tomcat application server as the
        infrastructure. The Orbeon XForms Server is used as a platform for managing the forms. We
        chose Orbeon over other XForms applications for the following reasons:

      
        	
          A large user base

        

        	
          Capability for support in the future

        

        	
          Well deployed

        

        	
          Ability to easily integrate with XML repository 

        

        	
          XInclude support

        

      

      We chose to use a standard XML database as the repository for storing XML components.
        Initially we used eXist Open Source repository then moved to MarkLogic (commercial software)
        for the prototype that integrates XForms and BPM XForms and Business Process Management (BPM):

      
        	
          Reusable XForm components

        

        	
          Genericode code lists

        

        	
          Converted code lists used for consumption in the form

        

        	
          XML business objects saved from form

        

      

      The figure below shows the interaction of the forms to the Genericode. 

      [image: XForms+Genericode Architecture]
          
        
Figure 2.XForms+Genericode Architecture


      Maintaining the code list external to the form provides the ability for the use of the
        same code list in multiple forms or multiple applications. When a code list is updated, all
        the forms that consume the code list will be automatically updated without any recompilation
        of code. 

    
    
      Populating Fields from Code List Lookups

      Certain fields can be automatically populated based on the selection of a single code.
        There are several places when this becomes important for NARA. A good example is the
          "Record Group ". NARA classifies all records by a number
        which represents a title of the record group. A record group number can represent an agency
        or a collection records. For example the record group 21 represents"
          Records of District Courts of the United States ". Once a record group is
        assigned it never changes. Every federal agency is associated with one or more record groups
        (usually just one). 

      In an ABO form, the user selecting his/her agency will only be presented with the record
        group(s) associated with his/her agency. Once they select the record group, the record group
        title is automatically populated in the XML. Below is the XForms code which provides this
        functionality:

      
    <xforms:variable
      name="AgencyName"
      select="../era:OrganizationInformation/era:AgencyInformation/era:AgencyName"/>
    <xforms:select1
      ref="instance('TransferRequest-instance')//era:RecordGroupNumber"
      appearance="full">
        <xforms:itemset
          nodeset="instance('AgencyRecordGroup-instance')/Row[AgencyName
          = $AgencyName]/RecordGroup">
            <xforms:label ref="."/>
            <xforms:value ref="."/>
        </xforms:itemset>
    </xforms:select1>
</xforms:group>

      The example above shows that the pull-down list is being populated from the AgencyRecordGroup-instance XML codelist. This codelist is set in
        the XForms model section using the <xforms:instance> element shown
        below.

      
<xforms:instance
  id="AgencyRecordGroup-instance"
  src="http://localhost:8080/exist/rest/db/home/era/CodeLists/Agency-RecordGroup-Form.xml"/>


      The codelist is being pulled from an eXist XML repository. An major advantage to having
        the codelist maintained in a external XML file is that if an agency name changes (and they
        do quite often), the form does not require modification. Once the code list is updated, all
        forms using the code list are automatically updated. The record title gets populated by
        using an XForms <xforms:bind> function using an XPath statement. The attribute
          calculate attribute is used to set the value. 

      
<xforms:bind
  nodeset="instance('TransferRequest-instance')/era:IdentificationInformation/era:RecordGroupTitle"
  calculate="instance('RecordGroupTitle-instance')/RecordGroupInfo[RecordGroupNumber
  = $RecordGroupNumber]/RecordGroupTitle"/>

      The XPath statment in the calculate statement above
        basically says get the value of the record group title from the code list instance called
        "RecordGroupTitle-instance" where the <RecordGroupNumber> in the list matches
        the "RecordGroupNumber" variable. The $RecordGroupNumber has been set previously in the
        form.

    
    
      Business Rules

      The ABO forms must follow business rules that dictate the dependencies between the
        fields within a form, and also between the fields in one ABO to another. For example, if the
        "Required" indicator of a group of fields is checked, then valid values must be supplied to
        all fields within that group.

      Some of the rules for the interaction of code lists in forms can be quite complex. The
        use of XForms and XML code lists allow the ability to define these rules using XPath
        statements.

      Figure 3 show a pull-down selection bar for access restrictions. The form components
        change based on the selection in he pull-down list. The values of the pull-down list are
        populated by a code list for access restrictions. There are business rules associated with
        what information needs to be completed based on the value of the access restriction. For
        instance, if the user selects " Presidential Records Act (p)(3)
          Statute " the user must select a statutory citation. (See Figure 4)

      [image: Example Pull-down List]
          
        
Figure 3.Example Pull-down List


      [image: Statutory Citation pops up.]
          
        
Figure 4.Statutory Citation pops up.


      The XForms construct that controls whether the field is displayed based on the selection
        is below:

      
<xforms:group ref="era:AccessRestriction[contains(., 'FOIA(b)(3) Statute')] |
era:AccessRestriction[contains(., 'Presidential Records Act (p)(1)
  ')]">
. . .
</xforms:group>

      The XPath above states that if the access restriction contains "FOIA (b)(3) Statute" or
        "'Presidential Records Act (p)(1)" then display the field.

      Figure 5 shows the user selecting "PRMPA- Personal Privacy (D)".
        You will notice that in Figure 6, nothing is provided the user.

      [image: PRMPA - Personal Privacy (D) Selection]
          
        
Figure 5.PRMPA - Personal Privacy (D) Selection


      [image: PRMPA- Personal Privacy (D) Selection Result Screen]
          
        
Figure 6.PRMPA- Personal Privacy (D) Selection Result Screen


    
  
  
    Content Governance

    As mentioned earlier, the ABOs serve to administer the transfer of archival records into
      the open archival system. Therefore, the ABOs will provide provenance and management metadata
      to the digital objects ingested and stored in the system according the Archival Information
      System (OAIS) information reference model r14. In ERA, the metadata of a
      digital object is embodied in an Asset Catalog Entry (ACE).

    
      Asset Catalog Entry

      An ACE is represented by an XML document that conforms to a well-defined XML schema. At
        the high level, the structure of an ACE is compliant with the various kinds of metadata as
        described in the OAIS information reference model r14. The following
        aspects have been considered in the design of the ACE structure:

      
        	
          Information type. From the OAIS model, an ACE should contain
            information about its associated digital object in terms:

        

        	
          Reference for uniquely identifying the digital object. Usually,
            this identifier is location and protocol independent.

        

        	
          Provenance for preserving the history and chain of custody of
            the object.

        

        	
          Context for recording the circumstances of the object's
            creation.

        

        	
          Fixity for storing authenticity mechanisms of records such as
            digital signature, and checksum.

        

        	
          Descriptive used for object search and discovery.

        

        	
          Standard integration. Given the diversity of data, business and
            knowledge domains as well as types, one standard alone cannot cover all the information
            types of an ACE. Therefore, the structure of an ACE should facilitate the integration of
            different XML standards. For instance, the ACE's schema should incorporate PREMIS
            (Preservation Metatdata Maintenance Activity) standard r16 for
            preservation metadata. If the digital object is a still image, then MIX standard r17 will be included to describe the technical metadata of the image
            object. NARA has its standard called Lifecycle Data Requirements Guide r15 that archivists have used to convey descriptive information of an
            object. 

        

        	
          Metadata aggregation. The processing of an archived digital
            object can be performed by different archivist groups using varied archival processing
            systems and technologies. Associated metadata will be collected at each stage, and
            finally accumulated in the ACE stored into the ERA system. Within this environment, the
            ACE structure should be designed in such a way to facilitate easy and efficient import
            of metadata generated by the processing applications. In order to achieve this, the ACE
            can be divided into slots. Each slot is reserved for an archival processing system, and
            will have disjoint data elements to avoid duplication and complex crosswalk.

        

        	
          Technical aspect. One last challenging aspect to consider is
            that some metadata is unchanged since the time of ingest into ERA such as file type and
            size. Other metadata of the same object will certainly undergo changes such as
            description, and access rights. Therefore, two types of data management systems have to
            be combined to accommodate these two modes of metadata, mutable vs. immutable parts.
          

        

      

    
    
      Archival Management Taxonomy

      The design of ACE structure should allow the classification of digital objects in ERA
        according to different taxonomies. Archival Management Taxonomy is a special taxonomy that
        is mostly used by archivists, or record managers from federal agencies. A public user would
        be most likely interested in other taxonomies associated with the domain of the content of
        the data. In order to support the Archival Management Taxonomy, an ACE must include
        information extracted from the ABOs (Record Schedule and Transfer Request) that were created
        before the digital object represented by this ACE got ingested. With this organization, we
        can develop an application that allows business users to browse all digital objects grouped
        under a set of related ABOs. 

    
  
  
    XForms and Business Process Management (BPM)

    Recently the NARA ERA Systems Engineering Division developed a prototype to determine the
      feasability and challenges of interjecting new technologies based on standards into the
      current system. The ERA system requires that workflow processing be flexible and incorporated
      into the system in a timely fashion by avoiding hard-wired and high maintenance cost business
      orchestrations. The goals of the prototype were:

    
      	
        Find the best of breed BPM tool that supports modeling human interactions with the
          business process compliant with BPMN (Business Process Modeling Notation) standard.
        

      

      	
        The BPM workflow should integrate seamlessly with our Forms Management (XForms)
          solution. 

      

      	
        Find the best of breed system orchestration tool compliant with BPEL (Business Process
          Execution Language) r22. BPEL orchestrations run on ESB should be able
          to integrate seamlessly with the BPM workflow above. 

      

    

    One of the challenges was the current lack of support for XForms solution among BPM
      vendors. All BPM vendors have their own forms management system internal to their software.
      Since the business objects (forms) are an integral part of the ABO Application capability, it
      would be desirable to have a plug and play architecture. It would be difficult to replace BPM
      software with another BPM if the forms were tied up in a proprietary format. Therefore, we
      only consider products that support the abstraction of the form from the application layer.
      The XForms/BPM prototype simulated business process capability of XForms interacting with
      various BPM candidate software packages using a web service call to the BPM. The same web
      service was used to interact with these packages for testing and evaluation. In the current
      system, LDAP was used to authenticate the user and their roles in the portal. 

    The graphic below demonstrates the flow and interaction of the various components. 
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Figure 7.
    For illustration, we are showing in the following diagram a BPMN Workflow for the creation
      of a Transfer Request (TR). A TR is normally required every time a Producer wants to transfer
      electronic materials to the system. This business object must be created and approved before
      any actual transfer can occur. It should be noted that the workflow integrates different key
      technologies presented in this paper: XForms, Genericode, BPM, BPEL, and XML database. Thanks
      to the component and service architecture as exhibited in the diagram, the design is very
      flexible and offers low cost maintenance, should we need to modify the workflow. Moreover, the
      actual implementation and evolutio of components and services involved in the workflow should
      not affect each other as long as the interface is maintained.
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Figure 8.BPMN Worlkflow for a Transfer Request Business Object


  
  
    Conclusion

    In this paper, we have described an agile approach which is integrated into our XML-based
      stack from presentation, business logic, to persistence store for managing Archival Business
      Objects.

    [image: XML-based Stack for ABO Management.]
        
      
Figure 9.XML-based Stack for ABO Management.


    Our approach leverages the synergy of various XML standards and technologies at multiple
      layers of the software architecture:

    
      	
        Presentation layer with XHTML, XSL-FO

      

      	
        Form layer with XForms

      

      	
        Data layer with XSD and Genericode

      

      	
        Persistence storage layer with XML database.

      

    

    We have shown that the combined application of XForms+Genericode provides such a
      flexibility that the software process can easily adapt to changing and evolving business
      requirements at NARA. Although the paper was based on our experience in developing ERA, we
      believe that the scheme described herein can be generalized to other applications that need a
      flexible management of business objects via web forms with code lists. Furthermore, the
      integration with BPM and BPEL greatly enhance the flexibility of the whole design.


  
  
    Acronyms

    
      Table 5
        
          	
            
              ABO
            

          
          	
            Archival Business Objects

          
        

        
          	
            ACE
          
          	Asset Catalog Entry
        

        
          	
            BPEL
          
          	Business Process Execution Language
        

        
          	
            BPM
          
          	Business Process Management
        

        
          	
            BPMN
          
          	Business Process Management Notation
        

        
          	
            CRUD
          
          	Create, Retrieve, Update, Delete
        

        
          	
            CRUDVS
          
          	Create, Retrieve, Update, Delete, Versioning, Search
        

        
          	
            ESB
          
          	Enterprise Service Bus
        

        
          	
            ERA
          
          	 Electronic Records Archive 
        

        
          	
            IVR
          
          	Interactive Voice Response
        

        
          	
            PREMIS 
          
          	PREservation Metadata: Implementation Strategies
        

        
          	
            SOA
          
          	Service Oriented Architecture
        

        
          	
            SOAP
          
          	Simple Object Access Protocol
        

        
          	
            UI
          
          	User Interface
        

        
          	
            WSDL
          
          	Web Services Description Language
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         Abstract
Modeling is a pivotal activity in the engineering of software systems; it is the key method
      to deal with complexity and change. Models support communication and drive software
      development processes. In the Engineering Publishing Technology Group, we aim to leverage
      modeling and other proven methods of software engineering for document engineering and
      electronic publishing. Particularly, in this paper, we align UML class diagrams, which model
      persistent data, with XML Schemas, which model the XML representation of persistent data as
      documents. Our method, which we call uml2xsd, transforms an XMI representation of a UML class
      diagram into an XML Schema that constrains XML instances of the UML model. It is patterned
      after transformations into XML Schema that XMI defines for models in its MOF language, which
      are closely related to UML class diagrams. With appropriate configuration, our method
      automates a transformation process that has been conceptually defined in our paper presented
      at Extreme Markup Languages 2007; it incorporates our handling of relations that has
      been presented at Balisage 2008.
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      Organization of the paper

    
      In the Engineering Publishing Technology Group, we aim to leverage modeling and other proven
      methods of software engineering for document engineering and electronic publishing.
      Particularly, in this paper, we align UML class diagrams, which model persistent data, with
      XML Schemas, their implementational counterparts that constrain the XML implementation of
      persistent data as documents. We have felt the need to provide, for the Balisage audience, in
      the first “real” section of this paper (Models in software engineering)
      some background information on the role of and technology for modeling in software
      engineering. We continue the paper with a section (Modeling persistent data) on the place that
      modeling of persistent data and schema engineering for XML implementations of persistent data
      should have in software engineering processes. In the next section (Focus of this paper), we
      present a management summary of our contributions in this paper.

    
      The next four sections expand on a number of aspects: In the first of these four
      (Transforming UML models to XML Schema using XMI), we talk about the ways in which we can make
      use of the XML Metadata Interchange XMI for our purposes. The second (XMI schemas from UML
      class diagrams: The XMI mapping) reports on the way that XMI maps UML class diagrams into XML
      Schemas. The third (Adapting the XMI mapping to the document setting) talks about adaptations
      and modifications to the XMI mapping that are required in a document setting. The forth and
      final section (Realizing the layer shift using XSLT) introduces our implementation;
      particularly, it explains what we call the layer shift, our method that leverages the widely
      implemented XMI export of UML modeling tools.

    
      We finish the paper with a section that gives our conclusions and discusses some related
      work.

  
   
   
    
      Models in software engineering

    
      In this section, we represent the well-established perspective of the software engineering
      discipline to modeling. The state of the art is discussed in many excellent textbooks. We have
      been working with the one by Brügge and Dutoit   [BrüggeEtAlsOOSWE] .

    
      Modeling is a pivotal activity in the engineering of software systems. Based on the dual
      principles of abstraction and implementation, and used in evolutionary phases that provide
      stepwise refinements, it is the key method to deal with complexity and change. Models support
      communication and drive software development processes. Modeling is common practice
      particularly in the earlier phases of software development. During requirement analysis,
      models support communication between software engineers and domain experts; during design,
      they document design intent to implementors; during implementation, they abstract from
      syntactic details of programming languages. The long-standing vision of software engineering,
      namely to drive the development process by models that are systematically transformed into
      lower-level models and software artifacts, has more recently found its expression in the
      approach of model-driven architecture. It is a widely acknowledged benefit of model-driven
      software development that it enforces uniform coding principles and strategies, leveraging
      best practices, and that it reduces error rates. The most striking advantages are:

    
      
      
         	
            Coherence between models and their implementations; this may go as far as to proven
        correctness.

         

      
         	
            Rational and documented transition between models on different levels of refinement, which
        enables accountability.

         

    
      

    
      With the Unified Modeling Language UML, the Object Management Group OMG offers a graphical
      notation for defining models. The UML provides several types of diagrams for the modeling of
      software systems. Software engineering methods such as the Rational Unified Process RUP are
      based on the UML. They are supported by so-called CASE tools; that is, WYSIWYG editors to
      create and edit UML diagrams. The more powerful CASE tools allow for code generation (forward
      engineering), in pursuit of the vision of model-driven software development. Over the last
      decade, the UML has replaced previous modeling languages in software engineering practice.

  
   
   
    
      Modeling persistent data

    
      Let us turn our attention now to a specific but important aspect of software systems, namely
      persistent data. Traditionally, if data volume and access requirements make custom formats
      unfeasible, data have been persisted in databases, with relational databases claiming the
      lion's share of the market. Increasingly, XML and XML database management systems come into
      play, the former as a format for persistent data and the latter for management and access of
      the XML data. In particular, XML establishes itself as the data format of choice if data are
      structured irregularly (semi-structured data) of if data are genuine textual
        documents  [AbiteboulEtAlDataOnTheWeb] .

    
      We pose three requirements for the modeling of persistent data:

    
      
      
         	
            Modeling of persistent data must be integrated into system modeling.

         

      
         	
            Modeling of persistent data must be independent of data implementation technology.

         

      
         	
            Modeling of persistent data should be amenable to forward engineering.

         

    
      

    
      How do these requirements mesh with the reality of XML modeling?

    
      With schema languages such as DTD, XML Schema, Relax NG and
        Schematron  [W3CRecXMLSchemaStructures] 
       [vdVlistSchemaTechnologies] 
       [vdVlistXMLSchema] , the XML community has developed XML-specific modeling languages that
      are supported by XML-specific modeling
        methodologies  [MalerEtAlDTDModeling] 
       [EcksteinEtAlXMLDatenmodellierung]  [ConradEtAlXMLConceptualModeling] 
       [KhanEtAlSchemaDesignPatterns] 
       [LainevoolXMLPatterns] 
       [StephensonBestPractices] . Tool support is available in the form of graphical
      editors for schema languages, requiring XML domain knowledge from software engineers who
      develop models.

    
      Fundamental weaknesses of this approach are that the modeling depends on the schema
      technology, that the modeling language is very close to the implementation language and that
      the modeling of documents is separated from and not integrated into the general system
      modeling. These deficits persist even if XML modeling tools are integrated as modules into
      general UML tools, as it is the case, for example, with Altova UModel or HyperModel.

    
      What options do we have if we want to truly integrate schema engineering into software
      engineering? In this, we will be guided by proven software engineering procedure. In practice,
      in software projects persistent data are modeled as UML class diagrams. Historically, there
      are two main options to implement the data. The first option implements data as objects in a
      specific programming language and then “marshals” the objects into a
      custom data format for persistent storage. The second option stores data in a database. In
      both cases, not only the data but also their models have an implementation counterpart, either
      in the form of class declarations in a programming language or in the form of a database
      schema definition. If we persist data as XML documents, the obvious implementational
      counterparts to data models are XML Schemas. Hence, the sound software engineering position is
      to regard XML as a target platform for persistent data and to transform data models into XML
      Schemas that constrain the XML-encoded data  [PaganoDA] . This puts not only
      XML but also XML Schema and other XML schema languages firmly on the side of implementation
      technologies.


  
   
   
    
      Focus of this paper

    
      In this paper we present a method, which we call uml2xsd, to translate conceptual models
      that, following current software engineering practice, are written as UML class diagrams into
      XML Schemas, thus aligning UML class diagrams, which model persistent data, with XML Schemas,
      which constrain the XML representation of persistent data as documents. The paper is the
      quintessence of research that the first author did for his diploma
        thesis  [PaganoDA]  under the supervision of the second author.

    
      We base this work on XMI, a method that the Object Management Group (OMG) has defined to turn
      models that are written in its modeling language MOF into equivalent XML Schemas. Due to the
      architectural alignment of MOF and UML, MOF models can be considered as specific UML models
      that represent concepts in the form of class diagrams. Hence, we were able to pattern uml2xsd
      after the OMG translation of MOF models in XML Schema, extending it to concepts that are
      present in UML class diagrams but not in MOF models.

    
      The OMG method is defined on a conceptual level. We are not aware of any tools that actually
      implements this method. Hence, XMI provides a conceptual guideline for uml2xsd, but there is
      no precedence for an implementation.

    
      There is, however, another aspect of XMI that we can build on: The goal of XMI is to
      facilitate exchange of models as XML documents. The MOF language is used as a language to
      define metamodels (models whose instances are models), such as the UML metamodel. The XMI
      method that we have mentioned above, is used to translate such metamodels into specific XML
      Schema documents that are called XMI schemas. Applied to the specific metamodel of UML, this
      method yields a single XMI schema that constrains XML representations of UML models, which are
      called XMI documents.

    
      Our method uml2xsd leverages the common capability of modern UML tools to export UML models
      as XMI documents. It transforms an XMI representation of a UML class diagram into an XML
      Schema that constrains XML instances of the UML model. It is patterned after transformations
      into XML Schema that XMI defines for models in its MOF language, which, due to the
      architectural alignment, are closely related to UML class diagrams. Our method achieves a
      shift from the XML instance layer that XMI supports for model interchange to the XML Schema
      layer that supports modeling itself. Being based on XMI as a standardized interchange format
      for UML models, uml2xsd is independent of specific UML modeling tools or software development
      methods. Technically, uml2xsd is an XSLT program that operates on XML representations of UML
      class diagrams, the XMI documents, and turns them into XML Schemas.

    
      The core idea behind uml2xsd is to generate from UML class diagrams not XML instances, as is
      the XMI way, but XML Schema documents, thus aligning conceptual instances of UML models with
      XML instances of XML Schema documents. We make use of the XMI support of UML modeling tools in
      that we first export UML class diagrams as XMI documents and then translate the results with
      XSLT into XML Schema documents. The translation rules adapt XMI translation rules from a
      higher level of the so-called MOF metamodel hierarchy, which is enabled by an alignment
      between the metamodel hierarchy and UML class diagrams. This “layer shift”, which we are going
      to explain in more detail further on, validates the uml2xsd approach.

    
      In principle, the uml2xsd method should work with XMI data that were exported from any UML
      tool. In practice, however, XMI allows for a wide spectrum of variants to represent any
      artifact in a UML diagram, so we hesitate to claim too much. We have, however, successfully
      tested the implementation with a number of UML tools, particularly with Enterprise Architect
      and Altova UModel.

    
      At Extreme Markup Languages 2007, the Engineering Publishing Technology Group has presented
      principles, patterns and procedures of translating a conceptual document model in form of a
      simple UML class diagram into an XML Schema document  [EPTatEML2007] . In a
        contribution  [EPTatBalisage2008]  at Balisage 2008, we have extended our
      investigation to more complex document models that exhibit relationships between classes,
      coding relationships on the XML side of documents with XLink and embedding processing support
      for XLink into XQuery. With appropriate configuration of uml2xsd, we are now able to automate
      these translations. We have applied uml2xsd to automatically generate XML Schema documents
      from conceptual models of two XML applications, XBlog and XTunes.

    
      We have further evaluated uml2xsd by applying it to the UML metamodel (which is an
      instance of MOF and, hence, an UML class diagram); the result is an XML Schema for UML that is
      equivalent to the XMI encoding rules of UML class diagrams.

  
   
   

    
      Transforming UML models to XML Schema using XMI


    
      As we have briefly sketched out above, there already exists a standard for the generation of
      XML Schemas out of models namely XMI, the XML Metadata Interchange specification. With XMI,
      the OMG has standardized a data format that aims at the interchange of models. The goal is to
      support interoperability of UML modeling tools. There is urgent need for such support since,
      particularly in globally distributed software projects, a number of modeling tools are
      simultaneously in use. XMI not only supports UML models, but also
        MOF  [OMGMOFCore]  compliant models in general. It defines standards for
      the creation of so called XMI schemas, which represent MOF compliant metamodels such as the
      UML metamodel, and XMI documents, which represent the actual models such as UML models; the
      latter are instances of a metamodel's representation as an XMI schema. Thus XMI enables the
      validation of models in their XML representations against an arbitrary MOF compliant
      metamodel.


    
      Since UML is designed using the MOF and because the UML metamodel itself is an instance of
      the MOF model  [OMGMOF] , XMI can be (and is in most cases) used to exchange
      and validate UML models via XMI documents. As the names suggest, XMI documents are specific
      XML documents and XMI schemas are specific XML Schema documents. So when using XMI, UML models
      are actually transformed into XML documents, not into XML Schemas! Why that, didn't we state
      above that from the perspective of object persistence, we would expect conceptual UML models
      to be transformed into XML Schemas? That's still valid, but XMI was designed to validate and
      exchange models, and for that purpose it is best to transform models into XML documents; that
      is, document instances that can be validated against an XML Schema using common XML
      software.


    
      Since XMI defines rules for generating XMI schemas (which are special XML Schema documents as
      we have seen) from MOF compliant metamodels, the question arises whether we can also use these
      rules to generate XMI schemas for conceptual UML models. The answer is yes. Because of the
      architectural alignment of UML and MOF, conceptual UML models (models represented by UML class
      diagrams), are defined using the same concepts as MOF compliant meta
        models.  [OMGMOFCore]  Thus, we are able to interpret UML class diagrams
      as MOF compliant metamodels from an XMI point of view, which allows us to use the rules
      defined by the XMI specification to generate XMI schemas from conceptual models. We call this
      process, which effectively creates an XMI schema from a conceptual UML model encoded in an XMI
      document, layer shift. The attached figure illustrates the model-instance
      relationships, the mappings and the levels on which the models and their instances reside.

    
    
      
         
            [image: ../../../vol3/graphics/Bruggemann-Klein01/Bruggemann-Klein01-001.jpg]
         
      

    
    

  
   
   

    
      XMI schemas from UML class diagrams: The XMI mapping


    
      In our research  [PaganoDA]  we have surveyed the XMI specification
      regarding its possibilities to map conceptual models to certain XML Schema documents, namely
      the XMI schemas. Our focus was to determine whether XMI allows a sound transformation of
      models for XML applications into XML Schema documents that represent their document classes.
      This question arises from the fact that XMI was designed with a completely different goal,
      namely the standardization of the interchange process of MOF compliant models.


    
      First of all, although XMI targets MOF compliant models in general, the transformation of
      conceptual models in the form of UML class diagrams is possible due to architectural alignment
      in the form of the common infrastructure of UML and
        MOF  [OMGUMLInfrastructure] . The OMG defines how to generate
      MOF-compliant models  [OMGXMIMapping]  as a set of predefined rules that can
      also be configured for special purposes. This configuration comprises the use of a specific
      set of so-called tagged values in the MOF models that are to be transformed. These tagged
      values are also defined in the XMI specification. In the following, we provide a short
      overview of the transformation rules specified in the XMI specification.


    
      The general structure of an XMI schema is how we would expect an XML Schema document to look
      like, including namespace declarations and imports of XMI specific XML Schema types. By
      default, XMI software generates only one XMI schema for a complete UML model, without defining
      a target namespace therein. But the annotation of UML packages with an XML namespace results
      in the generation of one XMI schema per UML package, each using the specified XML namespace as
      target namespace. This allows for the transformation of equally named UML elements within
      different packages, what would otherwise be impossible.


    
      For UML packages XMI specifies the use of elements with locally defined complex types. Each
      complex type is then made up of a choice of the UML elements contained in the according
      package, which are referenced in the choice. Similarly, UML classes are transformed into
      element declarations and complex types, but in contrast to packages, the elements' types are
      declared globally. The elements and their types are put into the target namespace of the
      containing package. The content model of both packages and classes is very generous since it
      is realized as an XML Schema choice construct with open bounds, and thus hiding any
      multiplicity by default. But this representation can be changed using tagged values that
      enforce the use of the multiplicities as specified in the model.


    
      UML attributes are transformed into element declarations, which are directly put into a
      choice in the definition of the complex type that represents the containing class.
      Additionally, an attribute declaration is appended for UML attributes with simple datatypes
      and a multiplicity of at most one. However, the type of declaration can be influenced using
      tagged values, for example to persist the order of the elements using sequences instead of
      choices. Every complex type by default references an additional attribute predefined in the
      XMI specific XML Schema types that is used as an identifier. However, by annotating a UML
      attribute with a certain tagged value, this attribute can be declared as the identifier
      attribute instead.


    
      UML associations are defined using association ends that reside in the classes that
      participate in the association. XMI generates both an element declaration and an attribute
      declaration for each association end contained in a class. As the association end's type, XMI
      uses the predefined type “Any” that allows arbitrary content for the element. This allows the
      instantiation of classes in the content of other classes and therefore enables the
      construction of redundant but valid XML documents. We consider this redundancy a weak point of
      the XMI specification.


    
      For inheritance, a specific type of association, XMI uses
        “copy-down-inheritance”  [OMGXMIMapping]  by default: The subclass is
      transformed into a complex type under the rules, but first the properties of all base classes
      are copied. Then these are extended or replaced by the properties defined in the subclass
      itself. The copy-down-inheritance is only a workaround for the realization of multiple
      inheritance that XML Schema does not support natively. In the sense of the term it is not
      really an inheritance mechanism, as the relation between base class and subclass gets lost
      during the transformation. If a UML model only uses simple inheritance, the use of the native
      XML Schema inheritance mechanism can be enforced by using the proper tagged values. In
      contrast to the way associations are represented, the use of copy-down-inheritance can't be
      seen as a drawback of XMI, because it is XML Schema that lacks the concept of multiple
      inheritance.


  
   
   

    
      Adapting the XMI mapping to the document setting


    
      Clearly the XMI specification was designed with the goal to facilitate the interchange and
      validation of models, not to represent conceptual models in the form of XML Schema documents.
      But most of the rules that transform UML model concepts into XML Schema concepts are sound
      from the perspective of a conceptual model by default or there are possibilities to influence
      the rules in a way that they become sound.


    
      However, an important concept that is not considered by the XMI specification is abstraction,
      although abstract classes exist in the MOF specification. This may be a result of the aim of
      the XMI specification, since it should facilitate the interchange of models. This means XMI
      schemas shall facilitate the validation of models in the form of XMI documents, a process
      where abstraction plays an inferior role. Considering XML applications that need general
      schema concepts, abstraction would be desirable.


    
      Another negative aspect in this context is the declaration of elements for classes, the use
      of instance placeholders as we call them. XMI creates an instance placeholder for each
      class without exception. This is always possible, but not always desirable in the context of
      XML applications, because it allows for a variety of valid XML documents implementing the
      schema.


    
      Furthermore, the third drawback is the realization of associations in XMI, which allows for
      redundancy in instance documents. XMI however targets the validation of models regarding the
      definition of the according metamodel represented by an XMI schema. Hence, XMI does not
      emphasize well-structured and easy to use valid documents. Moreover, there are certain tagged
      values that make it possible to prevent element declarations for association ends and allow
      for the use of an URI-based linking construct that eliminates redundancy. Unfortunately the
      XMI specification doesn't make use of XLink  [W3CRecXLink]  at this point, which
      could be a helpful concept. This is because the XMI specification was created before XLink
      became a W3C standard.


    
      Since the schema generation process can mainly be influenced using tagged values, we have to
      ask for a general set of tagged values to tailor the schema generation process for our needs.
      Having to annotate each and every model element with cryptic tags doesn't really simplify a
      software engineer's life. But leaving XMI aside, each transformation process has to be
      configurable on UML construct level to transfer design decisions into the schema.


    
      Carlson  [CarlsonXMLAppsUML]  proposes the use of a special UML profile for
      XML Schema modeling purposes that defines according stereotypes and tagged values. For example
      he introduces the stereotype “XSDcomplexType” which applied to a class specifies that this
      class should be realized as a complex XML Schema type. But he also defines stereotypes and
      tagged values for other model elements like attributes or association ends (e.g. “XSDelement”
      or “XSDattribute”) and even stereotypes that target model groups whose function is to group
      other model elements (e.g. “XSDsequence”). This approach surely makes sense, but the
      terminology Carlson proposes for the profile belongs to the domain of XML Schema, not to the
      domain of modeling in general. Hence a software engineer has to have domain knowledge of XML
      Schema to ensure that the generated schema has the desired properties, and thus in fact has to
      model the schema, not the application. Here we consider it more useful and more general to
      hide such tags and preset their values sensibly from the perspective of XML applications or
      modeling in general. This way important patterns, principles and procedures could be ensured
      and the profile could be made more UML or model specific than XML Schema specific.


    
      The major benefits of using XMI schemas are obviously the possibility of reusing an existing
      specification and the fact that most CASE tools currently support exporting their models as
      XMI documents. The latter fact is important when considering a way to make practical use of
      the XMI rules to create XML Schema documents from UML models in software engineering
      processes.


  
   
   


    
      Realizing the layer shift using XSLT


    
      XMI compatible UML CASE tools provide the possibility to export models in an XML based,
      standardized format, namely an XMI document. This is a welcome fact for the realization of the
      layer shift, which shall create an XMI schema from a conceptual UML model encoded in an XMI
      document. It allows for the insertion of an additional transform layer after the creation of
      the model during the development process. This means that we get models in a well defined
      format, which we can assume as input format for a transformation. It comes in handy that XMI
      documents are in fact XML documents, so we can use an XSLT stylesheet to transform a UML model
      encoded in an XMI document into XML Schema.


    
      Naturally the question arises, whether we cannot simply influence the schema generation
      process of a UML tool to directly transform a UML model into an XMI schema. This question is
      inappropriate, though, because UML modeling tools with XMI functionality exclusively create
      XMI documents, not XMI schemas. The generation of XMI schemas is thus not part of the
      functionality of the mentioned tools, and hence has it to be done separately after the export
      of a model.


    
      We realize the layer shift with an XSLT 2.0 stylesheet that targets XMI version 2.1 and
      above. Hereby we focus mainly on the XMI specification, which describes the transformation of
      MOF models into XMI schema documents, but we interpret UML models in particular. As we have
      found out, tagged values (amongst others) are realized in different ways by different tool
      manufacturers. But since they are most important for the tailoring of the schema generation
      process, the XSLT stylesheet has to be able to interpret them. As a matter of fact, a general
      interpretation is out of scope for our project and is basically difficult to achieve because
      of the high degree of flexibility within XMI. However, we support a number of some of the most
      popular tools and integrate an extension point in the stylesheet that makes it easy to provide
      additional interpretation modules for further tools. With our implementation we provide a
      conceptually sound open source realization of the layer shift that can be used in other
      processes.


    
      To make it easy for reuse, we have designed our stylesheet to align with the translation
      rules defined by the OMG  [OMGXMIMapping]  by creating several templates that
      correspond to the several subrules and that have the same names as the according rules in the
      official mapping document. Besides interpreting some partially unclear points of the mapping
      specification like the handling of package level attributes, we focus on realizing the mapping
      as consistent with the specification as possible. Furthermore we implement features that allow
      for more flexibility than the specification or even provide additional functionality. Examples
      are the possibility to use substitution groups for derived model elements, the ability to
      generate model based name prefixes or the use of XLink for the realization of associations. To
      enable the use of certain configurations of tagged values, we also provided parameters that
      allow to set a default value for each tag.


    
      Realizing the layer shift according to the XMI specification naturally leaves its mark in the
      resulting schemas: There are many additional elements and attributes that solely support the
      interchange process or provide extension points. These XMI-specific schema content can be
      removed for schemas that are generated in the case of document engineering.


  
   
   
    
      Conclusions and related work


    
      In this paper, we have presented a method uml2xsd that transforms conceptual data models from
      their UML representations into XML Schema documents. From a software engineering point of
      view, our method provides an implementational counterpart to data models that constrains the
      XML implementations of model instances (data). Our method provides a missing piece for the
      puzzle of data modeling, extending good practice from object-oriented programming languages
      and databases to document engineering.


    
      Clearly, our method provides a missing link in schema engineering: Data modeling can be
      integrated into system modeling, independently of data implementation technology.


    
      The implementation of xml2xsd builds on XMI, a standard for model interchange that is widely
      supported by UML modeling tools. It follows mapping rules from data models to XMI schemas that
      the OMG has conceptually defined, providing the first publicly available implementation of
      these rules. Our implementation is open source, configurable and extensible. Hence, uml2xsd
      puts forward engineering into the toolbox of schema engineers.


    
      Speaking of schema engineers, even if some project confines itself to pure schema
      development, without any ties to software development, our method provides two strong
      benefits: First, we enable modeling to be carried out independently of schema technologies.
      Second, in the vein of forward engineering, schemas can be generated automatically from
      models.


    
      We consider the presentation  [KimberEtAlUML2DTD]  of Kimber and
      Heintz at Extreme Markup Languages 2000 as a direct predecessor of our work. We fully
      subscribe to their position on the relationships between software engineering, document
      engineering and XML technology. In our work, we have taken two further steps: First, with XMI
      we base our mapping from model to schema on an OMG standard, also facilitating configuration
      and extension of the XMI mapping. Second, we offer an implementation that works within any
      (reasonable) UML environment, requiring, with XSLT, only widely available XML technology.


    
      The work that we have presented here is part of a larger endeavor in which we, the
      Engineering Publishing Technology Group, explore to what extent novel publishing applications
      can be composed from appropriately configured XML software with a minimum of programming. Our
      goal is to discover principles, patterns and procedures that reduce complexity and ensure
      sustainability when developing and maintaining Web applications. Modeling of persistent data
      and forward engineering of data models into XML schemas are one building block of a metamodel
      for publishing applications that Thomas Schöpf, another member of our group, develops in his
      PhD thesis “Eine Software-Architektur für webbasierte
      Publikationssysteme”.
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      Abstract
What is a game? A definition is famously difficult.
        Wittgenstein, for example, after having described language as a game in
        his Philosophical Investigations, goes on to ask
        what a game is and how we know what's a game, using the word
          (Spiel in German) as a vivid example of the provisional
        and contingent nature of the supposedly clear concepts communicated by
        language. Game theory, a branch of mathematics, solves this question by
        avoiding it, providing its own definition of game, which
        only partially fits many or most games as we know them. And talking
        about games becomes really interesting when we reflect, as is
        inescapable since Peter Suber coined the term nomic game
        in 1982, that part of the action of many games, and indeed the essence
        of some, is in the process, play or competition of providing the game
        itself with its rules and hence its definition. Originally developed in
        reference to legislative systems as an illustration of a game of
          self-amendment, Suber's rule set for the game
          Nomic quickly took on a life of its own and spawned a
        small thought industry among gamers and philosophers, implicating
        economics, sociology and anthropology, life sciences, psychology and
        politics.

      Markup technologies such as HTML, XML and everything that goes with
        them, from schemas to processing languages to public specifications and
        standards, have many gamelike aspects. We have players, equipment, and
        opportunities to compete and cooperate. When applications work as well
        as or better than planned, there are victories. When projects fail or
        initiatives collapse, there are defeats. As in many games, much of the
        activity of markup technologies is devoted to rules enforcement; it
        also, in nomic fashion, extends to breaking received rules and making
        new ones. (Illustrations and examples are offered at micro and macro
        levels.) An engagement with markup technologies, or with any media
        production or software application design that relies on them, demands
        tactics and strategy, presenting us with problems and tradeoffs enmeshed
        in complexities both on and off the board, and challenging us to decide
        not only how we play, but what game we wish to be playing. And the
        deeper we go, the more nomic it gets. As we ponder what we are doing
        with markup technologies and how they are changing what else we do – as
        technologists, publishers, scholars, teachers, and creative producers –
        it is well if we reflect on who is making the rules and how; for whose
        benefit; whether, when, to what extent and how we should follow their
        rules or make our own; and finally how the rules we make about the games
        we play can have far-reaching effects even beyond the game we thought we
        were playing.

    
    
      Copyright 2009 by the author.

    
  
  
    What is a game?

    Ludwig Wittgenstein, in his Philosophical
        Investigations, famously describes language as a game with
      words, and then contextualizes and complicates the suggestion by
      demonstrating how the term game itself
        (Spiel in the original German text) does not admit of a
      simple, clearcut definition. As he demonstrates, there is no single
      definition that can be used, in any abstract analytical way, to
      distinguish those things we call games from other things we do not. While
      games frequently or generally have players, rules, equipment, scores,
      plays or moves or tricks or turns or timing, none of these is present in
      all things we call games, or serves to distinguish a game as such from
      other things that are not games. Solitaire is a game, if only in a loose
      sense; so are catch, tag, or (when playing with a cat),
        string. The first definition given under
        game in a dictionary will tend to be something like
        A diversion or amusement (American Heritage, although
      there are many diversions or amusements we do not ordinarily call games),
      or Sport or amusement of any kind; fun (Webster's). Yet we
      can all think of diversions or amusements that we would not call
      games.

    The mathematical field of game theory is, similarly, both a help and a
      hindrance. While game theory sets out to describe game-like situations,
      these correspond only somewhat to those things we call games outside
      mathematics. Intriguingly, this limitation of game theory is necessary to
      its greater project as a universal language for the unification of
        the behavioral sciences (H. Ginnis as quoted by Don Ross), which
      it achieves by means of a generalized application of its terms well beyond
      those of the social and cultural phenomena we call games. Accordingly,
      while game theory is by no means irrelevant to the analogy proposed by
      this paper (and the application of game theory as such to markup languages
      would by no means be without interest), it is also somewhat tangential to
      the argument here.

    The reason for this is fairly simple, but subtle. What this paper
      shares with game theory is a recognition that games can, in general, be
      characterized as rules-based systems; that is, as systems in which the
      relation and interaction of parts or participants are regular in ways that
      are susceptible to formal definition and even prescription. But while game
      theory considers what happens – what patterns emerge, how outcomes are or
      are not determined, how strategies interact – within such systems, it
      necessarily treats each such system as closed. The allowance that a system
      may not be fully defined or definable in formal terms – something that is,
      for better or worse, characteristic of many games and gamelike activities
      – will tend to frustrate any straightforwardly mathematical approach.
      Accordingly, any consideration by game theory of systems whose rules are
      not fully determined or known by the theorist – which are thus, in a
      crucial sense, undefined – will be, at best, by analogy.[1]

    This analogy (certain formal systems of interest to us shall be
        called games, and games as we
        call them are like systems we can observe) is less the focus of
      this paper than another one, closer to home at least for some of us:
      markup technologies, and the forms of media based on them, which have
      formal aspects, are like games, like chess, Scrabble or (with apologies)
        tag, which also have formal aspects, though they may not
      always be fully definable in merely formal terms (that is, without any
      reference to social context or occasion). In view of this, it turns out
      that game theory is interesting for this treatment at least as much for
      its showing what games (or markup technologies) are
        not as for its theorizing what they are, casting
      into relief the vital distinction between formal systems as such, and
      systems as we encounter them as part of social, cultural and economic
      life. For example, one consequence of its deliberate definition of scope –
      a game is a system subject to formal definition of options and outcomes in
      interaction – is that game theory can make no provision for cheating (as
      distinguished from defecting: the distinction is important[2]). This is because when a game is identified with a given set
      of constraints on play and dispositions of rewards, to break these rules
      is simply to end or invalidate the game as defined (even if play
      continues), and to play a game outside its rules is a logical
      impossibility (while one might well continue on to play something else).
      Similarly and by extension, if allowances are made in the definition of a
      game for breaking a set of nominal rules (since game theory does not
      require that all participants in a game know all the rules or agree on
      them), then to break them is merely to demonstrate that the game nominally
      being played is not the game actually being played. Accordingly,
        cheating from the point of game theory does not mean what
      it ordinarily means, that is to break the rules while continuing to play.
      Instead, it amounts to a particular kind of subterfuge, i.e., to pretend
      to be playing one game while actually playing another.[3]

    But cheating at sports and games (and gaming them, an
      interesting and illuminating variation) has a long and illustrious
      history, as long as that of games themselves. And it happens all the time
      – yet somehow games continue, maintaining some sort of identity and
      integrity even if only as a premise. If a football coach cheats by reading
      the other team's signals, or a baseball player cheats by corking a bat or
      spitting on a ball, we do not usually say they have stopped playing
      football or baseball, even when this might be a vivid and cogent
      formulation of our complaint against them. More generally, a game as
      defined mathematically makes no provision for creativity or improvisation
      outside the choices between more or less obvious or innovative selections
      of strategy, for moves that change the game. This is not to
      say that creativity within constraints is not
      creative (on the contrary), nor that the mathematics are therefore
      uninteresting. Yet the constraints themselves, the rules of the game, are
      sometimes themselves most at issue; and how and by whom they are decided
      is precisely what game theory must leave aside.

    This being the case, this treatment proceeds with a much rougher
      definition of game, which will nonetheless prove to be
      serviceable, inasmuch as it does not contradict a mathematical accounting,
      if one should be wanted, but also looks beyond the formal mathematical
      definition of any particular game, real or notional: a game is an
        agreement to play. This is broad enough to capture most
      or all real games; but it entails a couple of important ideas. First, in
      order to have an agreement, we need to agree with someone – if only with
      ourselves, as in solitaire. Second, an agreement to play consists often of
      more particulars than the simple act of playing. We can agree to all kinds
      of rules and requirements. And it is this set of rules and requirements
      that constitutes the game.

    In other words, we might be less concerned with what constitutes games
      in general, as games, as what constitutes a particular game, as a game.
      And indeed we are in rich territory as soon as we bring attention to the
      social and material contexts of any agreement to play, and to the
      constitution of such an agreement, both implicit and explicit. While this
      all varies greatly from one situation to another, whenever we find such an
      agreement, and to whatever extent we can find the agreement to be stable
      and to consist of particular provisions governing play, we usually find we
      can say there is a game there.[4]

    
      Rules and rule systems

      While it is very difficult to generalize meaningfully about the
        context and nature of such agreements, if we are to try to extend an
        argument like mine – markup technologies are games or are like games, or
        at least provide occasion for games – it is necessary to do so at least
        in a rough way. Along these lines, I would like to propose several
        categories or terms of art, which we might use to distinguish the
        outlines of any agreement to play.

      
        
          	Constraint space

          	
            If a game is defined by its boundaries, those boundaries can
              be considered to define a constraint space. A
              constraint space comprises all the lawful states of a game.
              Something that happens inside the constraint space may be part of
              the game; outside the space it necessarily is not. If the state of
              the game exits the given constraint space, the game must either be
              modified to extend into the new space, or come to an end.

            Generally a game comes to an end either when it comes to a
              steady state and its players decide to stop (thereby ending the
              agreement to play), or when the constraint space itself is
              dissolved. For example, a number of points is acquired or a clock
              runs out, thereby bringing the game, as defined by its own rules,
              to an end state, or bringing to an end a condition on which the
              game depends (we'll play until it gets
              dark).

            For purposes of this discussion, constraint spaces may be
              further distinguished into three kinds:
                terrain, rule space
              and regulation space. Terrain is the most
              general; rule space appears or occurs within or on the terrain;
              regulation space is a further refinement on rule space.

          

        

        
          	Terrain

          	
            A game always takes place within some medium, which I will
              call its terrain. The terrain may be identified with the material
              conditions of the game: its playing field, apparatus or equipment.
              Every game has a terrain at least implicitly, although the terrain
              may shift in the course of the game.

            The rules of play may specify or designate a terrain, but they
              do not constitute it. Nevertheless, the notion that a terrain is
              relatively stable, distinct from the rules of play, and
              nonetheless introduces its own constraints, is important. Not only
              may the terrain shift while the rules stay constant; also the
              rules may shift while play continues on the same terrain.

          

        

        
          	Rule space

          	
            While the terrain bounds the set of possible game states given
              its material conditions, rule space comprises a set of lawful
              states. It is possible, for certain kinds of loose or informal
              games, that rule space covers the entire terrain. In other words,
              the agreement to play consists only of we'll play
                here or we'll play with this, and all
              states given this agreement are legal. Generally speaking,
              however, for play to remain play, at least some rules are followed
              at least implicitly. Even animals at play together will handicap
              themselves so the stronger does not entirely dominate the weaker.
              The existence of such implicit rules seems to be part of what
              makes tug or chase a game.

            Importantly, rules do not only define legal states within the
              terrain. Typically they also define legal transitions between
              those states: tactical alternatives, moves or
                plays, some of these being legal, while others
              are not. This further restriction also opens a further possibility
              of cheating, which can include not simply a move or play that
              exits rule space (the set of lawful states), but also a move or
              play that advances the game to another state – even one that might
              otherwise be lawful – by means of an unlawful transition.

          

        

        
          	Regulation space

          	
            Given the possibility, or even the likelihood, that either
              game states or the transitions between them may be unlawful –
              balls do go out of bounds, and players do attempt to cheat – many
              games also include rules to govern rule space. Mechanisms of
              resolution or adjudication are introduced in order that the
              agreement to play may continue by a restoration of rule space when
              it has been violated. Regulation space may introduce agents of its
              own (such as umpires or referees) and its own apparatus (a
              referee's whistle). In any case, there are rules to be followed
              for enforcing the rules (when the referee blows the
                whistle, play must stop). Such mechanisms, which we can
              generally call regulators, occupy a middle space
              between the rule space and terrain, one where an unlawful state
              (or the immanence of one) is recognized, but instead of forcing an
              end to the game, a kind of meta-rule, a regulation,
              is applied to restore lawfulness. This ensures that the game
              remain within rule space. (Usually this is accomplished by
              changing the game state. It can also be accomplished by altering
              rule space itself to accommodate the state in question.) As long
              as this happens in a way acceptable to the players, the agreement
              to play can be sustained. More often than not, prior agreements on
              how this agreement is to be secured help to validate such
              rulings.

            Because they add new constraints and restrictions to a wider
              rules space, a game that is regulated is actually a formal subset
              of the same game when unregulated (that is, when regulated only
              informally, by its players in the course of play) – not because it
              always makes some otherwise lawful game states unlawful, but
              because it clarifies and manages the boundaries between lawful and
              unlawful. It narrows the class of lawfulness from
                anything the players accept as lawful to
                anything determined to be lawful by
              regulation.

            For example, Scrabble™ is a game played on a terrain
              consisting of a board and tiles; the rules entail players taking
              turns, placing tiles on the board to spell words, and drawing new
              tiles to replace the ones played. Commonly, a dictionary is used
              as a neutral arbiter (a regulating device) to determine whether a
              disputed word is allowable.

            But the National Scrabble Association also publishes a set of
              Official Tournament Rules, which specify a particular reference
              book (not just any dictionary agreed to by the players), along
              with many additional rules governing tournament play. Since the
                rules of Scrabble as printed on the box and
              played at home in your living room comprise only a subset of these
              rules, Official Tournament Scrabble is a subset or
                profile of Scrabble in general. (More rules
              define a narrower rule space.)
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Figure 1.Rule spaces and regulation spaces
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        Although all of these represent states on the terrain, only one of
          them represents a lawful game state according to conventional rules.
          (According to the Official Tournament Rules, another one is legal if
          no player chooses to challenge it before another move is made.)

        
Figure 2.Lawful and unlawful states in Scrabble™
    
    
      How are markup technologies like games?

      Markup technologies, considered generally (that is, including
        HTML/CSS and wiki markup as well as XML/XSLT) have a number of game-like characteristics:

          	
            An apparatus (the computer, the software, the network)
              constituting a terrain.

          

          	
            Rules (syntactic rules, tagging rules, usage and best
                practice), procedures (editing, validating, executing
              stylesheets), styles of play.

          

          	
            Regulators (rules enforcement mechanisms), working on several
              levels. For example, we have XML with its rules (well-formedness
              constraints over the syntax and the usage of particular mechanisms
              such as namespaces) enforced by parsers; we have applications of
              XML using particular tag sets, with schemas to validate instances
              intended for these applications; and we have profiles of these
              applications entailing even further constraints over both the
              construction of markup instances and how they are deployed and
              used.

            Much of the regulation occurring in markup technologies is
              achieved informally by players monitoring and providing feedback
              to one another. Regulation mechanisms are also frequently
              formalized, codified and automated. Sometimes regulations
              conflict, requiring (usually informal) arbitration.

          

          	
            Social networks and roles.

          

          	
            Opportunities for interaction, feedback, and cooperation among
              players.

          

          	
            Payoffs or victory.

          

        

      Notably, competition is excluded from this list.
        While competition is clearly part of activities related to markup
        technologies, it is not obviously necessary to them: win/lose outcomes
        are not inevitable at least within the straightforward practice of
        markup. While one might allow that successfully validating or publishing
        a markup instance is winning in some sense, such a
        victory would not ordinarily require anyone else to lose.

      [image: Markup technologies as game]
          
        Just as games come in more or less strict and regulated forms, so
          do markup language applications.

        
Figure 3.Markup technologies as game
      Yet beyond those just listed, there is a more striking similarity.
        Markup technologies show the same systematic elaborations as games do
        between games-as-rules (rule spaces) and games-as-regulated-rules
        (regulation spaces). Just as we have board games (games played, usually
        in turns, on a board at a table), Scrabble (a particular such game,
        whose terrain is a board with a grid and tiles carrying letters with
        point values), and then NSA Official Tournament Scrabble™, we have
        text-based markup, then XML, then an application of XML such as TEI or
        Docbook, then an application profile of one of these (or of some other
        common tag set, or a private tag set) in use by a particular publishing
        system or organization, and so on.

      Moreover, the regulatory systems that are deployed to manage and
        support markup applications, including schemas, documentation,
        stylesheets and so on, are themselves subject to a kind of game play.
        Certainly, proponents of TEI, Docbook and other widely-used tag sets
        have been known to feel themselves in competition, as if to be widely
        used is to win. Browsers and commercial toolkits compete
        with one another over who gets to define the rules of how markup is to
        be handled, as a guarantor, in their case, of commercial viability; this
        is a reflection and an outgrowth of the fact that even proprietary
        applications may be used as regulators (sometimes the only regulator) to
        manage the rule space of even a supposedly non-proprietary,
        standards-based technology such as HTML or CSS. At a higher level still,
        standards organizations and industry consortia are enlisted as
        regulators of this competition; then standards bodies themselves compete
        over markets. Evidently there is plenty of zero-sum (or at least the
        players behave this way) and plenty of competition.

      However, the fact that markup technologies are not inevitably or
        inherently competitive is only one instance of a more general
        distinction, namely that markup technologies as a whole, for all their
        rules and rigidities in some respects, do not make for the same kind of
        stable bounded system that a game is, even when this is true of
        particular markup-based applications. Markup technologies are more
        complex than games, even complex ones, and more specifically situated
        within (less isolable from) particular economic and cultural projects or
        endeavors.

      Also, participants in markup technologies usually have less clearly
        defined tasks or roles than players of games do; indeed our work
        commonly mixes together the roles of player (someone who
        acts within game play to achieve aims within the game) and regulator
        (with responsibilities to monitor and maintain the game play as such).
        Nor is this because the game is simple enough not to require external
        regulation; on the contrary, markup technologies are also characterized
        by the opportunity to make and change the rules of play. All this makes
        them less like games, and more like nomic games.

    
    
      Nomic games

      In some ways, nomic games are the most gamelike of games, in that
        they afford the greatest opportunity for self-structured play: they are
          agreements to play in their most essential form. Yet
        they are also un-games, in the sense that they cannot be
        defined in terms of particular sets of rules. That is their point. To
        the extent that a game most closely approaches the mathematical ideal of
        a closed system in which moves, tactics, payoffs and their interactions
        are fully defined (and hence, at least in principle, fully
        intelligible), it is not a nomic game – even as the outcome of those
        interactions becomes too complex to be predictable. A nomic game is a
        system that is gamelike in one crucial respect – there are rules
        governing play – but critically ungamelike in another: those rules are
        not fixed, but instead are themselves in play. 

      [image: Games and nomic games.]
          
        
Figure 4.Games and nomic games.
      The term nomic game was coined by Peter Suber in
        1982, in reference to legal and constitutional systems, to designate
        precisely the sort of game or gamelike system in which the players have
        scope to change the rules.[5] Beyond this, it is necessarily somewhat difficult to
        generalize how nomic games work (as indeed this is up to the players)
        without resorting to group psychology or social dynamics. Although
        accounts of nomic games are not hard to locate on the Internet, they are
        nevertheless difficult to research, since as actually played they
        typically become highly introspective, self-involved, encumbered or
        elaborated with peculiar terminology (as nomic games are inevitably
        language and logic games, as well as opportunities for the display of
        linguistic prowess), and apparently all-consuming for their players
        (since they lack firm boundaries between game play and activities not
        within the game). Consequently, actual nomic games, even when their
        proceedings are archived in public, have a way of becoming insular and opaque.[6]

      But many activities or endeavors we do not ordinarily consider to be
        games are nomic in the sense Suber describes (which of course is what
        motivates his proposal). Indeed, the capability of defining their own
        boundaries by their rule-making activities might be an essential
        characteristic of cultural activities in general, considered as such,
        whether they be political and economic, artistic or creative, or
        technological. Herein lies much of the fascination of nomic games.
        Public institutions such as the law or commerce, which proceed in and by
        agreements among their participants, public and private institutions
        such as governments, clubs, corporations, and universities, are all
        characterized by the way their participants and stakeholders make and
        remake the rules of play, and sometimes challenge or avoid them. Art and
        poetry can be similarly identified with rules-making, to rhetorical and
        aesthetic ends. And so can technology, where the ends are practical and
        task- or (and) market-oriented. These various activities can be
        distinguished from one another by their various terrains – their
        material, social and economic contexts – as well as by the rules they
        follow and regulatory frameworks they enact. When we distinguish them in
        this way, we might almost be talking about games – a fact that has not
        escaped the notice of structuralist anthropologists.

      [image: Human culture and nomic games.]
          
        Many of the activities most distinctive of human culture and
          civilization, including law, technology, the arts, and various
          economic activities, may be thought of as nomic games. This etching by
          Blake both illustrates and exemplifies the principle of
          rule-making.

        
Figure 5.Human culture and nomic games.
      Yet even casual observation suggests some properties of such
        activities that distinguish them from more conventional games. Beyond
        the fact that we do not call them games or identify them
        as such except metaphorically (which we may do often), nomic games
        differ from conventional games in several respects, all of which have to
        do with how their boundaries are defined and maintained. For example,
        while ordinarily games are temporally ordered – either they proceed
        until a given conclusive state of play has been reached, at which point
        they end, or play continues for a definite and determined period until a
        score determines the outcome – nomic games, precisely since any rules
        governing time or sequence can be changed, tend to be temporally
        open-ended (even while there may be rules stipulating terms or rounds),
        and either unsustainable and short-lived, or interminable, sometimes
        making no provision at all for their own cessation. Also, conventional
        games are allogenic in the sense that they are motivated
        and staged by something outside them, whereas nomic games will be
        autogenic and even autopoietic (the term Maturana and
        Varela use to distinguish living systems as such), which
        accounts for their self-obsessed, self-consuming nature:
        nomic games frequently descend into rules lawyering. Perhaps most
        intriguingly, nomic games also tend to spin off or spawn other nomic
        games: they are replicative of themselves as well as mutable.

      Finally, just as it is difficult (for reasons discussed earlier) to
        apply the idea of cheating in game theory, the notion of
        cheating only applies with difficulty to a nomic game, but for the
        opposite reason: the rules of a nomic game are mutable and always at
        issue, so nothing is by definition out of bounds. A nomic game may, at
        one moment, define a rule space (in the sense of a set of lawful
        states), and at the next, redefine it. It may enter into a paradoxical
        state in which the nominal rule space has been violated, but the
        agreement to play has not been suspended, so the game continues. And it
        may retroactively change the rules to make earlier moves (transitions)
        or conditions (states) legal or illegal, in order to invoke or to avoid
        invoking regulatory action as part of the game play.

      To the extent that any game allows this (like professional bicycle
        racing, with its doping scandals) it is revealed as more nomic and less
        gamelike: players (a category which for these purposes will include the
        game's regulators, for example race officials and organizers) can take
        the rules into their own hands, and alter or break them, without ending
        the game. As long as as the agreement to play is sustained, even while
        the integrity of the game as a game (a transparent and
          fair competition) is compromised, as a nomic game (a
        self-sustaining but only relatively rules-bound
        activity), it may be reinforced. Thus, nomic games alter and stretch the
        notion of a game away from general principles of formal
        definition and into more socially located, problematic and provisional
        contexts. This helps account for why both games and nomic games, as
        actually played, are interesting, as each is always in the midst of
        becoming the other, in a Yin/Yang dynamic relation, in which
          cheating delineates precisely the in-between space
        where a game goes nomic (at the risk of collapse, if the agreement to
        play should become unsustainable), and where, conversely, an accusation
        of cheating may be a ploy that seeks to circumscribe a game-going-nomic
        back within the parameters of the game it is assumed or claimed to be –
        to regulate it.

      Indeed, to recognize this is to come some distance to understanding
        of why thinking about games is useful for understanding phenomena and
        problems in the real world, a place where mathematical
        regularity is as often the exception as it is the rule. We might say
        that the reason we can so easily compare real-world activities (such as
        real estate speculation or international relations) to games (such as
        Monopoly or Diplomacy) is that the purpose of games is precisely to
        offer and encourage such analogies. As rules-bound and regulated
        systems, games are like the real world, only more so, with the special
        advantage of being more clearly bounded, delineated and self-contained,
        and hence more observable and intelligible – which makes them suitable
        occasions for practicing skills and abilities that may be useful outside
        them. Yet paradoxically, part of their resemblance to real-world
        activities is in their capacity to fly off, to become something other
        than themselves. And it is when games become more serious, when the
        stakes go up, that they have this tendency most strongly.

      Yet just as games become more like nomic games as they become more
        serious and their players seek to take control of the rule space and
        shift it to their advantage, real-world nomic activities such as legal
        and political systems become more gamelike, more regular and
        rules-bound, as their participants find common interests in preventing
          ad hoc nomic redefinition on the part of other
        players, and in thwarting and punishing those who engage in it. That is,
        regulation spaces, both in games and in ostensibly more serious
        activities, are attempts to manage and control their nomic tendencies,
        to regularize and reduce complexity and seeming arbitrariness and
        instead offer systematic control or some sense of it. Intriguingly, such
        rules and regulations are what make game theory useful
        and relevant – at any rate, the kind of game theory we compulsively
        engage in as social animals, which is to say our more or less systematic
        reasoning about motives, options, objectives, tradeoffs, strategies and
        tactics. Within such systems (again, think of constitutional
        governance), although they remain nomic at their core, not just anyone
        is permitted to change the rules at any time, and there are complex
        rules, built-in checks, and regulation of regulations for determining
        who may engage in rules making, by what mechanisms, with whose
        participation or acquiescence, and within how wide a scope.

      Again, for our purposes (and at the risk of anticlimax), it hardly
        needs to be stressed how markup technologies fit into this description
        of things, as both a technological and a cultural and economic
        phenomenon. A successful markup practitioner will soon have the
        opportunity to participate in rules-making activities, whether that be
        defining a schema, implementing a production or processing framework
        (where we frequently discover a fine line between interpreting presumed
        rules and making new ones), or merely developing ad-hoc conventions to
        systematize identifiers and taxonomies. Even writing stylesheets for
        presentation (to say nothing of code that converts from one markup
        format to another) will entail making new rules and, sometimes, ignoring
        or breaking old ones, if only to handle anomalies and edge cases.
        Successful schema designers and software developers will be pulled into
        standards work, to help define standards by which systems may be
        specified and which conformant applications and implementations of a
        technology must reference. And so on.

      [image: Entailment between states and rule spaces in nomic games]
          
        In a nomic game, every game state also implies a rule space, since
          no game state can be fully specified without also specifying the rules
          at that point in the game.

        
Figure 6.Entailment between states and rule spaces in nomic games
    
  
  
    Making rules for markup

    To turn from the very abstract to the very concrete, three
      illustrations serve to demonstrate how applicable these concepts are when
      considering actual problems in and with markup technologies. The examples
      are all close to home. The reader can probably provide many more.

    
      Valid, but not useful

      Here is a valid fragment from a Balisage paper, valid
        being defined as conformant to the rules expressed in the
          Balisage
        DTD:
<personblurb>
  <para></para>
</personblurb>
A
        DTD can validate that an element is present, but not that it contains
        actual content. Even a schema language that can constrain the content to
        prohibit empty string values, such as XSD, cannot solve the general
        problem of ensuring that such content is correct or useful:
          XXX will usually suffice. In other words, schema
        validation is rather severely restricted in what kind of
          validation it can support.

      This much is evident to any XML veteran – so evident that we may
        have stopped noticing. And the boundary between the rules enforced by a
        schema, and the rules that remain the concern of authors and editors
        (the human kind), is one of the first things newcomers to XML must get
        used to. Even if it never becomes entirely clear exactly where this
        boundary is placed – and it does vary from one application and one
        validation technology to another (which makes things worse for the
        learner) – the simple fact that the boundary is there (and indeed may
        move) is an important one. The XMLer who never catches on that the
        machine can check some things, but not others, will always remain at a
        loss.

      What is at issue here is the authority and reliability of a schema
        as a regulator of rules. As such, practice shows that for a system to be
        sustainable, schemas – in addition to being well-fitted to the
        application(s) of the data, which should go without saying – must be
        consistent and as transparent as possible; hence the importance of
        documentation. Where they do not, in fact, enforce any meaningful
        constraints (such as the constraint that an author's biography should
        give some account of who the author is), users who are not experts in
        schema validation need to be helped to understand this. The differences
        between rules that are being validated, rules that might be validated
        but are not, and rules that cannot be validated by automated means, are
        often subtle.

      One of the most difficult myths to dispel among newcomers to markup
        has to do with this authority, and to what extent a schema can or should
        be relied on as a warrant for correctness or fitness. The notion that a
        schema, as a regulator, performs some sort of punitive function – a
        validation error being construed to be some kind of warning that a
        document is wrong, which it is only in a fairly narrow
        and entirely convenient sense (inasmuch as the rules enforced by a
        schema may be motivated only by the need for the system to ensure a
        certain level of predictability in the data) – is probably less accurate
        than an alternative idea that a schema is just a piece of equipment that
        helps make game play feasible, by supporting (encoding)
        the specifics of the agreement to play. In the game of tennis, the rules
        require a racket to be used, and kicking or throwing the ball is not
        allowed; this is not because there is anything wrong with kicking, but
        because this game (on this court, with this ball) is more fun for
        players and spectators when played with rackets. Maybe we should be
        teaching that schemas in XML are like tennis rackets for users, helping
        them get the ball over the net, rather than bludgeons used by developers
        to keep users in line.

      So, what is a document creator saying when he creates a
          personblurb element containing a para
        element with no content? Leaving aside the possibility that an empty
          para, particularly inside a personblurb,
        should be taken positively and frankly to assert there is nothing
          to say about this person, it is hard not to see this as a play
        of resistance (if that possibility does not in itself represent such a
        play). The schema says there must be an element here, and
        implies by the element's stated semantics (implicit in its name and
        perhaps explicit in documentation, as at
          http://www.balisage.net/DocumentModels/BalisageTL/index.html)
        that its data content should constitute some meaningful account of the
        document's author. But the document's actual tagging says, in effect,
          I see your personblurb element and choose to
          ignore it. The document is formally valid and enters the
        system. A warrant is made implicitly that information is given, which is
        missing. If, following the formulation of Sperberg-McQueen, Huitfeld and
        Renear, an element's semantics constitute the set of inferences
          licensed by the markup
        Sperberg-McQueen, et al. 2001, in the case of an
        element that is present with no meaningful content, an incorrect
        inference (there is a bio here) is being licensed;
        moreover, the more general capability to make such an inference when it
        needs to be made is confounded. And indeed, this much might be said of
        any case of tag abuse.

      The system maintainers then have a choice: either they redefine
        processing logic to allow for this information to be missing (by
        changing the schema, and perhaps introducing defensive processing logic
        that tests whether personblurb has any content before doing
        anything with it), which is as much to concede tag abuse as normal. Or
        they can validate the document further through some means other than the
        schema, such as a Schematron or an old-fashioned editorial process, and
        use this as the basis of a counter-move, returning the document to its
        originator for correction. Or they can do neither, and allow the system
        subtly to degrade.

      Sometimes system maintainers or process designers have no control
        over the data, and the third option is the only viable one. (One only
        needs to think of the history of HTML.) In this case, there may be
        system-wide changes in markup semantics as players (including document
        creators, publishers, systems developers, and tools vendors) learn how
        much (or rather, how little) they can trust, and make moves in response
        to one another.

    
    
      Look ma, no hands

      This problem of the role of the schema is also apparent, in a
        different way,
        here:
<!-- <!DOCTYPE HTML PUBLIC "-//W3C//DTD HTML 4.01 Transitional//EN"
                           "http://www.w3.org/TR/html4/loose.dtd"> -->
<HTML>
  <HEAD>
    <TITLE></TITLE>
  </HEAD>
  <BODY></BODY>
</HTML>

      Is this document valid? According to both SGML and XML, validity
        requires an associated document type declaration, and
        this document has none.

      Yet frequently, especially when working with other schema
        technologies, we work with documents that are not formally valid, but
        that would be when associated with their schema and validated, like the
        example above. Perhaps we might, in order to be clear, call such a
        document validable, to stress that it follows all the
        rules stipulated by its (presumed, but unassociated) schema, but
        actually has no formal association given, and can therefore not be valid
        in the strict sense.

      At this point, readers who are experts in XML-based systems probably
        want to introduce qualifications, arguments and counter-arguments. For
        example, the schema language RelaxNG stipulates no formal mechanism by
        which an association such as that not made by this fragment should be
        made. Does this mean that documents cannot actually be valid to RelaxNG
        schemas? Presumably, in the context of RelaxNG, the definition of
          valid must be taken to be more like
          validable in the sense just given. (W3C XML Schema
        Definition Language takes something of a middle course: it offers a
        mechanism for documents to invoke schemas but does not require that it
        be respected, saying it might be just a hint.)

      A similar problem arises when using XML catalogs, which can be used
        to intercept references to normative copies of schemas or DTDs and
        replace them at validation time with local copies. This is convenient
        because it reduces network traffic, but it introduces a source of
        potential error, in that if a local copy goes out of sync with a
        normative schema, local instances valid to it are not only not valid to
        the normative version (that is, to the schema actually named), they may
        not even be validable.

      This much would be merely an academic argument, were it not common
        practice for XML developers to remove or comment out references to
        schemas as in the case above (where in fact, the schema named in the
        comment is an SGML DTD). This might indeed be considered a hazardous
        practice, like riding a bicycle without a helmet, except that it appears
        to be mandated by XML itself, which does not require a DTD or schema for
        processing.

      At issue, again, is the question of who gets to make the rules –
        although this time, what we see is not the kind of power struggle within
        the game that is represented by tag abuse, but rather, a more
        fundamental difference in the way game regulators (in this case,
        schemas) are deployed on the game's terrain (the processing platform,
        which may be the entire network). The shift from SGML to XML, in which
        validation need not be performed, represents a highly significant shift
        in responsibility, from schema and system designers to local users and
        developers, who now get to determine whether and when to be valid at
        all, and (or) when to continue processing without schema validation (or
        any validation at all over and above syntactic well-formedness). This
        shift was possible for a number of reasons (including a number of
        syntactic restrictions and adjustments in XML to ensure that a
        non-validating parse would always be possible) and may have been
        intended primarily not as a way to increase options for users so much as
        for tool and application developers (since XML processing can, without a
        schema, be so much more lightweight). Yet it is highly
        consequential.

      Generally, any time code in the document is commented out, the
        intended audience for the document is bifurcated between those who can
        see and make us of the commented information (whoever works directly
        with the raw code, including the developer who makes the comment) and
        those who cannot (any downstream users who cannot see the comments, but
        more importantly, the processing system itself). Again, this is a play
        of evasion, although different from the case of an empty
          personblurb or title element, in that it is
        not the spirit of the rules that is being evaded or faked
          out, but the processing system itself.

      In this particular case (as long as the example is taken at face
        value), it is document validation that is being suspended. This may be a
        good or a bad idea; to determine which, we would have to know more.
        Either way, to allow (or require) documents themselves to carry the
        information that permits or implicitly requires them to be validated is
        itself a design decision on a meta-architectural level (a fact that
        RelaxNG and W3C XML Schema both recognize). Given XML's design, there is
        nothing here that actually prevents system designers from performing
        validation in any case, to any schema they choose. This single
        difference between SGML, where to comment out a DOCTYPE
        declaration would have been a futile gesture (preventing a fully
        conformant system from parsing the document), and XML, where it may (or
        may not) be a useful gambit, is one of the most important single reasons
        why XML can actually work on the web, a much wider, more open-ended,
        less well controlled and more resource-rich terrain than the systems for
        which SGML processing was developed.

    
    
      And what do we have here

      A final example is not an instance of game play in quite the same
        way as the previous two, but rather points to an issue in game design.
        Here's some code, valid to the NLM/NCBI schema (the text is from Bill
        Watterson's Calvin and Hobbes of May 27,
        1990):
<boxed-text>
  <speech><speaker>Calvin</speaker><p>I don't have to sing the song!
    I was in the "No Song" Zone!</p></speech>
  <speech><speaker>Hobbes</speaker><p>No you weren't. I touched the
    "Opposite Pole", so the "No Song Zone" is now a "Song Zone".</p></speech>
  <speech><speaker>Calvin</speaker><p><bold>I</bold> didn't see you 
    touch the Opposite Pole! You have to declare it!</p></speech>
</boxed-text>

      The interesting thing here (at least as far as the markup is
        concerned) is the boxed-text element. The semantics of this
        element are arguably underspecified. The text named by
        the element is presumably its data content, as is generally the case
        with descriptive markup. But this appears to be less descriptive, in the
        sense that it identifies the kind or type of text it marks, than
        presentational, asserting how it would appear in rendition. Yet it is
        also not clear whether it should be taken to be retrospective (the text
        appeared in a box in an earlier version) or prospective (the text should
        be placed in a box in a rendition generated from this markup). For the
        moment, we leave aside the possibility that boxed should
        mean something other than appears displayed in a
        box.

      Yet perhaps not. The formal element description given in the
        NLM/NCBI version 3.0 Tag Library is somewhat more specific but also
        problematic. It offers examples of what kinds of thing might be tagged
        as boxed-text, but directly answers none of the questions
        just posed:

          Textual material that is part of the body of text but outside
            the flow of the narrative text, for example, a sidebar, marginalia
            [sic], text insert (whether enclosed in a box or not), caution, tip,
            note box, etc.

        
Interestingly, this definition rejects the single thing we
        thought we knew about a boxed text, that it should appear in a box.
        Apparently the box is not a renditional box but some kind
        of abstract rhetorical artifact: we know only that this text is
          outside the flow of the narrative.

      What does this kind of markup say about itself; what licenses does
        it inference? Perhaps not much. Yet this is nevertheless more, I submit,
        than certain other escape hatch kinds of encoding, such
        as a TEI ab (abstract block), or an HTML
          blockquote. About these one cannot even say whether they
        are inside or outside the narrative flow. (In other
        respects these are of course not perfect analogues to
          boxed-text, for which either TEI or HTML might give
        better alternatives, but the point stands.)

      I would describe semantics such as NLM/NCBI boxed-text as
          soft, as distinct from (say) XSL-FO
          block[@border='thin sold black'][@padding='2em'], which
        is hard by virtue of being bound to certain application
        semantics. And yet the element semantics of boxed-text are
        not as soft as those of ab or blockquote
        (which indeed might have harder semantics if it had not been subject to
        widespread tag abuse: the more blockquote has been used for
        things other than block quotes, the less useful the element has become
        for marking block quotes as opposed to other things that look like
        them). Maybe the meaning of boxed-text ought to be
        considered pliable: hard enough to mean something in
        application, but soft enough to be flexible in use and indeed capable,
        in consonance with its application semantics, of expressing more than
        one meaning.

      How well this works is a matter of whether it sustains its semantics
        (such as they are) within its application domain. And since the purpose
        of the NLM/NCBI tag set, primarily, is to support the normalized
        aggregation into a single repository of data already marked up
        (typically by journal publishers), many or most of whose markup schemes
        have harder semantics of their own (usually but not
        necessarily display semantics), it has to establish a balance. When
        aggregating disparate data, to try to capture every detail of source
        encoding means risking both over-elaboration, and a failure in its goal
        of providing unified access and processing (a goal that is frustrated
        whenever there are many ways to do any given thing). But to erase the
        details of source encoding means, potentially, to lose information. The
        balance is in erasing incidental, insignificant differences and
        capturing meaningful ones. But ordinarily, the design of a tag set to do
        this has to be established up front, which is to say before the proper
        unification of data from disparate sources can be established (when this
        is even possible, which it may not be when source document types are
        themselves mutable and open-ended). The solution to this problem, as to
        many others related to it, appears to be in deploying a mix of element
        types, some of which are hard in the sense just
        described, and some of which are pliable or even soft, to serve as a
        kind of spackle or carpenter's putty (or the blank tiles in Scrabble or
        wild cards in poker). Indeed this is the case of all the tag sets
        mentioned here. HTML in particular is noteworthy for having taken on, in
        its history, both elements with harder semantics, such as b
        or i or the elements out of which browser forms are built,
        and softer ones such as div and span.

      That is, rules are given, but latitude is also given to the players
        of the game to interpret how to apply the rules within their own
        situations. If this balance is found, then play can continue, since
        players can adapt. If this balance is missed, then either an overly
        rigid scheme is the result, in which individual publishers and projects
        are unable to achieve local goals (and eventually have to shift or adapt
        their schema, contrive workarounds, or stop playing entirely), or we
        have chaos, a markup free-for-all in which people pretend to be working
        together but meaningful aggregation or interchange is impossible.

    
  
  
    What's the point?

    There are actually three sets of conclusions one might draw from this
      comparison, if not conclusively. That is, all these are directions for
      further thought and examination.

    
      The ethics of play

      All of the examples explored above serve as examples of a more
        general point, having to do with the way we make judgments, as we
        approach both large-scale and minute problems working with markup
        technologies – that is, as we face both strategic and tactical
        decisions. What is useful and interesting about a game is that it is
        both isolable and insulated from the world, and yet at the same time, a
        mirror or model of it. This makes a game a kind of a microcosm within
        which moves and manners have their own significance in relation to one
        another, making for a kind of ethical laboratory. To consider right and
        wrong in a game is not to consider right and wrong in the abstract: a
        game defines its own ethical universe, wherein (as long as the game
        itself is respected) virtue, if it is to be virtuous, is always aligned
        with some sort of victory – if only of the moral sort.
        (The very notion of a moral victory points to the paradox
        that even in defeat can be a kind of success.) In other words, we are
        interested in games because they are arenas for the display and
        recognition not of abstract goodness, but of virtue in
        something more like the Latin sense than the modern one – that is, of
          particular virtues, of strengths such as
        persistence, fidelity, ingenuity, generosity, prudence, integrity,
        imagination, versatility, elegance or what have you. Some of these
        virtues, of course, may contradict others, and on occasion they may even
        stand in the way of victory – which is exactly why they become
        interesting when demonstrated in game play. The way games serve not only
        as training grounds but as arenas for the demonstration of such virtues
        goes a long way to explaining why we find them so compelling. Nor is
        this unimportant. Different games will foster different kinds of
        behavior in their players, depending on what sorts of strategies and
        tactics lead to better outcomes within the game.

      Interestingly, to consider markup technologies in this light allows
        us to set aside from our consideration of markup-based systems, which as
        technologies, are social and economic and even political, rather than
        simply (like spectator sports) entertaining, the reflexive ethical
        judgements that so often seem to accompany them. For example, to prefer
        openly specified, standards-based technologies to proprietary
        alternatives, or to choose one tag set over another, is often if not
        usually characterized as a kind of ethical imperative. To use standard X
        or Y, in a standard way – or to be valid to a particular schema, or to
        use a particular schema language, or to prefer a certain processing
        platform, or a certain company's product – is considered
          good, and not to do so is condemned, stigmatized or
        derided as bad, without much reflection on why that
        should be. To see such a choice as a strategic or tactical decision
        within game play is both to relieve, and to resituate this ethical
        component. At one level, to prefer one schema (or schema language or
        naming convention or coding style or software product)`over another
        often seems to reduce to a kind of tribalism, the way the fans of one
        team or club must always show contempt for the fans of another; as such,
        a preference of this sort requires no explanation or apology beyond the
        play itself. Yet at another level, we can see that all such alignments
        have consequences in terms of strategy and the goals of a strategy, and
        as strategic choices, can make success in the game easier or harder to
        achieve – and not only because to make such a choice is to adopt the
        colors of one team and set oneself in opposition to others. One schema
        (to pursue that example) may actually be better suited than another to
        the task at hand. And yet, even when it is not, to forge a serviceable
        alliance with others who might help fit a particular schema to your
        purposes, may be to turn a tactical misstep into a strategic advantage.
        To understand such maneuvers as game play, rather than simply as
        conflicts of interest (although they are that), is to see how we can
        (and must) make sense of such complex considerations. In short,
        considering markup technologies as games can be a way of reframing our
        assessments and choices – this editing tool, that schema, even one
        pattern of tag usage versus another – within the assumptions,
        predispositions and prior commitments that otherwise drive them, to see
        how they might be more carefully considered and deliberate, less
        reflexive and driven by the demands of constituencies, audiences or
        authorities, even while those commitments remain real.

      This is important because it allows us to discriminate real ethical
        imperatives – here, real means outside the
          game, and has to do with conduct in the world – from fictive
        and factional ones that have only to do with the play. These are easily
        fused, and their fusion is easily recognized by anyone who does not have
        a stake in the game, but the very essence of play – to play with
        commitment, with heart – is to fail to recognize this distinction.
        Perhaps the best players make this commitment, identifying the good of
        their cause with the Good in the abstract; this helps motivate them. But
        the very best players might ultimately be those who are able to step
        away from it again, having won or lost, motivated only by love of the
        game itself, and having done what they could to make the game itself
        worth the playing, whatever the outcome.

    
    
      Lessons for practitioners

      Another reason the analogy is important is that it enables us, as
        practitioners of markup, to look to game design and game play for ideas
        about how to go about our work. There are three general characteristics
        of games, in particular, which might be considered by users and
        especially designers of technology. All of them, I submit, have been at
        the root of the success of the SGML family of markup technologies
        (including HTML and all XML-related technologies) over the last twenty
        years, and in particular of the most successful application built on
        this platform, namely the web itself.

      [image: Markup technologies on the web]
          
        A successful nomic game is one that both grows and spins off
          variations.

        
Figure 7.Markup technologies on the web
      
        Transparency

        An important element of a game is that it be transparent. We know
          who has done what – which players have performed which feats of
          strength, dexterity or cunning – and the game itself offers the frame
          within which we can interpret their motives. Of course this
          transparency need not be complete while the game is ongoing, inasmuch
          as a game can involve misdirection and subterfuge; but ideally,
          everything becomes clear by the game's conclusion. (Games like poker,
          where this is not always the case, demonstrate this principle by
          showing its limits.) To the extent a game is both complete (that is,
          well-defined) and transparent, it becomes a kind of self-contained
          demonstration of prowess that becomes worth playing, or worth
          watching, despite and because of its isolation from the larger
          world.

        As such, transparency is one of the main differentiators between
          games and real life. And it is by no means similarly necessary in the
          design of technology. Indeed, a technology might be defined as a
          process that is made deliberately opaque, at least some of the time,
          to at least some of its users or beneficiaries. (As Arthur C. Clarke
          famously suggested, Any sufficiently advanced technology is
            indistinguishable from magic. Motorists do not need to know
          how an internal combustion engine works in order to drive their cars.)
          Because markup-based information processing systems are ultimately not
          games, but technologies with application to real-world tasks, a
          requirement for transparency is perhaps not fundamental to them in the
          same way as it is in game design.

        Nevertheless it is an important consideration, especially when
          designing loosely coupled systems that are meant to be, by their
          adaptability and extensibility, the basis of positive-sum outcomes
          (that is, games where for one player to win does not mean others must
          lose). When hands are not hidden, participants have a better idea of
          whose interests are being served by decisions at all levels, and so
          they can be made with more consideration of all the tradeoffs. A more
          transparent game is one that is less about deception, guile, and
          intrigue (and perhaps assertiveness, knowledge and discretion), and
          more about consistent and plain dealing (at the risk of rigidity and
          insensitivity). Again, it is a matter of what kinds of virtue one
          wishes to cultivate.

        Even more basically, a game that is not transparent is one that
          will tend not to attract attention or interest from either audiences
          or potential players. This is related to the next point.

      
      
        Simplicity

        Similarly, the world defined by a game must be complex enough to
          be interesting but simple enough not to be simply bewildering. It may
          have a terminology or a language of its own (part of what makes a game
          both fun and learnable may be its distinctiveness), but it must be
          intelligible. The rules for beginners must be simple enough to follow
          even as beginners, even while our interactions with more elaborated
          rules, as game play continues, might also be part of the fun.

        We must not suppose that simple rules make for a simple game. Even
          straightforward combinatorial possibilities make a game like Go or
          chess imponderably complex and endlessly variable (that is, humanly
          endless if not mathematically infinite), despite rules that can be
          learned in minutes. And this is to say nothing of the possibilities
          that are opened when direct human interaction and negotiation are made
          part of game play.

        XML has become more complex since it was first sprung on an
          unsuspecting world, even in its core standards (schema languages,
          namespaces, APIs and data models, query and transformation languages),
          to say nothing of its applications. In itself, this is not necessary
          indicative of a problem. Such complexity in the standards
          (elaborations in the rules of the game), if it is a reflection of
          complexity in the problems they address, can serve, by reducing the
          need for purely local solutions to common problems, to reduce
          complexity in the system at large, and thereby open the game. Assuming
          a standard solution to a problem is a reasonably good one, everyone
          benefits by being able to use the standard. At the same time, complex
          problems are often best addressed by layering them, a fact that XML in
          its proliferation of different initiatives has taken advantage of. For
          example (as described above), by distinguishing markup syntax from
          tagging semantics more discretely than SGML had done, XML was
          simplified for the marketplace, where parser developers can now work
          without being directly concerned with application semantics. By
          separating these two games (following rules to interpret a character
          stream, vs. following rules for applying markup structures to solve
          problems in publishing or data processing), XML lowered the costs of
          adopting markup technologies for everyone.

        Yet even when it is moved to the system at large, such an
          elaboration of complexity becomes a barrier to play. XML is easier to
          use, but harder to understand, when every developer has to learn when
          and how to distinguish processing from
            parsing. (Indeed, there remain situations where the
          cost imposed by this distinction is too high and benefits accrue by
          ignoring it.) On the other hand, insofar as the game allows players to
          work such rules and principles out themselves, it also becomes a nomic
          one and this problem may paradoxically be exacerbated in the other
          direction, as players elaborate their own local solutions and
            speciation occurs. (Nomic games beget nomic games,
          games within the game, spin-offs, knock-offs, games in exile.) Either
          way, the capacity of the game to build upon and elaborate itself
          creates negative feedback, dampening play by increasing its costs to
          players, and sending prospective players away before they can even get
          started. Eventually, the casual player stands no chance, and only
          devotees may participate.

        In short, balance is called for. It is a truism of both
          mathematics and engineering that parsimony is a virtue, as in the
          quote attributed to Albert Einstein (mainly, it seems, because it is
          simplest to do so), that things should be as simple as
            possible, but no simpler.[7]

      
      
        Fun

        Another factor related to both of these is how much pleasure a
          game provides to its players and spectators. One characteristic of
          play in general (or so reports Stuart Brown) is that it is
          self-sustaining: play begets play, exercising us until we tire. And
          then when we have recuperated ourselves, we want to play again. In the
          cultural marketplace, what makes a successful game is that it is both
          fun for its players, and attractive enough to win new players.

        Of course, fun is impossible to define or even
          really characterize without delving into psychology or cognitive
          science. On the other hand, we can probably agree on two things: we
          can all look at our own experience to recognize what is fun; and
          whatever that is, we can also observe how it is not the same for
          everyone. Just as people have different learning styles, they find
          different things and different kinds of things to be fun. One
          important aspect of games as social phenomena is that they enable
          people who find similar things to be fun to have fun together, while
          those who don't find a particular activity to be fun can opt out of
          playing, or play a different sort of game.

        Technology, similarly, might be fun, and sometimes it is; or at
          any rate, there are people who have fun with it. (Those who find
          technology to be interesting and entertaining are also, evidently, the
          same people who enjoy certain sorts of games.) At the same time, there
          are others who would rather not think about technology, or a
          particular technology, at all. Of course, this brings us back to the
          transparency issue: technologies are fun when they help us think about
          what we enjoy thinking about, and don't demand we think about what we
          would rather not think about.

        Designers of markup technologies and their applications need to
          consider, like all designers, what kinds of problems their audience,
          stakeholders, and users want to have solved for them, and what kinds
          of problems they would rather (and might better) solve for themselves.
          A good technology will be one that is both fun (or satisfying) and
          useful to its users. This is a different design goal from simply
          solving a problem. Indeed, if technology designers find solving
          problems to be interesting and fun, why should they deny this
          satisfaction to others? We need to avoid situations where, in order to
          help, we have designed all the fun out.

      
    
    
      The big picture

      At Balisage 2008, Eduardo Gutentag drew attention to a paradox at
        the heart of XML. Its proponents have proposed as its raison
          d'être the principle that the encoding of an electronic
        document, inasmuch as it secures the document's intellectual content,
        must be accessible to the document's creator and indeed owned by the
        document's owner. Standards – which is to say, externally specified,
        published sets of rules that provide the basis for commodity markets in
        technologies and toolsets, so that the rules of the game are not
        absolutely controlled by proprietary interests, and anyone, at least in
        principle, can play – are critical to this accessibility. Yet the
        networked media that have been built on the foundation of open text
        encoding (that is, on XML and its sister, HTML, along with their
        associated specifications), allow and in fact foster a radically
        open-ended exchange of data that undermines the very premise that
        information may be owned. To be accessible to anyone is, in a certain
        respect, to be owned by no one, at least insofar as gaining access means
        gaining control, just as a ball, once the game has begun,
          belongs to anyone holding it. Given this tension, what
        will be the rules of this new information economy? Gutentag was not able
        to offer any definite prognostications.

      If space, time and materials are no longer factors (once the
        platform is in place, the cost of copying a document declines to nil),
        and technical barriers (such as copy-protection schemes or opaque,
        binary formats) are not interposed between users of information and the
        technical and material infrastructure within which that information is
        created, maintained, transmitted and manipulated, then seemingly only
        social and legal barriers remain to prevent me from appropriating your
        data however I see fit. And even if such social and legal means are
        introduced, they may not suffice, at least for the purposes of those who
        have depended in the past on maintaining some measure of exclusive
        control over information they have managed. More deeply and more
        problematically, however, if the rules of the game are part of the play,
        the game is a nomic one, and runs the risk of all nomic games, that in
        the process of self-reinvention it becomes unsustainable, collapsing in
        on itself. Then there can be no winners, at least until a new game
        emerges with new rules. These and related anxieties are at the heart of
        why, for example, Open Access policies, such as those now being
        developed at major universities, are so controversial.[8] On the one hand, producers of knowledge, such as researchers
        and scholars offered the opportunity (and perhaps the requirement) to
        make their work available through open access channels, have new and
        more powerful means of fulfilling their purpose of making their work
        available. On the other, to the extent that old institutional
        arrangements are imperiled (including implicit or explicit exchanges of
        value), so also are the securities offered by those arrangements.

      As legitimate as these concerns are, however, there is a deeper
        issue that may prove to be a critical determinant. The basis of the new
        information economy, if it proves sustainable (and it seems fair to
        expect that some sort of sustainable model will emerge), is and will be
        largely in non-proprietary technologies; sooner or later, this would
        seem to be necessary for a system that is truly global. Yet if the
        technologies grow so complex that to play XML, or to work with markup,
        means you have to devote a career to it despite its openness in
        principle, then the removal of merely legal encumbrances counts for
        less, and it is also up to us technocrats: our loyalties will determine
        what masters XML will serve. In that case, even in an open-access world,
        where theoretically anyone can play the game of publishing, not everyone
        will be able to play the game of technology that underlies and supports
        it (to say nothing of kindred activities such as data interchange,
        curation and archiving, aggregation and analysis), and a corporate
        oligarchy based on property rights will at best be replaced by a
        technological meritocracy based on access, education and knowhow. More
        likely, an uneasy hybrid between these two alternatives will emerge, at
        least until a new set of standards emerges to attract new players with
        new rules, more open to the self-taught. In any case, much depends on
        how markup technologies are promulgated: who teaches them, and who
        learns them, and for what purposes.

      [image: Markup technologies: stages of play.]
          
        Win a round, and you may be asked to help make the rules for the
          next one.

        
Figure 8.Markup technologies: stages of play.
      Since this is a game, in short, that is played for keeps, within a
        larger world with larger stakes, XML, the design of markup technologies
        and applications, and the promotion of digital literacy in general, will
        all matter, at every level. Whether you are designing a document, a tag
        set, a transformation, a publishing system, a schema language, a
        processing language, a standard, a standards organization or a corporate
        strategy, keep this in mind. It is up to you and how you play that will
        determine the character, if not always the outcome, of the game.
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Notes
This necessary limitation tends to be obscured by definitions of
          "game" offered by practitioners of game theory. For example:
            All situations in which at least one agent can only act to
            maximize his utility through anticipating (either consciously, or
            just implicitly in his behavior) the responses to his actions by one
            or more other agents is called a game
          Ross, Stanford Encyclopedia. This would certainly
          allow the treatment of open-ended systems within game theory; but when
          it comes to describing them, open-ended systems are always considered
          by game theory in terms of closed (definable) systems to which they
          are likened. That is, the claims of game theory to relevance are
          asserted by its comparison, implicit or explicit, of the well defined
          (what it calls the game) to the less well defined (what
          it calls the world). Accordingly and incidentally, game
          theory fails to distinguish what in common parlance we call
            games from just about any other activity in a social
          context, including markup technologies, because it is simply not
          interested in this distinction.

        The game designer Raph Koster puts his finger on this somewhat
          pointedly: game theory . . . has something to do with games, a
            lot to do with psychology, even more to do with math, and not a lot
            to do with game design. Game theory is about how competitors make
            optimal choices, and it's mostly used in politics and economics,
            where it is frequently proven wrong
          Koster 2004, p. 12. 

      
View note in Notes section
To defect, in game theory terms, is to choose not
          to cooperate, which may include adopting a strategy in opposition to
          the presumed terms of the game as a whole as well as to other
          participants.

      
View note in Notes section
A recent Scientific American article on doping in bicycle racing
          makes this point nicely when it treats cheating as a special kind of
          defecting Shermer, 2008. Indeed, by failing to
          account adequately for the possibility of doping in its actual
          incentive structure, professional bicycle racing nicely makes the
          point that game theory fits only awkwardly with games as they are
          commonly understood, since in order to apply game theory to bicycle
          racing (which it does fairly successfully), this article must
          distinguish between the sport that players pretend they are playing,
          and the sport as it is actually played. To describe the actual
          phenomenon and even, by extension, to prompt strategies for addressing
          it, game theory can be applied, as it can to many complex situations
          in economics and social life. But you will not find the rules of this
          game, as actually played, written up in any regulation manual. That
          is, the game of bicycle racing, which players pretend
          they are playing and which forbids the use of performance-enhancing
          drugs, exists only as a fiction and an ideal, and the actual game of
          interest to the analyst is a competition between racers, who wish to
          win races, and organizers, who wish to restrict the means by which
          racers may do so.

      
View note in Notes section
I am aware that an important question is begged, namely how we
          should define play. I leave this aside deliberately,
          not because it is not important but because it is.

      
View note in Notes section
The name is derived from the Greek nomos,
            for law, custom or
              convention, as in agronomy,
              astronomy or economy,
            and as distinguished from both Greek gnomê (a
            saying or something known) and Latin
              nomen (name).

        
View note in Notes section
To make matters worse, many of the archives of nomic games
            played on line in the past are no longer available, and links to
            them are dead. It may be that nomic games of the purer sort, as
            represented on line, were an outgrowth of a particular historical
            moment. In the mid-to-late 1990s, several circumstances including
            the emergence of a viable terrain (platform) for game play (namely
            the Internet itself) seem to have combined to stimulate a growth in
            interest in nomic games, which subsequently died back when the games
            themselves proved to be too insular, obscure and self-involved to be
            interesting to many for very long.

          It is perhaps to play theorists (a loose group that includes
            animal behaviorists, anthropologists, sociologists, psychologists,
            and educators) that one must turn for a wider understanding, since
            most play has nomic aspects. But here, researchers are generally
            interested not in nomic games as such, but rather in the contexts
            within which games occur and the purposes to which they are put.
            Hence they are not likely to make firm distinctions between nomic
            games and the fixed sort.

        
View note in Notes section
As described at
                http://www.entish.org/wordpress/?p=638, the
              attribution is apocryphal and the principle itself is widely
              expressed; but whoever did put it this way first is apparently not
              memorable enough to give the line any authority.

          
View note in Notes section
See, for example, Split Over Open Access in Inside
              Higher Ed (June 4 2009), at
              http://www.insidehighered.com/news/2009/06/04/open.
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            within which games occur and the purposes to which they are put.
            Hence they are not likely to make firm distinctions between nomic
            games and the fixed sort.

        

	[7]As described at
                http://www.entish.org/wordpress/?p=638, the
              attribution is apocryphal and the principle itself is widely
              expressed; but whoever did put it this way first is apparently not
              memorable enough to give the line any authority.

          

	[8]See, for example, Split Over Open Access in Inside
              Higher Ed (June 4 2009), at
              http://www.insidehighered.com/news/2009/06/04/open.
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Abstract
We present the multi-structured documents problem and offer an overview of existing solutions. We then notice that they do not consider the problem of constructing such documents. In this context, we use our experience with philosophers who are building a digital edition of the work of Jean-Toussaint Desanti, in order to present a methodology for the construction of multi-structured documents. This methodology is based on the MSDM model in order to represent such documents. Moreover each step of the methodology has been implemented in the Haskell functional programming language.
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Introduction

We introduce a new problem: the construction of multi-structured documents. The multiple uses of a same document have led to a proliferation of documentary structures (physical, logical, semantic, …). The definition of multiple structures for a same document introduced the problem of multi-structured documents [Multi]. It has to be analysed in his historical context where the most used formalisms for documents representation (first SGML then XML) implied tree structures. That is why this problem is often known as the overlapping hierarchies problem [overlap].

By studying the construction of multi-structured documents we are close to the daily practices of users who are writing documents.  Our work is based on experience gained working with philosophers who are building a digital edition of the handwritten archives of French philosopher Jean-Toussaint Desanti (1914-2002). Desanti is known for his epistemological work on the development of the mathematical theory of real variables functions. Digital edition covers the whole editorial, scientific and critical process that leads to the publication of an electronic resource.  In the case of manuscripts, it mainly consists in the transcription and critical analysis of digital facsimiles. Exchanging with managers of other similar digital edition projects, we found that the construction of multi-structured documents was at the heart of their work. A multiplicity of structures is needed in order to access a document according to many points of view. As we can see, our work does not only consist in the conception of a model for the representation of multi-structured documents, but must of all in the development of a methodology that promotes the emergence of multiple structures in a multi-users context.

We illustrate our purpose with the Figure 1 that represents a double page from some Desanti's notebook. On this image, the region named ZI represents a meaningful fragment of textual content that spans the two pages. So we face two concurrent hierarchies (that is to say two structures that cannot be represented through a single tree): the pages and the "regions of interest". We can also see equations (E1 and E2) that, even though they do not raise the technical issue of concurrent hierarchies, could belong to a third structure, the one of mathematical expressions. Thus, we not only have to offer a solution to the multiple hierarchies problem but also to conceive a methodology for the creation of multi-structured documents so as to assist the user in his modeling choices.

[image: Two pages from some Desanti's notebook]


Figure 1.Two pages from some Desanti's notebook


We propose a description of existing work for the representation of multi-structured documents. Then, we introduce with some details a peculiar model: MultiX². Finally, we use this model to propose a methodology for the construction of multi-structured documents.


Existing solutions for managing multi-structured documents

Approach

We divide into four classes the set of existing solutions for the
representation of multi-structured documents. First, an historical
solution: CONCUR, then ad-hoc solutions as proposed by the TEI (Text
Encoding Initiative) consortium, next models that are not compatible with
the XML language, finally those that are compatible with XML. This XML
criterion, even though strictly technical, is very important since most
communities working on the construction of documents and who could benefit
from the new perspectives we introduce, are already using XML vocabularies
and tools (they will, for example, follow the TEI recommendations).
Finally, each solution is analysed according to six dimensions:


	Expressiveness of the model determines if there is an explicitly
defined model for the static representation of multi-structured documents.


	Genericity of the model determines, when a model exists, if
it can be modified in order to manage problems outside of the initial scope of
multi-structured documents representation.


	Quality of the implementation takes account of the care taken to develop an
effective implementation


	Compatibility with XML tools determines if it is possible to integrate
the solution with the numerous existing XML tools used to manage XML
documents (especially typing tools such as XML Schemas, ...)


	Query mechanisms for multi-structured documents


	Change management in data or structures, determines if the model is
robust to change




An historical solution

CONCUR [concur] is an SGML option that allows multiple DTDs for the same
content. In such an SGML document, every structure lives in a same file. In
this file, a first structure is encoded in a standard way. For each
additional structure, a prefix is added to opening tags, in order to
determine which DTD defines this tag.


However, with the CONCUR option, we cannot establish relations
between structures. Moreover, as stated in [againstConcur], if two
elements from different DTDs describe the same region, tags order is
indeterminable. That is why this solution is rarely implemented, and even
Charles Goldfarb [againstConcur], the main architect of the SGML
standard, recommends to avoid its use.


The CONCUR option answers most of the problems raised by multi-structured
documents, but cannot establish relations between structures.
However, as an SGML integrated option, it doesn't meet the genericity
criterion. Moreover, there is no query mechanism. It should be noted, that
since there is only one document, changes in structures or data are
possible.

Ad-hoc solutions

The TEI (Text Encoding Initiative) [Tei] is a consortium developing
and maintaining a standard for the representation of electronic texts.
These recommendations are expressed as an extensible and well documented
XML Schema. Inside the recommendations, for each instance of the
multi-structured document problem, a local solution is proposed. Moreover,
in the last version of the recommendations, an entire chapter is devoted to a synthesis of
the ad-hoc solutions. They are four [Rose] [Multi]:


It is possible to duplicate the content for each tree structures … Poor
solution that prevents evolutions of the document.


Empty tags can be used (line break, page break, etc.). But
they prohibit us from using standard XML validation tools, or building a
schema that specifies the structure with empty elements.


For two concurrent structures that do not form a tree, we can divide one of
them into elements small enough to avoid overlapping with other
structures. The original structure can be rebuilt through well-chosen
attributes. As for the previous solutions, this one needs specific operations in
order to rebuild the original structures and does not allow us to use XML
typing tools.


Finally, we can isolate the content inside a so called base structure,
and build the documentary structures on top of it. This solution is
probably the most generic.

XML incompatible models

TexMECS

Instead of using existing languages, new syntaxes can be defined. MECS
(Multi-Element Code System) [mecs] was the first language to allow
overlapping of structures. TexMECS [texmecs], based on MECS,
is much more expressive. It allows us to define complex structures where
an element can have multiple parents. The MECS model is expressive enough
to answer the classic problems raised by  multi-structured
documents, but is too complex in order to satisfy the genericity criterion.
Moreover, it does not come with query mechanisms.

LMNL

LMNL (Layered Markup and aNnotation Language) [lmnl] defines a
specific syntax based on a notion of interval that allows the encoding of
multiple structures with overlapping elements. This is only a syntactic
solution that does not propose query mechanisms. As for the previous
solution, since the structures are encoded inside a single document, change in
data or structures is possible. These two solutions are quite complex
and not compatible with the XML tools and remained at an experimental
stage.

Annotation graphs

Annotation graphs [annotationGraphs] has been developed in order to
model linguistics phenomena (phonetic, prosody, morphology, syntax, ...).
If we consider these domains as distinct structures, then annotation graphs
are a valid solution to the multi-structured documents problem. As shown on
Figure 2, the same textual fragment can be annotated
by elements from different structures.

[image: Annotation Graph]


Figure 2.Annotation Graph


Nodes granularity is the word, or even the character if necessary. Labels on edges
indicate the structure (eg S2:M for the words, S1:L for the lines).
Since structures share the same graph, their update is not a problem.
Moreover, a minimal query language has been developed for this kind of graph
[annotationGraphsQuery]. The underlying model being a graph, it is
expressive enough to answer the multi-structured documents problem. But, strongly oriented toward linguistic, it lacks genericity.

RDF graphs

The RDF (Resource Description Framework) graph formalism is able to
represent multi-structured documents [Rdf]. This method is similar to
the previous one, but relies on a generic graph model.
Standard query tools for RDF graphs (eg SPARQL) can be used, but complex
queries can be difficult to formulate. Although RDF is serializable in XML,
the use of standard XML tools is problematic because they work on tree
structures. Finally, change management is possible since structures and
data share the same graph.

XML compatible models

MuLaX

MuLaX [againstConcur] is the adaptation of the SGML CONCUR option to
the XML formalism. This is a documentary format that allows to unify XML
documents sharing the same content in a single document. In order to
differentiate annotations levels, the tags are prefixed by a structure
identifier. This solution lacks genericity since a specific editor is
needed in order to interpret the produced documents. As for the CONCUR
option, changes in structures or data are possible since there is one
single document. No query operators has been defined, but the authors
explain that it should be possible to build path expressions similar to
those found in XPath.

GODDAG

[GODDAG] presents a solution based on the GODDAGs (General Order
Descendant Directed Acyclic Graph) to represent multi-structured
documents. This graph model is a solution to the overlapping hierarchies
problem. In order to query those documents, the author developed an XPath
extension. This extension takes into account new kinds of relations between
elements of distinct structures. This model cannot manage generic relations
between structures. It is possible to import (or export) from (or to) the
XML formalism. With this model it is possible to manage change in
structures.

MCT

The MCT (Multi-Colored Trees) model [mct] is an extension of the XML
model that allows us to represent multiple trees sharing the same
content. It relies on the tree coloring technique. A color is associated with
each tree. A node may have multiple colors: the color of the main tree to which
it belongs and colors for other trees. Figure 3 illustrates this model with an example of manuscript transcription. We see that three of the units nodes share two colors: one for the semantic structure and another one for the physical structure.

[image: Colored Trees]


Figure 3.Colored Trees


The navigation in the multihierarchy is possible by means of the
multicolored nodes. To navigate between colors, the authors extend the
notion of step in XPath. An extension of
XQuery is also proposed for the creation of nodes.
Concerning updates, the authors explain that the extension of a
language such as XUpdate is possible by using the XPath extension that they propose. The
underlying model is neither expressive nor generic enough since it imposes
an isomorphism of data segments (data segments must be of the same type:
word, character, etc.).

MSXD

MSXD (Multi-Structured XML Documents) [MSXD] is a representation model
for multi-structured documents that comes along with an XQuery extension. It allows
users to annotate the structures. Moreover a draft of a multi-structured
documents schema is introduced. However the need to define a large number
of relations between structures makes the model difficult to use.
Furthermore, it is not possible to manage changes in data or structures.

Delay Nodes

Jacques LeMaître [delay] proposed to add a new type of node to the
XDM model on which are based XPath and XQuery. Those nodes are a virtual
representation as an XQuery query of some of the child nodes of their
parent node (see Figure 4). The underlying multi-structured documents model is very similar to the one
of Multi Colored Trees (see Figure 5) where documents
are considered as a set of XML trees. But no
XPath or XQuery extensions are necessary in order to navigate inside these
structures. However, with this approach, it is not possible to reach the
parents of a delay node but only to navigate among the descendants.

[image: Delay nodes]


Figure 4.Delay nodes


[image: Delay nodes underlying MSD model]


Figure 5.Delay nodes underlying MSD model



MonetDB/XQuery

MonetDB/Xquery is a XML SGBD. It has an extension [Monet] for managing
multi-structured documents thanks to the stand-off markup technique.
Optimized query operators has been developed, but no model is truly
defined, only an informal description is proposed (as for the TEI
solutions).

MSDM, MultiX

MSDM [Multix] is a model used for the representation of
multi-structured documents written by N.Chatti. An instance of this model,
called MultiX, is expressed in the XML formalism. It belongs to the category of
stand-off markup solutions where content is isolated
in a base structure, and documentary structures are built by references
to the base structure.


In this model, a document is a graph D composed of:


	a set of nodes BS also called the base structure


	a family (DSj) j ∈ J of trees also called documentary structures




Moreover, ∀ j ∈ J, there is a relationship Rj that associates
each node of DSj with a subset of BS ; for each leaf of DSj
this subset must be non empty. Figure 6 illustrates each element
of the model.

[image: Illustration of the MSDM model]


Figure 6.Illustration of the MSDM model


Finally, it should be noted that only nodes from the base structure have an
associated content and depend on the data types (text, movies, etc.). In
the case of textual data, a string of characters, called fragment,
is associated with each node of the base structure.

Summary

Figure 7 summarises the analysis by affecting, as objectively as
possible, a score from 0 to
3 to each criterion (model expressivity, quality of implementation, use of
standard XML tools, query mechanisms, management of changes in data and
structures) and for each solution. For readability, maximum scores have
been underlined.

[image: Rating of existing solutions to the multi-structured documents problem]


Figure 7.Rating of existing solutions to the multi-structured documents problem


We now introduce a new instance of MSDM, called MultiX² that
will allow us to represent multi-structured documents.

MultiX², a model for the representation of multi-structured documents

MultiX² is an instance of MSDM that favors the W3C recommendations (we
make use of the XInclude Standard for linking documentary structures and
the base structure) to the specific mechanisms used by MultiX. We chose MSDM as the representation model on which we built our methodology since, based on the stand-off markup technique, it was simple enough and yet well defined (moreover, it is referenced by the
fifth edition of the TEI guidelines).

We illustrate this instance of the MSDM model on an example taken from the Jean-Toussaint Desanti's
Archive (see Figure 1). We see two pages from a notebook with
a region of text that overlaps the two pages. Moreover it should be
noted that mathematical equations appear inside this philosophical text. We distinguish two structures. First, the physical structure of pages:


  <s1>
    <page>Autrement dit la distinction signe-signifie ...
      Remarque,
    </page>
    <page>ce discours, ...
      par ex le discours 3 + 2 = 0 - 1 est-il un texte ? ...
    </page>
  </s1>

Then, a logical structure of regions of interest:


  <s2>
    <p>Autrement dit la distinction signe-signifie ...</p>
    <p>Remarque, ce discours, ...</p>
    <p>par ex le discours
      <eq>3 + 2 = 0 - 1</eq> est-il un texte ? ...</p>
  </s2>

We build the base structure by identifying the shared fragments from the
two documentary structures:


  <seg xml:id="F1">Autrement dit la distinction signe-signifie ...
  </seg>
  <seg xml:id="F2">Remarque, </seg>
  <seg xml:id="F3">ce discours, ...</seg>
  <seg xml:id="F4">par ex le discours </seg>
  <seg xml:id="F5">3 + 2 = 0 - 1</seg>
  <seg xml:id="F6"> est-il un texte ? ...</seg>


We use the XInclude standard in order to replace the content inside
documentary structures by references to the base structure. First, the
physical structure:


  <s1>
  <page>
    <xi:include href="base.xml" xpointer="element(F1/1)"/>
    <xi:include href="base.xml" xpointer="element(F2/1)"/>
  </page>
  <page>
    <xi:include href="base.xml" xpointer="element(F3/1)"/>
    <xi:include href="base.xml" xpointer="element(F4/1)"/>
    <xi:include href="base.xml" xpointer="element(F5/1)"/>
    <xi:include href="base.xml" xpointer="element(F6/1)"/>
  </page>
  </s1>


Then the logical structure:


  <s2>
  <p>
    <xi:include href="base.xml" xpointer="element(F1/1)"/>
  </p>
  <p>
    <xi:include href="base.xml" xpointer="element(F2/1)"/>
    <xi:include href="base.xml" xpointer="element(F3/1)"/>
  </p>
  <p>
    <xi:include href="base.xml" xpointer="element(F4/1)"/>
    <eq>
      <xi:include href="base.xml" xpointer="element(F5/1)"/>
    </eq>
    <xi:include href="base.xml" xpointer="element(F6/1)"/>
  </p>
  </s2>



We can use standard XML tools in order to validate the documentary
structures. We build queries thanks to specific XQuery functions originally
built for the MultiX formalism. Below, a query that finds regions of
interest overlapping on two pages:


  let $physique := doc("physique.xml")
  let $logique := doc("logique.xml")
  for $page in $physique//page,
      $para in $logique//p
  where multix:share-fragments($page,$para) and
        not(multix:include-content-of($page,$para))
  return $para


And the result will be:


  <p>Remarque, ce discours, ...</p>


The share-fragments(a,b) function checks if elements a and b have at least
one fragment in common. The include-content(a,b) function checks if every
fragment composing element b also compose element a.

A methodology for the construction of multi-structured documents

We will use the MSDM model in order to introduce the construction of
multi-structured documents. We claim that the study of the construction of documentary structures is a way to approach the user interpretation of a document. For example, numerous critical edition
projects begin with manuscripts images they then transcribe and annotate.
During these operations, the documents will be manipulated by numerous users
and under a multiplicity of perspectives that mostly depend on how the
documents are used. However, within the limits of today systems dedicated to the
creation of documents, most of these diversified perspectives will remain
inaccessible, buried in users minds. We claim that, in the
context of the creation and annotation of documents, most of these hidden
perspectives can be revealed by the differentiation of structures. This
differentiation is an operation that splits an annotation vocabulary into
sub-vocabularies, thus adding a new structure to the document. Thereby, the
methodology we now present promotes the construction of a multiplicity of
structures that should reflect the perspectives adopted by the users while
accessing the documents. This methodology consists of three categories of
methods:


	detection of needed restructuring and automatic
differentiation of structures. As we will see, the overlapping hierarchies
problem becomes an element of this category of methods.


	execution of the dynamical interpretant of the confrontation of
a user with the results of automatic restructuring. Dynamical
interpretant is a term belonging to C.S. Peirce's terminology that will be
explained in a next section.


	creation of a social network of documents authors
in order to encourage argument about and sharing of annotation vocabularies




Restructuring stage

We analyse the conditions under which it is necessary to build a new
documentary structure and we define the underlying functions performing
this task.

Illustration

For clarity, and since we know the field, we use an example taken from
critical electronic edition of manuscripts. We suppose that for the
transcription of a manuscript the researchers have on hand the elements defined by the TEI.  From the previous
example: pages, region of interest and equations have been correctly tagged  until a region overlaps two pages
(see dotted edges of Figure 8).

[image: Restructuring is necessary (a paragraph overlaps two pages)]


Figure 8.Restructuring is necessary (a paragraph overlaps two pages)



It is then necessary to distinguish two
structures. The creation of a new structure is a purely formal operation
(see Figure 9) consisting in the
transformation of a graph into two trees.

[image: Automatic restructuring (two structures are distinguished)]


Figure 9.Automatic restructuring (two structures are distinguished)



Functions for restructuring

We now describe the functions that perform these restructuring operations.
We are using the Haskell pure and statically typed functional programming language [Haskell]. As a pure language, Haskell keeps side effects under the control of a class of type constructor called Monad, in practice this allows us to ensure that a valid document will always be transformed into a valid document. Since our methodology introduces numerous document transformations, this property is very interesting. All the
necessary notions for the understanding of the code will be provided. But not all functions definitions will be given.
Moreover the main purpose of showing these functions is to give a proof of the
feasibility of our methodology.


We need two helper functions, if' for boolean conditions and add for
the addition of a new element at the end of a Map. A Map a b is a
structure of elements of type b indexed by element of type a.
From the signature of if' we learn that the function takes
three arguments, the first argument being a Boolean value. if'
True is a two arguments function that evaluates its first argument (the second argument will never be evaluated), while if' False is a two arguments function that evaluates its second argument (the first argument will never be evaluated).


-- This is a comment
-- A function is described by its type signature: the list of the types of its
-- arguments and of thereturned value separated by the symbol: '->'.
-- For example, the addIntegers function would have the signature:
addIntegers :: Int -> Int -> Int
-- and the definition:
addIntegers a b = a + b
-- Moreover, functions are curried, so (addInteger 2) is a function of type:
(addInteger 2) :: Int -> Int
-- Finally, we will:
--   * use some primitive types :
--       - Bool (with the only two constructors True and False)
--       - Int
--   * use the list constructor:
--     [Int] is the type of a list of values of type Int
--   * define data types:
data Interval = Interval {
  start :: Int
  ,end  :: Int
}
-- now Interval is a function (also called a constructor) of type:
Interval :: Int -> Int -> Interval
-- start is a function of type:
start :: Interval -> Int
-- end is a function of type:
end :: Interval -> Int

--   * define shortcuts for existing types:
type Tags = [Tags]
-- Tags is now a synonym for [Tags] (list of Tags)

if' :: Bool -> a -> a -> a
if' True x _ = x
if' False _ y = y

add :: a -> Map Int a -> Map Int a


We first define our main data types. A Tag is composed of an identifier
and a list of attributes. We also have a data structure associating
each tag identifier with a name and a list of default attributes. A
Taggee is the application of a Tag to an interval of characters of the
studied text. A Structure is a named map of taggees. A Document is the
association of a text and a map of structures.


data Interval = Interval {
  start :: Int
  ,end :: Int
}

data Taggee = Taggee {
  tag :: Tag
  ,interval :: Interval
}

data Structure = Structure {
  name :: String
  ,taggees :: Map Int Taggee
}

type TagId = Int

data Tag = Tag {
  tagId :: TagId
  ,atts :: Map Int String
}

type Tags = [Tag]

type Text = String

data Doc = Doc {
  text :: Text
  ,structures :: Map Int Structure
}


We also need functions for simple interval algebra.


overlaps   :: Interval -> Interval -> Bool
isIncluded :: Interval -> Interval -> Bool
includes i1 i2 = isIncluded i2 i1
inside     :: Int -> Interval -> Bool
ilength    :: Interval -> Int
isort :: Interval -> Interval -> (Interval,Interval)

-- The exclusive OR of interval overlapping :
overlapExclusion :: Interval -> Interval -> (Interval,Interval)

-- less than:
ilt i1 i2 = (end i1) < (start i2)
-- greater than :
igt i1 i2 = (start i1) > (end i2)

-- shifting an interval:
ioffset :: Interval -> Int -> Interval
startBefore :: Interval -> Interval -> Bool
equals :: Interval -> Interval -> Bool
isPrefixOf :: Interval -> Interval -> Bool
isSuffixOf :: Interval -> Interval -> Bool


The addTag function tries to add a tag to a structure, if the addition
does not imply overlapping then the modified structure is returned, else a
pair of structures is returned: the first structure is the original one
except that every instances of the added tag have been
transfered to the second structure. In a similar way, the $delTag$ function
removes the instance of a given tag from a selected interval and may imply
overlapping thus the type signature.


-- partition the map according to a predicate:
partition :: Ord k => (a -> Bool ) -> Map k a -> (Map k a, Map k a)
elems     :: Map k a -> [a]

-- function application:
$ :: (a -> b) -> a -> b
-- function composition:
. :: (b -> c) -> (a -> b) -> a -> c

-- map f xs is the list obtained by applying f to each element of xs:
-- map f [x1,x2,...,xn] == [f x1, f x2, ..., f xn]
map   :: (a -> b) -> [a] -> [b]
-- foldl, applied to a binary operator, a starting value, and a list, reduces
-- the list using the binary operator, from left to right:
-- foldl f z [x1,x2,...,xn] == f (f (f (f z x1) x2) ...) xn
foldl :: (a -> b -> a) -> a -> [b] -> a

-- The Either type represents values with two
-- possibilities: a value of type Either a b is
-- either Left a or Right b

addTag :: Taggee -> Structure -> Either (Structure,Structure) Structure
addTag t (Structure n s) =
let (s1,s2) = partition ( ( (tagId $ tag t)== ) . tagId . tag ) s in
if' ( foldl (||) False $ map (overlaps (interval t) . interval) $ elems s )
    ( Left  ( Structure n $ add t s1, Structure n s2 ) )
    ( Right ( Structure n $ add t s ) )

delTag :: Interval -> TagId -> Structure -> Either (Structure,Structure) Structure


Finally, the user must be able to add or remove textual data. This is the
purpose of the addText and delText functions.


-- split a list in two:
splitAt :: Int -> [a] -> ([a], [a])

fst  	  :: (a, b) -> a
snd  	  :: (a, b) -> b

addText :: Int -> String -> Doc -> Doc
addText i s d =
 let t    = text d
    split = splitAt (i-1) t
    t'    = fst split ++ s ++ snd split
    sts   = structures d
    sts'  = map ( addCharInS i (length s) ) sts
    in Doc t' sts'

addCharInS :: Int -> Int -> Structure -> Structure
addCharInS i size (Structure n s) =
 Structure n $ map ( \t ->
  if' ( i `inside` (interval t) )
      t{interval = Interval (start $ interval t) $
                            (end $ interval t) + size}
      t ) s

delText :: Int -> Int -> Doc -> Doc


Integration of the user in the restructuring process

Illustration

The automatic restructuring introduced above can be the occasion for a
user to make modeling choices. For example, he can ask for the
creation of a new mathematical structure for the equations and rename the
structures (see Figure 10).

[image: Intervention of a user (Three structures are named and distinguished)]


Figure 10.Intervention of a user (Three structures are named and distinguished)



Functions for user integration

moveTag is the main function offered to the user for reacting to the automatic
restructuring, it allows him to move all the instances of a tag from one
structure to another. The function may fail if it introduces
overlapping hierarchies.


-- case analysis for the Either type
either :: (a -> c) -> (b -> c) -> Either a b -> c

-- the constant function
const :: a -> b -> a

-- foldr, applied to a binary operator, a starting value, and a list, reduces
-- the list using the binary operator, from right to left:
-- foldr f z [x1,x2,...,xn] == f x1 (f x2 (... (f xn z)))
foldr :: (a -> b -> b) -> b -> [a] -> b

moveTag :: TagId -> Structure -> Structure -> Maybe (Structure, Structure)

moveTag id s1 s2 =
 let (ts',ts'') = partition ( (==id) . tagId . tag ) ( taggees s1 )
     f :: Taggee -> Either (Structure, Structure) Structure ->
          Either (Structure, Structure) Structure
     f t ( Right s )       = addTag t s
     f t ( Left (s1, s2) ) = Left (s1, s2) in

 if' ( null ts' || null ts'' ) Nothing $
 either ( const Nothing )
        ( Just . (,) ( Structure (name s1) ts' ) ) $
        foldr f (Right s2) $ elems ts''



Recommendation system for documents authors

We now try to involve even more the author of a document in the process of
maintaining a coherent multiplicity of structures. This is why we promote the
emergence of a social network of documents authors. The recommendation
mechanism that allows us to build this network define two users
as closed, insofar as they are editing specific documents, if the implied
tags trees of their structures are similar. We first give an example of
this process and then define the structures and functions used to implement
it.

Illustration

We imagine three users who create documents containing
mathematical notations. For each of them, a mathematical structure emerged
from their operations of annotation (as described in the previous sections).
Users 1 and 2 have already decided to merge their tag hierarchies. The tag
hierarchies are given below:



	Users 1 and 2	User 3


	
  
  	theorem

    
    	statement


    	proof


    

  

  	lemma

    
    	statement


    	proof


    

  

  	cocycle


  	cobordism


  

	
  
  	proposition

    
    	proof


    	operators


    

  

  	cohomology

    
    	cocycle


    

  

  







If these two hierarchies were detected as similar enough, each user would
be proposed to ask the other users the authorization to merge their
hierarchies. Thus, communities of users appear, centered on their
annotation practices. In this previous example, users seem to
work on the same kind of documents, but the perspective of user 3 may be formal logic
whereas users 1 and 2 refer to a more traditional vocabulary for the
description of proofs. Since the tips the
users receive while annotating a document come from the hierarchy of tags
associated with the current structure, once the merge is accepted, the users may align their
annotation vocabularies or at least question their practices.

Functions for promoting users interactions

We define a new data type (TagStruct) in order to link each tag used for
the annotation of a document with its possible descendants. Thus, while a user is
annotating a document we can give him hints about the
next tag to choose, based on this new structure and its current position in the text. We also
update the Structure data type to link to the corresponding
implied tag structure. For this linking to be possible, we maintain a map
(of type TagStructs) of the implied tag structures.


type TagStruct = Map TagId [TagId]
type TagStructId = Int
type TagStructs = Map TagStructId TagStruct

data Structure = Structure {
  name :: String
  ,taggees :: Map Int Taggee
  ,tagStructId :: TagStructId
} deriving (Show)


We have to modify the addTag function in order to update the linked structures of
tags:


addTag :: Taggee -> Structure -> TagStructs -> Either (Structure,Structure, TagStructs) (Structure, TagStructs)
addTag t (Structure n s tagStructId) tagStructs =
  let tId = tagId $ tag t
      (s1,s2) = partition ( (tId==) . tagId . tag ) s
      s' = Structure n (add t s) tagStructId
      (tagStructIdS2, newTagStructs) = addTagStruct tagStructs in
  if' (
        foldl (||) False $
        map (overlaps (interval t) . interval) $
        elems s
      )
      (
        Left ( Structure n (add t s1) tagStructId,
               Structure "" s2 tagStructIdS2,
               delTagFromTagStruct tId tagStructId newTagStructs )
      ) $
      Right ( s', addTagToTagStruct tId (parentId t s') tagStructId tagStructs )

addTagStruct :: TagStructs -> (TagStructId, TagStructs)

delTagFromTagStruct :: TagId -> TagStructId -> TagStructs -> TagStructs

addTagToTagStruct :: TagId -> Maybe TagId -> TagStructId -> TagStructs -> TagStructs

parentId :: Taggee -> Structure -> Maybe TagId
parentId t s = maybe Nothing (Just . tagId . tag) $ parent t s

parent :: Taggee -> Structure -> Maybe Taggee


Note that Haskell is a pure functional programming language and as such does not allow side effects. That is why, in the previous functions when we had to manage some kind of shared data structure of type TagStructs, we passed it between functions by the way of an extra parameter. Haskell has a data type design pattern called monad that offers a much nicer solution, but we kept with the basics so that the link between the two previous sections remained obvious.


We finally have to compute the distance between every pair of implied tag
structures. We choose a very straightforward editing distance equals to the
number of "add" and "delete" operations needed to transform one set of tags
into another. It does not take into account the structure of the tags and
has for only purpose to guide the user towards other possibly similar
tagging practices. In our current implementation, the distances computation is a
daily batch process.


type Recommendations = Map TagStructId (Map TagStructId Int)

distance :: TagStruct -> TagStruct -> Int
distance ts1 ts2 =
  let k1 = keys ts1
      k2 = keys ts2
      intersize = length $ intersect k1 k2 in
  (length k1 - intersize) + (length k2 - intersize)

distances :: TagStructs -> Recommendations
distances tss = mapWithKey (\k ts -> map (distance ts) $ delete k tss) tss


Peirce's terminology

We now present the theoretical ideas that gave us the
opportunity to develop our methodology. Indeed, in order to explore the
dynamical aspects of multi-structured documents creation, and not only the
static problem of representing such documents, we needed new tools that
could allow us to think of a maintained multiplicity of structures. We
found them in C.S. Peirce. The
introduction of the dynamical interpretant as part of the notion of sign
received our full attention. In order to define this notion, we quote
Peirce [peirce1]:


…suppose I awake in the morning before my wife, and that afterwards she
wakes up and inquires, "What sort of a day is it?" This is a sign, whose
Object, as expressed, is the weather at that time, but whose Dynamical
Object is the impression which I have presumably derived from peeping
between the window-curtains. Whose Interpretant, as expressed, is the
quality of the weather, but whose Dynamical Interpretant, is my answering
her question. But beyond that, there is a third Interpretant. The Immediate
Interpretant is what the Question expresses, all that it immediately
expresses, which I have imperfectly restated above. The Dynamical
Interpretant is the actual effect that it has upon me, its interpreter. But
the Significance of it, the Ultimate, or Final, Interpretant is her purpose
in asking it, what effect its answer will have as to her plans for the
ensuing day. I reply, let us suppose: "It is a stormy day." Here is another
sign. Its Immediate Object is the notion of the present weather so far as
this is common to her mind and mine - not the character of it, but the
identity of it. The Dynamical Object is the identity of the actual or Real
meteorological conditions at the moment. The Immediate Interpretant is the
schema in her imagination, i.e. the vague Image or what there is in common
to the different Images of a stormy day. The Dynamical Interpretant is the
disappointment or whatever actual effect it at once has upon her. The Final
Interpretant is the sum of the Lessons of the reply, Moral, Scientific,
etc.



Elsewhere [peirce2], we find this definition of the sign: By a sign I mean any thing
which is in any way, direct or indirect, so influenced by any thing (which
I term its object) and which in turn influence a mind that this mind is
thereby influenced by the Object ; and I term that which is called forth in
the mind the Interpretant of the sign.


That being said, we take as a sign the presentation to the user of a
restructuring, and try to analyze it thanks to Peirce's categories :


	immediate object: the actual presentation of an automatic
restructuring


	dynamical object: the impression the user may have derived from
looking at the automatic restructuring presentation


	immediate interpretant: validity of the restructuring


	dynamical interpretant: user answer to the restructuring
presentation in terms of the operations (and the ways to combine them)
offered by the computer


	final interpretant: effect of the operations engaged by the
user





We can replay this analysis but this time taking as a sign the previous dynamical
interpretant (we are allowed to take this step by the very nature of the
sign: every sign is linking to another one ad libitum:


	immediate object: the multiple structures of the document


	dynamical object: the operations to be applied on the
multi-structured document


	immediate interpretant: execution of the operations


	dynamical interpretant: effect of this particular choice of
operations in this particular context


	final interpretant: effect the presentation of the computer
analysis  of the user interactions will have on the user





First of all, the linked nature of the sign gave us the idea of introducing the user at
the heart of the restructuring process. Moreover, being able to see the dynamical
interpretant as a producer of new signs gave us the idea of the
construction of a social network of documents authors, the documentary
structures being used as a social glue.



A prototype implementation of the methodology

We provide all the functions introduced above as a Web service that follows
the REST [Rest] design pattern. In the context of this paper we cannot
fully describe this Web service. We only give as an example the HTTP
operation used for tagging a new "equation" in the mathematical structure
of a notebook. All we have to do is send a POST request to the resource
identified by the URL http://desanti.org/cahiers/148/structures/math/taggees with a body of:


  <taggee>
    <tag name="equation" />
    <interval start="14" end="26" />
  </taggee>
  </programlisting>



Figure 11 is a screenshot of the client application running inside a Web browser. The region Z3 is a hierarchy
of all the documents of the archive, it gives the researchers the synoptic
view they need. The region Z1 is a draggable navigator obtained by clicking
on an element of the hierarchy Z3, it allows to navigate among the images
of the pages of a collection. The region Z4 is an editor for the
transcription. The region Z5 is the set of recommendations for tag
hierarchies similar to the one implied by the current documentary
structure. Region Z2 is the comparison frame obtained when the user click
on one of the recommendations, it allows him to decide if he wants to merge
his tags structure with the one suggested.

[image: Prototype]


Figure 11.Prototype



Conclusions

We have identified a new problem: how to build multi-structured
documents? This allowed us to take over the old issue of multi-structured
documents as we pulled away from its technical formulation and bring
ourselves closer to the daily practices of those building documents. We have shown
that, although the enforcement of tree structures was for a long time
considered as the crux of the problem, we could place it at the heart of a
new solution where the emergence of overlapping hierarchies triggers the
creation of a new structure that has to be validated by the user. In fact, our methodology places the users in a central position and we managed to lighten the cognitive load that results from the interactions with the system by bordering the reflexive activities on small and well defined periods. Thus we
managed to provide a methodology that addresses the needs of humanities
researchers by promoting and maintaining a multiplicity of stuctures.
Moreover, we developed a prototype that implements the algebraic operations
described in the article.  These operations are provided through a Web
interface using the HTTP protocol in accordance with the REST design
pattern.
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      Abstract
XML, originally called Web SGML, was designed as a subset of SGML
      suitable for use on the World Wide Web. Shortly after the publication of
      XML, the Names in XML specification, better known as Namespaces, was
      published. One of its primary purposes was to facilitate the exchange of
      RDF metadata in XML. XML Namespaces are somewhat clumsy and unwieldy,
      under-specified, and incomplete. They have gained considerable adoption
      within XML vocabularies, often with reluctance, but have met with
      resistance from the Web community.


      This paper explores some of the difficulties (whether real or
      perceived) with Namespaces, suggests ways to address some of those
      difficulties, and also suggests ways to attempt some reconciliation with
      the Web developer community.

    

    Keywords: XML, Markup, Namespaces

  
      Copyright © 2009 Liam R E Quin. Used by permission.

    

    

  
    Introduction


    The XML community has lived with XML namespaces for a decade. They
    are useful to the point of seeming indispensable, they are ubiquitous, and
    yet they are at the same time unwieldy and flawed. Namespace declarations
    can be inconvenient to remember, and errors in them are frequently the
    source of subtle and hard-to-diagnose errors. From a programming
    perspective, namespaces provide scope and disambiguation; from a document
    authoring perspective, namespaces provide headaches. For an HTML author,
    working in a world in which the browsers tend to suppress or auto-correct
    errors, and in which MathML, XHTML, SVG, XForms, Dublin Core and more each
    have their own namespace URI, the need to pre-declare large sets of
    namespaces quickly becomes onerous.


    In this paper the author proposes a simple system to simplify
    namespace declaration, and to enhance namespace functionality considerably
    by introducing a single new feature, without losing the existing benefits.
    The paper first describes in more detail some of the issues, then
    summarises the issues with requirements for change, then discusses other
    proposals, and finally makes a concrete proposal.

  

  
    XHTML and Namespaces


    Consider a typical XHTML document that also uses XForms, SVG,
    MathML, and has some metadata using the Dublin Core and FOAF. Already we
    are up to six namespace declarations (including the one for XHTML) and we
    have hardly begun. SVG uses XLink adding another, and so it continues.
    Documents with twenty or more declarations are sometimes seen.


    Of course, many of these documents are generated automatically
    rather than hand-authored. Even there, the burden of maintaining the
    declarations should not be underestimated. To XML people familiar with the
    mechanisms and overhead of the namespace syntax there may seem (at least
    at first sight) no problem, but to HTML authors the difference is
    startling. Is it necessary?


    Recall that namespaces are serving two primary functions: they are
    associating names with the specifications that define them, and they are
    disambiguating in the case that two specifications define the same name.
    In practice, conflicts where the same name is defined by multiple
    specifications are rare (although still important enough to need
    addressing). For XHTML, the DOCTYPE declaration already is sufficient to
    bestow HTML-ness, and, within the context of HTML, an svg
    element only has one plausible interpretation. A significant motivation
    driving the use of XHTML is that XML tools can be used with the document,
    and for these tools, SVG-ness is not associated with any particular
    element name. One could use #FIXED attributes in a document
    type definition, but we will see later why this is not a satisfactory
    approach. The HTTP MIME Content Type can also be used to indicate
    combinations (application/xml+svg+mathml) but since every combination must
    be registered with IANA, this does not scale; it also doesn't work on a
    local file system.


    A major goal of the work described in this paper, then, must be to
    eliminate as much syntax as possible without losing the benefit of being
    able to combine namespaces at will and have both XML and Web tools operate
    on the result.


    The XML community will not be motivated to support a new
    specification merely to satisfy the needs of some other community. We
    would need to do more. Happily, there is more to be done. Extensive use of
    namespaces has demonstrated a need for an easy way for users to define
    their own namespaces that are a mixture of existing namespaces and their
    own elements, and to check that 

  

  
    HTML 5, XML and Namespaces


    In the last couple of years, a number of individuals have gathered
    support for renewed work on non-XML versions of HTML. These are also not
    based on SGML, but instead are an SGML-inspired format. Avowed dislike of
    XML appears to have stemmed at least in part from misunderstandings and in
    part from the stricter and more verbose syntax. For these people,
    robustness, accuracy, error detection and correctness are relatively
    unimportant: all that matters is that the Web browser render an acceptable
    result. At the time of writing, the HTML Working Group is considering
    hard-wiring MathML and SVG namespaces into the HTML specification, so that
    an svg element would automatically be placed into the SVG
    namespace. This would make it harder to process the documents with other
    tools, for example it's tricky to match SVG elements with XPath or with
    XSLT match expressions if you don't know in advance whether there will be
    a namespace declaration, and, if there is, whether it will be correct. In
    fairness it should be noted that, since HTML 5 processors are expected to
    auto-correct certain classes of syntax errors which XML processors are
    required not to attempt to correct, one cannot in general expect to
    process HTML 5 documents with XML tools. None the less it is reasonable to
    be able to expect to generate HTML documents from XML, and also to use
    JavaScript, XPath and other tools on the HTML DOM.

  

  
    Other XML Environments where Namespaces may be Suboptimal


    Anywhere that users have to declare a large number of mostly
    orthogonal (non-overlapping) namespaces is a candidate for improvement: it
    is particularly unfortunate that users cannot themselves combine
    namespaces to make new amalgamated ones, such as XSLT plus SVG plus
    HTML.


    Some difficulties when using multiple namespaces today
    include:


    
      	
        The need to remember long URIs: people often use copy and paste,
        which can result in extra declarations being pasted in and later
        causing problems; or, they re-type the URI by hand and make errors,
        with the result that software later doesn't recognise the namespace
        correctly.

      


      	
        The need for humans to remember which namespace defines which
        element or attribute, even where there's no clear functional gain. For
        example, remembering that href comes from XLink in SVG,
        and from XHTML in some other vocabulary.

      


      	
        Matching mixed-namespace documents with XPath, whether for XSLT
        or for XQuery or (hardest of all) stand-alone XPath, is distressingly
        exciting. The most commonly asked questions on XML support channels
        are about processing namespaces.

      

    

  

  
    Requirements for a Solution


    
      
        	Freely Available


        	
          If you need to pay for the spec, the Web developer community
          is not interested.

        

      


      
        	Freely Implementable


        	
          There should be no patent encumbrances; since this is in
          practice not determinable, at the very least the people developing
          the specification, and the organisation publishing it, mast make
          effort to ensure that people using or implementing the specification
          won't suddenly be asked to pay royalties.

        

      


      
        	Makes life simpler


        	
          Although part of the goal of Automatic Namespaces is to enable
          HTML 5 documents to be namespace-well-formed in memory, it's
          important to remember that this is a motivation for XML people but
          not HTML people. Therefore, to gain adoption, Automatic Namespaces
          must not require the user to understand new concepts. For example,
          the user should not have to declare or use namespace bindings, since
          those are the things that are objected to the most.

        

      


      
        	Easy to Implement


        	
          The solution must be easy to implement in JavaScript (for
          example, an experienced JavaScript programmer should be able to
          write a complete implementation in under an hour, including the time
          taken to read the specification). This is partly because otherwise
          no-one will do it, and partly because a JavaScript implementation
          that is more than a few hundred bytes will not be appealing to
          people trying to make Web sites that load quickly. The specification
          must also be easy to implement in XSLT and other
          environments.

        

      


      
        	Compatible with Today's Web


        	
          The solution must work in Web browsers that are in use today,
          at least in the vast majority of cases. People won't upgrade their
          Web browsers to view Web pages using namespaces.

        

      


      
        	Gives clear benefits to XML people


        	
          I'm not out just to make the HTML 5 people feel vaguely more
          karmic. They can do that all by themselves. I aim to write a spec
          that will mean XML users can benefit too.

        

      

    

  

  
    Existing and Proposed Technologies


    Others have identified a need in this area. A recent discussion on
    the xml-dev list quin2009aelicited an incomplete
    proposal that will be discussed below, together with two other methods,
    #FIXED attributes and ISO DSRL. Private communication has
    also provided a JavaScript-based partial solution that will also be
    described below.


    
      Default (#FIXED) attributes in a DTD


      The idea here is to have a document type definition that supplies
      xmlns:svg and so forth as #FIXED attribute values. This
      would be interesting if Web browsers fetched DTDs. One could consider
      JavaScript to fetch the DTD from the W3C servers, but W3C can't afford
      the bandwidth, and there are file access restrictions on JavaScript that
      may make a persistent cache or XML Catalogue approach hard to implement;
      in addition, both the SYSTEM and the PUBLIC identifiers are fixed, so
      one cannot serve HTML documents with server-specific values. This
      DTD-based approach might work fine outside the HTML world, but it turns
      out that today's Web browsers reject documents containing qnames if the
      prefix has not been explicitly bound to a URI. This means that a
      document would not be considered as well-formed without the DTD:
      progressive rendering as the document loads would have to wait for the
      DTD, and an unavailable DTD would prevent the document from loading.
      Worse, since the browsers don't fetch the DTD themselves, the approach
      of defining default prefixes in a DTD can only lead to documents that
      the browsers can't load. Since our goal is to reach out and build
      bridges between HTML and XML worlds and we must (regretfully) dismiss
      this approach.

    

    
      Information Technology — Document Schema Definition Languages
      (DSDL) — Part 8: Document Semantics Renaming Language (DSRL)


      ISO Joint Technical Committee ISO/IEC JTC 1, Information
      Technology, Subcommittee SC 34, Document Description and Processing
      Languages has recently produced a draft of their Document Semantics
      Renaming Language (DSRL) . This document does not appear to make clear
      how a DSRL mapping is located, given an instance document, although
      separate evidence private communication suggests a
      plan to use a processing instruction. Possibly the ISO committee would
      be amenable to an alternative suggestion that is more likely to work in
      HTML-based Web browsers, since processing instructions interfere with
      PHP processing, and also cannot portably appear before the end of the
      document's head element, which may be too late in a world of progressive
      rendering.


      The DSRL specification describes a powerful mechanism to map
      elements, attributes, processing instructions and entities (!) in the
      XML document to alternates. You can map any element to a new (namespace,
      element) combination, where the replacement is part of a validating
      schema. This specification is almost certainly too complex to implement
      in the few hundred bytes of JavaScript we can allow ourselves, although
      the possibility of defining HTML entities using an XML syntax is very
      alluring. DSRL uses XPath to specify the context in which remapping is
      to occur. One could thus map every third svg element in the
      document, if desired.


      Overall, DSRL seems very promising. It appears to do what is
      needed. But, like a US Congress bill, it comes with a lot of additional
      baggage, some of which is problematic for us, and also is some missing
      functionality we need:


      
        	
          DSRL files themselves have at least three namespace
          declarations in them. We want something that doesn't need to have
          any additional declarations, if possible.

        


        	
          DSRL appears to lack an inclusion facility. One could use
          XInclude, perhaps, but at the cost of added syntactic complexity
          that we are trying to avoid. An XML-savvy user could create DSRL
          files with XSLT or XQuery, but again, that's a level beyond our
          expectations. We want to be able to combine namespaces to make new
          ones, and DSRL isn't designed to do that.

        


        	
          DSRL requires an explicit reference from the document to the
          DSRL file, but using a processing instruction. Processing
          instructions can cause problems in Web browser environments: they
          generally work in application/xml documents but in HTML and XHTML
          documents they can be confused with PHP on the server, and can also
          be (incorrectly) displayed by a Web browser: any unrecognised markup
          terminates the HTML HEAD element, so a processing instruction can
          also break stylesheet and script links in older browsers, and may
          even be rendered as text content [ISO; 
            XHTML-C1, Appendix
          C1].

        

      

    

    
      JavaScript-based solutions


      The trouble with a purely JavaScript approach is that it works in
      a Web browser but not in a pure XML environment. It is a bridge that
      reaches only one shore of the river. But JavaScript can indeed be part
      of a solution, as we shall see.


      First, we should note that, as things stand (April, 2009), HTML 5
      says that certain elements, such as svg and
      math, are to be placed in the namespaces one might expect
      automatically. Unfortunately, existing Web browsers do not behave this
      way. Once HTML 5 becomes a W3C Recommendation one might reasonably
      expect to see implementations, but a great many people will still be
      using older browsers. This also presents an incompatibility with XPath
      used from JavaScript, because older browsers put everything in the
      default (non) namespace.


      One can use JavaScript to place elements in the right namespace to
      make older browsers work the same way as newer ones, and this leads us
      towards a possible solution.


      We should note, however, that any JavaScript that changes the DOM
      tree representation of the document might break other scripts, so our
      route to a short-term solution is not without problems.


      Another compatibility issue is that XPath name test expressions
      with no namespace match only elements in the default namespace; a
      request has been made to bless the idea that they also can match
      elements in the HTML namespace. There is ongoing discussion in this area
      at the time of writing.

    

    
      Disruptive Approaches


      In the interest of completeness, it is worth mentioning an
      approach to changing namespaces that are incompatible with current
      practice. Ian Hickson has suggested [hixie20060629]
      adding micro-syntax within the xmlns pseudo-attribute, after the
      namespace URI, to allow a search path of namespaces. This would cause
      interoperability problems with existing XML software, but does show that
      others have considered this problem space in the past. Private
      communication tells the author that others have also given thought to
      this problem.

    
  

  
    Proposal: Automatic Namespaces


    The goals of the Automatic Namespace mechanism are to allow document
    authors to define their own namespace mix-ins in terms of other namespaces
    and to refer to them, and also to minimise the amount of syntax needed for
    declarations—in the case of HTML, ideally, to zero.


    The first goal, defining mix-ins, is so that one can have a
    combination such as HTML, MathML and GeoML, using a single URI to refer to
    the definition, and share that definition between many documents. A Web
    browser would act as if a default mix-in had been read; for older Web
    browsers this could be simulated with JavaScript. This means that if you
    want the default HTML 5 behaviour, in almost all cases you don't need to
    do anything at all; but if you want some other combination, or you need to
    extend the HTML 5 set of namespaces, you can do so easily.


    The second goal, minimising syntax, is necessary in order to have
    any hope of adoption by HTML and XHTML authors.


    People reading a draft of this paper commented that a greater
    barrier to XML adoption in the HTML world was the draconian
    error-handling, which they believed meant that a Web browser must reject
    any document that claims to be XML but is not well-formed. This is an
    unfortunate mis-perception: in fact, the restriction is that the browser
    must not claim such a resource to be a well-formed XML document, but, once
    it is not XML it is outside the scope of the XML specification, and error
    recovery is perfectly acceptable, as long as no claim is made that the
    original document is itself XML. So it seems to this author that the
    barrier is not draconian error handling, but browser writers. So, rather
    than address a problem that appears not to exist, the approach here is to
    address a real difficulty that might be pointed out as a barrier if the
    draconian error-handling straw-man were to be removed. There is no
    possibility of making the unfamiliar familiar without acquaintance, but
    first impressions count for a lot.


    
      The Automatic Namespace Definition


      An automatic namespace definition file is a simple XML document.
      It does not itself use a namespace, and does not need a DTD (although
      there is one) or schema (although you can have those too if you like).
      Let's start with a simple example:


      <ns>
  <element>
    <name>svg</name>
    <uri>http://www.w3.org/2000/svg</uri>
  </element>
</ns>


      The example says that whenever an element called svg
      is encountered, it introduces a new default namespace, with the given
      URI, which will apply both to it and to all its children, unless of
      course they are themselves listed in a namespace file, or unless they
      have explicit namespace bindings in the document.


      This much one could do with DSRL, except that we have not used a
      namespace declaration for our namespace definition file itself. We also
      need a way to connect the namespace definition with the document; if we
      are in an HTML document, we could use a link:


      <link rel="ns" href="ns.xml" />


      This markup would go in the HTML head, although it is only needed
      if your namespace differs from the HTML 5 default, or if you are using
      XHTML. For older (i.e. all existing) browsers we also need to add a link
      to some JavaScript to make it work:


      <script type="JavaScript src="ns.js" />


      This is more complexity than declaring the SVG namespace, so it's
      hard to imagine people doing it. But what if we define several
      namespaces in one ns file?


      <ns>
  <element>
    <name>svg</name>
    <uri>http://www.w3.org/2000/svg</uri>
  </element>
  <element>
    <name>math</name>
    <uri>http://www.w3.org/1998/Math/MathML</uri>
  </element>
</ns>


      Now we are starting to make some headway, because although we
      added a lot of garbage, we don't need to change the declarations in the
      document. We could still do this with DSRL, or by putting the namespaces
      right into that JavaScript code. Now suppose we want to add the
      Enterprise Access Control Markup Language (invented for the purpose of
      example), EACML, and that we have a separate eacml.ns file that defines
      its element and namespace. We'll go back to our SVG-only example to keep
      the example listing shorter.


      <ns>
  <element>
    <name>svg</name>
    <uri>http://www.w3.org/2000/svg</uri>
  </element>
  <element src="eacml.ns />
</ns>


      Perhaps this markup is a little odd, but the idea is to have an
      analogy with HTML script elements. In addition, a non-empty element can
      supply a namespace URI, so that if the software recognises the URI, it
      does not need to fetch the ns file.


      For XML documents in general, we could use an attribute on the
      top-level element (or any beneath it):


      <mydocument xml:ns="ns.x" />


      Such a declaration would need the blessing of the W3C XML Core
      Working Group, and at the time of writing has neither been proposed to
      them nor discussed by them.


      
        Attributes


        It turns out that some markup languages need to have some of
        their attributes in a different namespace from their elements. This,
        of course, is because the languages predate the invention of automatic
        namespaces!


        <ns>
  <element>
    <name>svg</name>
    <uri>http://www.w3.org/2000/svg</uri>
    <attribute>
      <name>href</name>
      <uri>http://www.w3.org/1999/xlink</uri>
    <attribute>
  </element>
</ns>


        Now any href attribute anywhere inside an SVG element (or, more
        precisely, affixed to an element in the SVG namespace) will be put in
        the XLink namespace.

      

      
        Namespace Prefixes


        What if you need to disambiguate an element? Or if you need to
        put a prefixed QName into an attribute?


        The first answer is that you really don't want to put prefixed
        names into attribute values. You might think that you do, but you are
        deluded. If you should happen to persist, we will honour your
        delusion. But we will not make it too easy. The answer is that you can
        bind prefixes in just the way you always did, even in the presence of
        namespace files.


        The original design of automatic namespaces let you name a
        prefix in the ns file, and use it in the instance, but it turns out
        you can't do that: your document would not be considered well-formed
        by Web browsers, which defeats the purpose. The second attempt was to
        use a prefix character other than the colon, but at that point it
        seems just as easy to declare the namespace. This is an area of
        experimentation at the time of writing.


        Note that a DSRL-based approach to disambiguation might be to
        define a rewrite, so that the names of the elements are changed.
        Automatic Namespace Files do not support renaming elements or
        attributes beyond associating namespaces with them, partly because of
        the goal of having documents that work in Web browsers as much as
        possible, and partly because that seems a lot more than just defining
        namespace mix-ins.

      
    

    
      Changing DSRL


      Since DSRL already exists, it seems reasonable to ask how it could
      be changed to support automatic namespaces.


      
        	
          Support an implicit link to a DSRL definition, supplied by an
          application (such as a Web browser), rather than requiring a
          processing instruction. We want to allow XHTML documents to be legal
          with a minimum of extra work for their authors.

        


        	
          Allow a DSRL processor to recognise a default namespace, so
          that DSRL documents do not themselves need to use namespace bindings
          in the most common cases.

        


        	
          Add an inclusion facility, so that one DSRL document can
          reference another, preferably using a terminology that suggests
          namespace bindings rather than the renaming of elements.

        


        	
          Ensure that there are royalty-free patent commitments from all
          authors of the specification.

        


        	
          Ensure that the text of the specification will be freely
          available, and can be freely reproduced in books, tutorials and
          elsewhere.

        

      


      Although DSRL is not exactly aligned with automatic namespaces, it
      seems worth exploring further.

    

    
      Conclusions and Ongoing and Future Work


      Automatic Namespaces can considerably reduce the amount of syntax
      at the start of XHTML documents. They can also legitimize HTML 5
      parsing, by having a default namespace file that specifies the
      behaviour, a sort of in-browser thought experiment. Automatic Namespaces
      can also help with other XML applications, because although currently
      you'd need to use (say) XSLT to process the namespace file and the
      instance, this is a straight forward thing to do in may pipeline-based
      work flows.


      Links to other resources, such as schemas and style sheets,
      human-readable documentation and more could arguably live in the same
      namespace file in the future. The mechanism proposed is easily
      extensible by adding new elements.


      A simple mechanism that can be implemented in JavaScript for XHTML
      documents can also be useful for more general XML, and could help to
      give a way to consider HTML 5 documents to have mixed namespaces
      without, in most cases, any need to declare them.
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            Abstract
Most definitions of document current in the
                document processing and digital publishing communities, would, if take literally,
                imply that documents are extensional entities that cannot undergo changes such as
                editing or revision. In other domains as well, such as textual criticism and library
                science, one can also find notions of text or document that are similarly difficult
                to reconcile with modification. We describe the problem and sketch some possible
                resolutions. Although the issues are conceptual and foundational the practical
                significance is real. Formal representation in logic-based ontology languages,
                increasingly important in information management, requires that familiar idioms,
                however serviceable and entrenched, be converted to expressions that support literal
                interpretation.
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        The Problem



        Document modification seems to be routine and widespread. Editing is a familiar
            practice to almost everyone, and revision a fundamental feature of publishing workflows.
            Yet document modification would appear to be an illusion. Common accounts of what
            documents are seem to imply that documents cannot undergo genuine modification.



        The W3C XML specification defines an XML Document as a string that meets certain
            formal constraints. Strings are mathematical constructs that are defined, ultimately, in
            set theoretic terms. They are therefore purely extensional entities constrained by the
            axiom of extensionality, common to all standard set theories. As a consequence, strings
            have all of their non-relational properties essentially and cannot be altered or
            modified in any way. Although we can of course identify functions that map one string to
            another, the existence of such functions does not, by itself, provide a explanation of
            what constitutes the modification of a document. 



        This consequence is not unique to the definition of a document as a string. Familiar
            alternative definitions fare no better. Documents (in the relevant sense) have been
            defined as graphs, relations, Ordered Hierarchies of Content Objects [derose90], and sentences in formal logic [renear06].
            But these are all also extensional entities: graphs, relations, tuples, and strings all
            have mathematical definitions in virtue of which they are kinds of sets. Nor is the
            problem particular to formal definitions that make explicit use of mathematical
            constructs. Many of the concepts of document (or text) used in library science, textual
            criticism, aesthetics, and other fields appear, upon examination, to be similarly
            problematic. 



    


    
        A Simple Example: The Verona Sentence



        The problem can be made introduced with a simple example that makes no explicit use of
            mathematical or philosophical notions [renear08].



        Consider the sentence "I remember Verona." Let this be the first sentence of the first
            chapter of a draft of a novel.



        Suppose that the author decides to edit that sentence and revises it to read: "I
            remember, but dimly, Verona".



        It is natural to say that the first sentence of the chapter has been changed, that it
            is now longer. But exactly what has been changed?
                What has become longer? The new first sentence, "I
            remember, but dimly, Verona", has not changed. That sentence has never consisted of
            fewer than five words. The original sentence, "I remember Verona", has not changed
            either. It is not now longer than it was; it still consists of three words. It is true
            that "I remember, but dimly, Verona" is a longer sentence than "I remember Verona", but
            it did not become a longer sentence than "I remember
            Verona" -- it has always been a longer sentence than "I remember Verona".



        One might attempt to address the problem by shifting the scope of attention and
            propose that it is the text of the chapter that has changed. However, the chapter as a
            whole is simply another, if longer, textual entity, and has the same identity
            conditions. So the puzzle will arise again. The chapter has been revised, but neither
            the new text nor the original text undergoes any change during this process. And the
            same argument may be made for the entire text of the novel.



        In short: While it is natural to speak of sentences or other textual entities changing
            when they are edited or revised, it appears that these entities themselves do not really
            change. So what does change? 



        The Verona puzzle may feel like a parlor trick, but the significance is real enough:
            we do not have a clear conceptual understanding of what is happening when documents are
            modified. Of course truth values can be correctly assigned to modification sentences
            such as "The sentence was changed", but only if we treat these sentences as idioms, as
            we do sentences like "The average plumber has 3.2 children". Such sentences do not have
            compositional semantics or support existential instantiation and there is often little
            systematic guidance for their interpretation. Up until now we have largely avoided these
            problems, relying ad hoc solutions and human intervention. But the increasingly formal
            nature of new semantic approaches to information management and publishing, and the
            continuing minimization of human intervention, will inevitably require us to more
            systematically to develop robust literal interpretations of fundamental concepts.



    


    


        An Inconsistent Triad



        Consider the following three assertions:

        
            	
                All documents are strings.

            

            	
                Strings cannot be modified.

            

            	
                Documents can be modified.

            

        



        As any two of these assertions will together logically imply the negation of the
            remaining assertion it is not possible for all three to be true. And yet each has some
            initial plausibility. 



        In favor of the first assertion, that all documents are strings, we begin by observing
            that in the definition of an XML Document in the W3C XML specification the first clause
            has as a consequence that XML Documents are strings: 

                Definition: A textual object is a well-formed XML document if:

                
                    	
                        Taken as a whole, it matches the production labeled document.

                    

                    	
                        It meets all the well-formedness constraints given in this
                            specification.

                    

                    	
                        Each of the parsed entities which is referenced directly or indirectly
                            within the document is well-formed.

                    

                

            



        Understanding documents (or a relevant sense of "text") to be sequences of characters
            or words is also consistent with approaches in library cataloguing [frbr98] and textual editing [tanselle89].[1]
        



        In favor of the second assertion it may be argued that modification of an entity
            necessarily involves the loss of a property and that strings have no properties which it
            is possible for them to lose and survive the loss. [We assume losing a property and
            gaining the complement of that property are equivalent characterizations of the same
            event.] The string "13571" has the property of having a length of five tokens, the
            property of having one token type occur twice, and the property of having the substring
            "35". But these are all properties that "13571" cannot lose. That is, the string in
            question, "13571", which has property of having "35" as a substring, cannot at some
            point in the future lose the property of having "35" as a substring. There is no
            plausible entity that will serve as the reidentifiable persistent object that could
            undergo such a change. Cf. the Functional Requirements for
                Bibliographic Records: "...if a text is revised or modified, the
            resulting expression is considered to be a new expression, no matter how minor the
            modification may be" [frbr98] [2]



        In favor of the third assertion, that documents can be modified, we simply observe
            that this is an assumption that for most of us is so deeply entrenched in our common
            understanding that the title of this paper probably seems more senseless than
            provocative. 



    


    
        Responses



        One sort of response to a triad claimed to be inconsistent is to deny the
            inconsistency. Typically this takes the specific form of claiming that one of the
            assertions in the triad has two possible interpretations. Interpreted one way the
            assertion is true but the triad consistent. When the assertion is interpreted in the
            other way the triad becomes inconsistent, but the assertion is no longer plausible. When
            this is the situation the problematic nature of the triad is an illusion created by
            trading on this ambiguity.



        As modal locutions well-known for generating ambiguity and paradox are evident in our
            triad we shall now indicate exactly how the English sentences are to be interpreted and
            confirm that given the intended interpretation the triad is in fact inconsistent. We do
            this by expressing the assertions in elementary predicate logic.



        
            	
                (x)[(isaDocument(x) -> isaString(x)]

            

            	
                (x)[(isaString(x) -> ~isModifiable(x)]

            

            	
                (Ex)[(isaDocument(x) & isModifiable(x)]

            

        



        On the standard interpretation of quantifiers and connectives these three formulas
            clearly form an inconsistent set. 



        Once the inconsistency of a triad is granted the remaining responses are typically
            classified according to which assertion in the triad is rejected. We will consider
            responses that reject the first and third assertion; we do not here consider responses
            that deny the second assertion.[3]
        



        
            Responses that Deny Documents are Strings



            These responses reject the standard definitions of a document as a kind of string
                or relevantly similar entity, such as graph, relation or OHCO. For this to be a
                plausible response a suitable alternative definition must be proposed.



            The Materialist Strategy: This strategy holds
                that a document is not a string, but a concrete arrangement of a quantity of matter
                and energy. On this view modification of a document does literally occur:
                modification consists in physical changes to the material document, with the
                document preserving its identity across these changes (otherwise it would be
                destroyed rather than modified).



            Against the Materialist Strategy: The identification of a document with a
                particular concrete arrangement of matter and energy instead of a string appears
                inconsistent with many of the things that we say about documents. For instance we
                speak of the document even when there may be many
                physical instances, intending not to refer to any one of them, or the set, but
                rather to something they all represent or instantiate. Whether this apparent
                reference to an abstract object can be paraphrased away remains promissory.
                Documents certainly have physical representations, and these representations are
                often materially involved in scenarios of putative document modification. But
                whether a document can be defined as one of, or even the class of, these separate
                individual representations remains to be seen. [4]



            The Social Object Strategy: This response posits
                as the modifiable document a social object which is
                    constituted by (but not identified with), one
                string at one time and another string at another time, the changes being determined
                by social (including institutional and linguistic) circumstances. This approach
                abstracts from the physical and is consistent with the common belief that documents
                can be modified. The document presumably maintains a coherent identity across
                various textual changes and may be associated as well with any number of different
                physical representations. A theoretical basis for this strategy can be found John
                Searle's work [searle95] although Searle's theory appears to be
                primarily one of natural facts that in certain social circumstances "count as"
                social facts rather than natural objects that that in certain social circumstances
                count as social objects. Barry Smith has defended a theory of social objects that
                allows social objects to exist even without natural objects that "count as" or
                constitute them [smith03]. Another related perspective is Brian
                Cantwell Smith's notion of holding objects in the "middle distance" [cantwellsmith96]



            Against the social object strategy: The social object strategy preserves the
                intuition that documents are modifiable, but at a considerable cost. First, it
                requires an ontologically challenging entity, social objects that cannot be
                identified with physical objects, abstract objects, or even mental states. There is
                also a corresponding new distinctive metaphysical relation as well: constitution, the relationship that obtains between the
                social object and the different strings that constitute that object at different
                times. That this relation cannot be simple identity is evident from the fact that it
                is not transitive: while the document qua social object may be constituted by one
                string at one time and a different string at another time, this does not imply that
                the two strings are themselves identical. Searle's notion of "counting as", if
                applied to social objects, may avoid some of the traditional problems with
                constitution, but it will still be hard to reconcile social objects with a
                naturalistic view of the world.



        


        
            Responses that Deny Documents can be Modified



            These strategies accept the first assertion of the triad, that a documents is a
                string, and rejects the third assertion, that documents can be modified. If such an
                approach is to be plausible it must provide a convincing alternative account of what
                is happening in the situations which we would ordinarily describe as "modifying a
                document".

            The title of this paper notwithstanding, denying document modification does not
                necessarily require claiming that sentences like "John edited a document" never
                express facts about the world. These sentences may be considered idioms. As such
                they sometimes communicate true assertions, but they are notliterally true. Consider again the sentence "The average plumber has
                3.2 children". This sentence might indeed be used to make a true assertion. And if
                it does make a true assertion then it is certainly reasonable to say that the
                sentence is a true sentence. However we would not conclude from the truth of the
                sentence "The average plumber has 3.2 children" that there is therefore an entity in
                the world which is the average plumber and which
                actually has some fractional number of children, as
                a naive Russellian interpretation of the definite description would entail. What is
                being denied in the rejection of the third assertion of the triad is not the truth
                of sentences like "John edited a document", but rather that such sentences imply a
                claim such as the one suggested by the first order formula: 



            
                    	
                        (Ex)[(isaDocument & edited(john,x)]

                    

                



            The New Document Strategy: This response
                maintains that the modification of a document is actually the creation of a new
                document. 



            Against the New Document Strategy: The new document strategy has new strings
                created with each document modification. This seems peculiar, contrary to general
                notion of strings, and generally difficult to reconcile with a naturalistic view of
                the world. Consider the string "13571". Was that string created? How did that
                happen? And when? Can it be destroyed? Can it be re-created? Unless strings are
                material objects the conceptual apparatus of creation and destruction seems entirely
                metaphorical.



            The Selection Strategy: This approach holds that
                in a typical scenario of alleged modification a new but already existing string is
                    selected for attention. When we say that a
                document has been modified we mean that a different string has been selected for the
                purpose at hand by some particular person or persons. The physical infrastructure of
                analog or digital document development and publishing, in combination with social
                conventions and practices, is a system for recording and communicating which string
                is currently distinguished in this way.



            Against the Selection Strategy: The selection strategy identifies documents with
                already existing strings. But this seems strange. Either these already existing
                strings came into existence at some point in the past or they have always existed.
                If the former then this strategy has no advantages over the new document strategy;
                it must still somehow account for how strings can come into existence, from what
                materials and in what causal circumstances. But if the latter, if strings have
                always existed, then assuming only that the further requirements for being a
                document are non-contingent (such as matching a production) we will have documents,
                and not just strings, existing eternally -- apparently even before cognitive agents.
                This seems peculiar.



        
        
            A Strategy that both Redefines Document and
                Denies Modification.



            Strictly speaking the strategy we are about to take up denies only the third
                assertion of the triad (documents can be modified). However because it proposes a
                substantially new definition of document it has much in common with strategies that
                deny the first assertion and so we are placing it in a separate category.



            The String-in-a-role Strategy: This strategy
                holds that a document is a string in a particular communicative role. The string
                itself may be an uncreated and pre-existing entity, but the strings which are
                documents need not always have been documents. Being a document is a property that
                strings have only in particular contingent social/linguistic situations. So on this
                account documents have not always existed, even
                though documents are strings, and strings have always existed. This is because while
                a string which is a document has always existed, that string has not always been a
                document -- a string becomes a document only in the appropriate social
                circumstances.



            Although this strategy, like the strategies that reject the first assertion of the
                triad (documents are strings) involves a new approach to the definition of document,
                it affirms rather than rejects the first assertion of the triad. After all, if a
                document is a string in a communicative role, then a document is a string. However,
                the string-in-a-role definition of document is unlike definitions such as the one in
                the XML specification in that it places a contingent rather than necessary
                constraint on strings satisfying the definition. If a document is defined as a
                string with certain purely formal constraints (as it is in the XML specification,
                where it must match a particular production in a grammar), then the things which are
                in fact documents are documents necessarily. This is because not only is it
                impossible for a string to cease to be a string or have been anything other than a
                string, it is also impossible for a string that matches a particular production to
                have ever failed to match that production or to fail to match that production in the
                future. 



            According to the string-in-a-role strategy the property of being a document is
                what Guarino and Welty refer to as a "rigid" property [guarino00].
                Guarino and Welty define rigidity using modal logic and model theory, but the basic
                idea is simple: a property is rigid if and only if nothing that has that property
                could have failed to have that property, or could come to lose that property, (and
                still exist). For example, being a person is rigid
                because the things that are persons could not have been anything but persons and
                cannot cease to be persons (although they can cease to be). But being a student is not rigid because the things that are
                students (i.e. persons) might not have been students and can cease to be students
                (without ceasing to be). According to Guarino and Welty rigid properties indicate
                    types, fundamental kinds of things, while
                non-rigid properties indicate roles that things of
                some particular type may enter into. On this view a document is not a type of thing,
                but a role that things of some type or other have in particular contingent circumstances.[5]
            



            The redefinition of document as a "string-in-a-role" is not itself a response to
                the inconsistency of the triad; if a document is a string-in-a-role then it is still
                a string, and strings cannot change. The string-in-a-role strategy rejects the third
                assertion, and denies that, strictly speaking, documents change. 



        
    


    
        Concluding Remarks



        There is much more to be said pro and con on the strategies we have described here,
            and there possibly better strategies to consider. We have intended only to suggest some
            of the possibilities. Formal representation and inferencing is increasingly widespread
            and increasingly important, and systematically making information computationally
            available in logic-based ontology languages requires literal interpretation. Human
            beings may effectively communicate with natural language sentences such as "The document
            was edited" or "The average plumber has 3.2 children". But to support inferencing in the
            semantic web environment these idioms must be represented formally in languages that
            rely on compositional semantics, existential instantiation, and valid deductive
            consequences.



        Or... perhaps not.



        One has to wonder whether all this logic-chopping subtlety is going to be worth it. It
            isn't clear exactly how to finish the job, and yet it is clear that some of our most
            familiar -- and effective -- ways of conceptualizing our domain will revised if we
            continue along this path. Particularly troublesome is the prospect that the revisions
            anticipated will add not only complexity in design and use, but increase computational
            complexity as well. As we have suggested elsewhere "denormalized" ontologies may be more
            appropriate for much of the practical work ahead. 



        Acknowledgements: This paper draws on work carried out collaboratively at the Graduate
            School of Library and Information Science, University of Illinois at Urbana-Champaign.
            Much of the early work was organized by Dave Dubin and sustained by various research
            groups.

    


    
        References



        [buckland97]  Buckland, M. K. "What is a
            "document"?" Journal of the American Society for Information
              Science, 48 (1997),804-809. doi:10.1002/(SICI)1097-4571(199709)48:9<804::AID-ASI5>3.0.CO;2-V



        [cantwellsmith96] Cantwell Smith,
                B.On the origin of objects. Cambridge: MIT Press,
            1996.




        [derose90] DeRose, S. D., Durand D. G., Mylonas,
            E., Renear, A. H. "What is text really?" Journal of Computing in
                Higher Education 1 (1990), 3-26. Reprinted in ACM/SIGDOC Journal of Computer Documentation 21 (1997). doi:10.1145/264842.264843



        [guarino00] Guarino, N. and Welty, C. A. A formal
            ontology of properties. In Proceedings of the 12th European
                Workshop on Knowledge Acquisition, Modeling and Management. Lecture Notes
            In Computer Science. Springer-Verlag, (2000), 97-112.



        [frbr98] International Federation of Library
            Associations (IFLA). Functional Requirements for Bibliographic Records: Final Report.
            UBCIM Publications-New Series. Vol. 19, München: K.G.Saur, 1998.



        [renear03] Renear, A. and Dubin, D. "Towards
            Identity Conditions for Digital Documents". In Proceedings of the
                2003 international Conference on Dublin Core and Metadata Applications
            (Seattle, Washington, September, 2003). International Conference on Dublin Core and
            Metadata Applications. Dublin Core Metadata Initiative, 1-9. 2003. 



        [renear06] Renear, Allen H. "Is An XML document a
            FRBR Manifestation or a FRBR Expression? -- Both, Because FRBR Entities are not Types,
            but Roles." in Extreme Markup Languages 2006 Proceedings, Montreal, Canada. 2006. 



        [renear07] Renear, A. H., Dubin, D. "Three of the
            Four FRBR Group 1 Entity Types are Roles not Types." In Proceedings 70th Annual Meeting of the American Society for Information Science and
                Technology (Milwaukee, WI, October 2007).



        [renear08] Renear, A. H., Dubin, D., and Wickett,
            K. M. "When Digital Objects Change * Exactly What Changes?" In Proceedings 71st Annual Meeting of the American Society for Information Science and
                Technology (Columbus, OH, October 2008).



        [searle95] Searle, J. R. The
                Construction of Social Reality. New York: The Free Press, 1995.



        [smith03]  Smith, B. "John Searle: From Speech Acts
            to Social Reality", in John Searle,
            B. Smith (ed) Cambridge University Press 2003. 



        [tanselle89]  Tanselle, T. G. A Rationale of Textual Criticism, Philadelphia: University of
            Pennsylvania Press, 1989 



    


Notes
In this analysis we are using string based definitions of documents as a proxy
                    for broader class of definitions, including those that define a document as a
                    kind of graph, a kind of relation, or an "Ordered Hierarchy of Content Objects".
                    So what follows from identifying documents as a kind of string is intended to
                    also follow from definitions that imply that a document is a graph, a relation,
                    an OHCO, or any other relevantly similar entity.

            
View note in Notes section
It might be argued that "13571" does have the property of "being thought about
                    by someone" (at this moment, as you read this paper), and that this is a
                    property that it can lose. But the loss of properties of this sort (relational properties) does not seem to be genuine
                    modification. We do not say that the second-tallest person in the room has
                    undergone a modification when he becomes the tallest person in the room not in
                    virtue of getting any taller, but in virtue of the previously tallest person in
                    the room leaving the room. Genuine modification requires the loss or gain of a
                    non-relational property. But strings, sets, relations, graphs, and such things
                    have no non-relational properties they can lose: all of their non-relational
                    properties appear to be in some sense essential to their identity. Furthermore,
                    even if we allowed that the loss or gain of a non-relational property was a
                    genuine modification, this would not appear to be much help with the larger
                    problem, as editing changes would in any case seem to be changes in the inherent
                    and non-contingent properties of a string, and not its relational
                properties.

            
View note in Notes section
Responses to an inconsistent triad of plausible assertions usually reject just
                    one assertion. It is true that combinatorially there are seven possible
                    combinations of assertions that might be rejected, but solutions rejecting more
                    than one assertion bear a prima facie higher burden of defense and consequently
                    are rare. We do not consider any such response here, although the final response
                    we discuss qualifies, without actually rejecting, the first assertion as well as
                    denying the third assertion.

            
View note in Notes section
Although we describe this response as "materialist" because it asserts
                        that documents are material things rather than strings, materialism
                            per se neither entails, nor is entailed
                        by, the materialist strategy described here. The materialist strategy can be
                        adopted by the non-materialist who holds that while there are non-material
                        things, documents are not among them. More significantly a materialist may
                        decline the materialist response, allowing that documents are strings, but
                        holding that strings are material things, choosing another assertion from
                        the triad to reject. This last observation reveals that the materialist
                        response requires the elimination of
                        strings (from the definition). Mere reduction of strings to material things does not provide, in
                        itself, any response at all to the inconsistency. 

                
View note in Notes section
A result in some respects similar to one that was reached in response a
                        different puzzle about XML documents. renear06
                        renear07.

                
View note in Notes section

	[1]In this analysis we are using string based definitions of documents as a proxy
                    for broader class of definitions, including those that define a document as a
                    kind of graph, a kind of relation, or an "Ordered Hierarchy of Content Objects".
                    So what follows from identifying documents as a kind of string is intended to
                    also follow from definitions that imply that a document is a graph, a relation,
                    an OHCO, or any other relevantly similar entity.

            

	[2]It might be argued that "13571" does have the property of "being thought about
                    by someone" (at this moment, as you read this paper), and that this is a
                    property that it can lose. But the loss of properties of this sort (relational properties) does not seem to be genuine
                    modification. We do not say that the second-tallest person in the room has
                    undergone a modification when he becomes the tallest person in the room not in
                    virtue of getting any taller, but in virtue of the previously tallest person in
                    the room leaving the room. Genuine modification requires the loss or gain of a
                    non-relational property. But strings, sets, relations, graphs, and such things
                    have no non-relational properties they can lose: all of their non-relational
                    properties appear to be in some sense essential to their identity. Furthermore,
                    even if we allowed that the loss or gain of a non-relational property was a
                    genuine modification, this would not appear to be much help with the larger
                    problem, as editing changes would in any case seem to be changes in the inherent
                    and non-contingent properties of a string, and not its relational
                properties.

            

	[3]Responses to an inconsistent triad of plausible assertions usually reject just
                    one assertion. It is true that combinatorially there are seven possible
                    combinations of assertions that might be rejected, but solutions rejecting more
                    than one assertion bear a prima facie higher burden of defense and consequently
                    are rare. We do not consider any such response here, although the final response
                    we discuss qualifies, without actually rejecting, the first assertion as well as
                    denying the third assertion.

            

	[4]Although we describe this response as "materialist" because it asserts
                        that documents are material things rather than strings, materialism
                            per se neither entails, nor is entailed
                        by, the materialist strategy described here. The materialist strategy can be
                        adopted by the non-materialist who holds that while there are non-material
                        things, documents are not among them. More significantly a materialist may
                        decline the materialist response, allowing that documents are strings, but
                        holding that strings are material things, choosing another assertion from
                        the triad to reject. This last observation reveals that the materialist
                        response requires the elimination of
                        strings (from the definition). Mere reduction of strings to material things does not provide, in
                        itself, any response at all to the inconsistency. 

                

	[5]A result in some respects similar to one that was reached in response a
                        different puzzle about XML documents. renear06
                        renear07.
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Abstract
Multi-Version Documents or MVDs, as described in Schmidt and Colomb (Schm09), provide a simple format for representing overlapping structures in digital text. They permit the reuse of existing technologies, such as XML, to encode the content of individual versions, while allowing overlapping hierarchies (separate, partial or conditional) and textual variation (insertions, deletions, alternatives and transpositions) to exist within the same document. Most desired operations on MVDs may be performed by simple algorithms in linear time. However, creating and editing MVDs is a much harder and more complex operation that resembles the multiple-sequence alignment problem in biology. The inclusion of the transposition operation into the alignment process makes this a hard problem, with no solutions known to be both optimal and practical. However, a suitable heuristic algorithm can be devised, based in part on the most recent biological alignment programs, whose time complexity is quadratic in the worst case, and is often much faster. The results are satisfactory both in terms of speed and alignment quality. This means that MVDs can be considered as a practical and editable format suitable for representing many cases of overlapping structure in digital text.
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Introduction

Over 20 years ago, shortly after the standardisation of SGML in 1986 (Gold90), the problem of overlap was first noticed as a serious difficulty in the encoding of digital texts in the humanities and linguistics (Barn88). Overlap may be defined as the inability of markup systems to easily represent overlapping structures by means of paired tags whose primary function is to contain text or other markup in a strictly nested and ‘well-formed’ way (Bray08, 2.1). Barnard et al. (Barn88, 275) reassured the reader at the time that ‘SGML can successfully cope with the problem of maintaining multiple structural views’ and that the ‘solutions can be made practical’. After around 50 papers and theses later it would seem that this early assessment may have underestimated the extent of the problem. There have been many surveys of the literature on the subject (Witt02; Maas03; Dero04), but the consensus seems to be that no general solution to the overlap problem is known or likely (Maas03, 18; Sahl05, 3).

The Multi-Version Document or MVD format has been put forward as a possible general solution to the overlap problem (Schm09). Although originally conceived as a solution to textual variation, an MVD can also be used to represent ‘overlapping hierarchies’, since multiple conflicting markup perspectives of a single linear text can be construed as variant texts in which only the markup varies. An MVD represents both overlap and variation by replacing the conventional linear form of text with a directed graph. This graph may take two forms:

 	As an explicit directed acyclic graph that starts at one point, then diverges and remerges as required, before ending again at a single point. I call this a ‘variant graph’. Each arc is labelled with the set of versions to which that arc belongs, and a fragment of text, which may be empty. Any version can be read by following the appropriate path through the graph from start to finish. Figure 1 shows a variant graph generated using the algorithm described in this paper from three versions (labelled A,B,C) of part of Valerio Magrelli’s Italian poem Campagna romana (Magr81).


  	As a list of interleaved pairs, consisting of the labels of each arc, and the sets of versions to which it belongs. The pairs are ordered so that the labels preserve the order of the text for each version they represent (Figure 2).




[image: ../../../vol3/graphics/Schmidt01/Schmidt01-001.png]Figure 1: A Variant Graph
 
[image: ../../../vol3/graphics/Schmidt01/Schmidt01-002.png]Figure 2: Part of the Same Graph as a List of Pairs
 
These two forms are equivalent and interchangeable. The list form is currently better for searching, listing, saving and comparing two versions in an MVD, and the explicit graph for creating and editing an MVD. Conversion between the two forms can be performed losslessly in essentially linear time. It is hoped that in the future it will also be possible to edit and create MVDs using the simpler list format.

Advantages of the MVD Format

 	Because an MVD doesn’t know anything about the format of the text contained in each arc-label or pair, any technology can be used to represent the content of an individual version. In this way the complex overlapping structures of the text are abstracted out into the graph structure, so that the content can be represented using conventional, and simplified, markup. This allows the reuse of existing markup-based tools such as XSLT (Figure 3).


  	Representing a work that contains multiple versions or markup perspectives as a single digital entity facilitates searching, comparing, editing and transmission of the work without the need for complex software to integrate a set of separate files.


  	Because the MVD representation is very simple, and is not dependent on markup, it can provide a general solution to the overlap problem in corpus linguistics and humanities texts of various types and dates. It can work equally well with plain text and some binary formats.



The only real disadvantage of the format is the difficulty of producing it automatically, which is the problem this paper attempts to solve.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-003.png]Figure 3: Separation of Variation from Content


Operations on MVDs

The commonest operations that may be performed on MVDs include:
 
	Listing a given version


  	Comparing two versions


  	Searching a multi-version text


  	Finding out what is a variant of what


  	Creating and updating an MVD



The first four operations can be performed by relatively simple algorithms in linear time. The fifth operation, however, is considerably more complex and costly. Unless a method can be found to efficiently perform this operation, the advantages of the MVD format will be unrealised. In addition, making MVDs editable would represent an advance over current standoff techniques for representing overlap in linguistics texts (Stuh08; Ide06). In these systems editing the overall representation once created is limited or difficult. Although this may be an acceptable limitation for linguists, who are commenting on or marking up an essentially static text, it is a fundamental requirement for humanists to be able to edit texts that contain overlapping structures (Buzz02; Vett03; Neyt06; Mcga01, 17; Bart06).

An MVD may be created by successively adding versions to an initially empty document. Updating an existing version can be performed in the same way by first deleting the version to be replaced. Creating and updating an MVD thus both reduce to the same operation: that of merging a single version into an existing multi-version document.


Analogies to the Current Problem

The basic problem that underlies this merging operation has already been researched in other fields, in particular in bioinformatics, text processing and humanities computing. Since the solutions in these areas work with different data and with different objectives, none of these algorithms provide a precise match with the current problem. Nevertheless, examining similar areas of research like this is likely to reveal potential pitfalls as well as furnish possible components of the required solution.

Bioinformatics

Biologists have studied the computational alignment of multiple sequences of nucleic and amino acids for over 40 years. These computations reduce to the finding of insertions, deletions, substitutions and transpositions in texts with a restricted alphabet of 4 characters for nucleotides or 20 for amino acids. There are in fact three main sub-fields within bioinformatics that are relevant to the current problem.

Multiple Sequence Alignment

Biologists frequently search databases for similar sequences to newly sequenced genes or proteins (Lesk02, 177). The results, however, are usually a set of close matches whose interrelationships may need further exploration. For example, it is often of interest to trace the evolutionary history of a series of mutation events that gave rise to different versions of a protein. This is the multiple sequence alignment problem (Edga06).

Two-Way Global Alignment

A multiple sequence alignment is usually built up from a series of two-way alignments, for which an optimal dynamic programming solution has existed since 1970 (Need70). This calculates a ‘global’ alignment, because it aligns every character in the two sequences.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-004.png]Figure 4: Needleman-Wunsch Algorithm
 
In Figure 4 a 2-D matrix representing the alignment of the two strings is filled from the bottom right-hand corner to the top left-hand corner, one cell at a time. Each cell is filled with 1 if the letters at those coordinates match, otherwise 0, plus the maximum cell-value of the next row and column down and to the right. Once filled, the matrix can be used to recover a common subsequence with the highest score by following matching pairs from 0,0 down and to the right. There may be more than one such optimal path through the matrix.

Although it is theoretically possible to extend their method to n sequences, the time and space requirements increase exponentially for n > 2. For this reason only the 2-way alignments of all possible pairs of sequences are normally computed, which are then used to construct a close approximation to a global n-way alignment. Even this shortcut turns out to be quite expensive, since the number of possible pairs of n sequences is n(n-1)/2. And the computation of the alignment for each pair of sequences also costs O(MN(M+N)) time, where N and M are the lengths of the two sequences. To give some idea of just how costly that is, the computation of the optimal pairwise alignments of the 36 versions of the Sibylline Gospel (Schm08), i.e. 630 pairwise combinations, each around 2,500 characters long, took 6.6 hours on an ordinary desktop computer.

Progressive Alignment
One popular way of aligning multiple sequences is progressive alignment (Feng87). In this method the global pairwise alignments of a set of sequences are scored for similarity and the results are used to construct a phylogenetic tree, which records the stemmatic relationships between sequences, to act as a ‘guide’ for the merging process. The multiple-sequence alignment or MSA (Figure 5) is then built up by starting with the most similar pair of sequences, adding gaps where needed (and never removed once inserted), then gradually adding in the other sequences as dictated by the guide-tree. Modern examples of this approach include CLUSTALW (Thom94) and T-COFFEE (Notr00), although the latter augments the usual progressive technique with iterative refinement.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-005.png]Figure 5: Multiple Sequence Alignment
  
Disadvantages of Progressive Alignment

Because this method was originally developed to handle short sequences, it doesn’t take account of transpositions, or repeated segments, which appear to be common features of longer protein sequences (Pevz04; Delc02; Gu99).

Also, it is a greedy algorithm sensitive to the order in which the sequences are added to the 
MSA. Alignment errors that occur early on get locked in and lead to greater divergences 
later (Thom94).

The initial pairwise alignments are particularly expensive to calculate. This limits the number and length of sequences that can be aligned.
 
 Progressive alignment is based on the concept of edit distance (Leve66). This is a count of the number of insertions, deletions and substitutions of individual characters that need to be performed to turn one string into another. This can only ever approximate the real biological processes that gave rise to the differences (Lass02, 13; Lesk02, 168).

Partial Order Alignment

A relatively new technique of multiple sequence alignment called POA or Partial Order Alignment has been described by Lee et al. (Lee02) and Grasso et al. (Gras04). The roots of their method go back to Morgenstern’s Dialign program (Morg96). In that method, as in MAFFT (Kato02), highly similar regions within two sequences are first identified. They are then resolved into a non-overlapping set of diagonals in n Dimensions, then added to the MSA using a greedy strategy. Unaligned regions are then processed recursively. The difference here is that gaps are no longer explicitly introduced: they are simply what is left over once the aligned portions have been determined.

POA takes this strategy one step further: it replaces the MSA matrix with a directed graph.  Instead of pairwise alignment they align each successive sequence – in no particular order – to a partly-built PO-MSA (Partial Order Multiple Sequence Alignment). In their method the initial computation of n(n-1)/2 pairwise alignments is not a preliminary step, but is instead integrated into the alignment process. Because a PO-MSA contains far less data than that contained in all possible pairs of sequences, the computational cost is drastically reduced. 

Figure 6 shows their adaptation of the dynamic programming method to the directed graph structure. Instead of aligning two linear sequences within a flat 2-D matrix, in the the PO-MSA method the 2-D matrix becomes a complex planar surface corresponding to the partly merged structure of the directed graph, on the one hand, and the new linear sequence, on the other. At each join between surfaces the program has to decide which surface to align with. Regardless of the order in which the sequences are added to the alignment, each possible pairwise combination of sequences will be considered, since each new sequence is compared to all those already in the graph.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-006.png]Figure 6: PO-MSA Alignment
  
The speed of the program is impressive, but the quality of the alignments is somewhat less than could be achieved by traditional progressive alignment techniques (Lass02). Grasso et al. (Gras04) think the cause is partly that the original algorithm still appears to be sensitive to the order in which sequences are added to the PO-MSA. This is probably because, unlike the progressive method, each new version is aligned only with those versions already in the graph, not with those still to be added.

Disadvantages of POA

 In spite of its innovative data model, the POA graph and associated software can’t handle transpositions or repeated segments. The remaining order sensitivity seems to be an inherent deficiency of this approach.

de Bruijn and A-Bruijn Graphs

The second area in bioinformatics that provides a close analogy to the current problem is a more radical solution to the multiple sequence alignment problem. It evolved from the related field of contig-assembly. Starting in the 1980s DNA sequencing machines were developed which output fragments of DNA, typically 650 base pairs in length (Delc02, 2480). These short segments have to be assembled correctly into longer ‘contigs,’ which is an NP-hard problem. Pevzner (Pevz89), Idury and Waterman (Idur95) and Pevzner (Pevz01) developed a heuristic method in which each DNA fragment was broken up into a series of short overlapping substrings of fixed length. For example, if all possible substrings of length 3 are calculated for the string ‘AGTCGTATAC’, then the original string can be reassembled by overlapping these substrings to form the directed graph of Figure 7.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-007.png]Figure 7: A Sequence Graph

Each node represents two characters shared by its two adjacent arcs, which are labelled with the 3-character substrings. The cycles record the repeats ‘GT’ and ‘TA’. In practice the length of the substrings would be much greater than 3 – around 20 or so (Pevz01, 9751).

This enabled them to reduce the contig-asssembly problem to one of finding an ‘Eulerian’ path through the graph. An Eulerian path is one that visits each arc exactly once, although Idury and Waterman (Idur95, 295) interpret this to mean a path that may cross the same arc multiple times as if it were a set of parallel arcs. The problem can then be solved in linear time by Fleury's algorithm (Aldo00, 202).
 
The original de Bruijn graph represented all possible strings of length k over an alphabet A and was entirely cyclical (Debr46; Good46). An example is shown in Figure 8, which shows all the 3-character sequences of the alphabet {0,1}.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-008.png]Figure 8: A De Bruijn or Good Graph
 
Raphael et al.'s approach is to add insertions and deletions to the ‘de Bruijn’ graph, calling the result an A-Bruijn graph, and to use it as their data representation (Raph04). Although they succeed in representing transpositions (or ‘shuffles’) and repeats, their method only aligns the highly similar regions of protein sequences, while the rest is processed separately using progressive alignment techniques.
 
Disadvantages of de Bruijn and A-Bruijn Graphs

Using directed cycles to represent transpositions leads to complications, as admitted by Pevzner (Pevz01, 9571). For example, if there are several arcs exiting a multiple arc, which of them does one take, and in what order? And what if different sequences need to traverse a multiple arc a different number of times? These complications, although they may be overcome by careful labeling of the arcs, are unnecessary. A variant graph represents transpositions without cycles (Schm09) and repeats can be treated as transpositions in the same version.

Also, what can be the advantage in breaking up the text and multiplying the amount of data by a factor of twenty, then joining it all back up again? Pevzner et al. admit that this actually throws away information, which has to be restored later (Pevz01, 9748).

 The A-Bruijn graph also doesn’t appear to be editable.

Discussion

It is interesting that biologists have now recognised that a useful way to represent multiple sequence alignments might be to use a directed graph instead of a matrix, although they have not yet worked out how best to do this. The mere fact that these approaches are an active area of research, and resemble the variant graph approach, provides a vindication of the overall MVD strategy. Many of the same problems described above will also need to be dealt with when formulating a solution to the current problem.

Anchor-Based Aligners

The third area of bioinformatics that overlaps with the current problem has developed only recently. As a result of the successful sequencing of entire genomes, biologists became interested in much larger scale alignments than had been possible via traditional multiple sequence alignment. The limitation is imposed by the dynamic programming technique and its essentially O(N2) performance and space requirements per pair of sequences. Also, at the level of millions of base pairs, relocation, reversal and duplication events have become impossible to ignore.
 
This need has been met by the rapid development of fragment based aligners, using an anchoring strategy, similar to Heckel's (Heck78) algorithm. Anchoring is the process of first identifying the most similar parts of two or more sequences. Once those have been identified and merged, the program searches for further alignments in the unmerged portions of the sequences. The early fragment based aligners worked only with two versions, e.g. MUMmer (Delc02); MultiPipMaker, based on BLASTZ (Schw00); Avid (Bray03) and LAGAN (Brud03a), and do not handle transpositions, reversals and duplications within the two sequences being compared.

Shuffle-LAGAN

Shuffle-Lagan or SLAGAN (Brud03b) was the first algorithm to add these more advanced editorial operations. However, the authors decline to define a mathematical model for these events and their costs (i56). The program is not symmetric: two different results will be obtained if the two sequences are presented in the opposite order. It is also rather slow; the authors quote a running time of 25 CPU-days to align the human and mouse genomes (i56).

Mauve

Mauve (Darl04) handles transpositions, reversals and duplications, and multiple long sequences. Like the other fragment-based alignment programs, Mauve is based on anchors. The alignment process is shown in Figure 9.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-009.png]Figure 9: Anchor-based Alignment in Mauve
 
In the first stage the program searches for Maximal Unique Matches across all the versions, the so-called ‘multiMUMs’. The multiMUMs are used to generate a phylogenetic guide tree. Successive multiMUMs that don’t overlap are then merged into local co-linear blocks or LCBs (2).  These act as anchors and allow the identification of further multi-MUMs within and between the LCBs. The identification and merging of LCBs then proceeds recursively (3). Finally, progressive alignment is performed on each LCB using the guide tree.

 The authors don’t say how fast it is, but it must be slower than Shuffle-LAGAN since it deals with more versions and uses progressive alignment. Its weakest point appears to be that it has no special data representation for the transpositions, and instead uses colour and interconnecting lines to adapt the traditional MSA matrix display.

Discussion

Unlike the dynamic programming techniques considered earlier, fragment based approaches are able to process much longer sequences. They are also able to identify transpositions. If the progressive alignment stage is removed, they also have the potential to be very fast.

Transposition Algorithms

The transposition operation, which is a key part of the current problem, has been little studied in the fields of source code management (version control) and text processing. For these purposes simply calculating the insertions and deletions between two texts at a time, the so-called ‘diffs’ usually suffices. Tichy (Tich84), for example, reports that adding transposition to the standard diff algorithm for source code management systems only improved performance by 7%. Apart from a couple of practical algorithms for computing transpositions, most of the work is theoretical.

Heckel's 1978 algorithm is the earliest known (Heck78). It first identifies all the unique lines shared by the two strings, and extends them on either side as long as they match in both versions. If the order of these blocks differs in the two versions they are considered transposed, and otherwise aligned. His method, however, fails if there are no unique lines shared by the two strings. 

Tichy (Tich84) proposed a linear time algorithm using a suffix tree for finding what he called the ‘minimal covering set’ of block moves between two strings. He defines a covering set to mean that every character appearing in both strings is covered by some block move. As shown in Figure 10, a minimal set is just a set of such moves of minimal size. Neither string need be entirely covered by the moves, however, and the moves may overlap.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-010.png]Figure 10: Tichy's Minimal Covering Set
 
On the theoretical side, the complexity of the transposition problem was first investigated by Wagner (Wagn75). He proved that even the addition of simple transpositions of two adjacent characters changes the computational complexity of the edit distance problem from quadratic to NP-complete.

The edit distance problem with block moves was then investigated in depth by Lopresti and Tomkins (Lopr97). They examined variations of the problem in which:


 	The blocks are disjoint, i.e. they don’t overlap, denoted by D, or if they do by [image: ../../../vol3/graphics/Schmidt01/Schmidt01-011.png].


 	The blocks form a cover, i.e. the transposed blocks occupy all of the text, denoted by C or by [image: ../../../vol3/graphics/Schmidt01/Schmidt01-012.png] if they don’t.

 


For each of the possible combinations of C,[image: ../../../vol3/graphics/Schmidt01/Schmidt01-012.png],D,[image: ../../../vol3/graphics/Schmidt01/Schmidt01-011.png] they examined the cost of computing the string edit distance between two strings A and B. Using the C,D notation the CD-CD problem is the computation of the string edit distance for a disjoint cover for strings A and B. They reduce each such combination to job scheduling – a known NP-complete problem (Gare79). They conclude that the only variations that are not NP-complete are those involving [image: ../../../vol3/graphics/Schmidt01/Schmidt01-012.png][image: ../../../vol3/graphics/Schmidt01/Schmidt01-011.png] for one of the sequences.  It is clear that the current problem here is [image: ../../../vol3/graphics/Schmidt01/Schmidt01-012.png]D-[image: ../../../vol3/graphics/Schmidt01/Schmidt01-012.png]D, which is NP-complete. These results are confirmed by Shapira and Storer (Shap02).

Discussion

The practical solutions in this section are not much use for the current problem since they only deal with two versions at a time. Also, since the current problem is NP-complete, it will not be possible to design an algorithm to calculate an optimal solution with respect to edit distance. This is not as bad a result as it seems, since:


 	there is no generally agreed measure of edit distance for transpositions, as there is for insertions, deletions and substitutions


 	just as evolutionary events are not precisely modelled by edit distance, so too an ‘optimal’ alignment in a computational sense may not correspond to an optimal alignment in an aesthetic sense.



A well-designed heuristic algorithm, then, might actually produce better results, as well as take less time.

Collation Algorithms

The third area of analogous research belongs to the more familiar field of humanities computing. A collation program is designed to automate a manual task: the comparison of a number of texts to discover their differences, and output them as an apparatus criticus (Shil96, 134). These differences could then be used to construct a stemma or phylogenetic tree, which would in turn be used in the establishment of the one ‘true’ text (Gree94, 359-360). Clearly, this process belongs to the age of print, but even in the modern digital era there is still a need to compare texts. The current problem can be regarded as a reframing of that process for the digital medium.

Sliding Window Collators

Froger (Frog68, 230) describes the execution of what was probably the world's first collation program, running on a Bull GE-55 computer that had only 5K of internal memory. It compared two texts, one word at a time. If there was a mismatch the program gradually increased its lookahead to 2, 5, 25, ... words, comparing all of the words with one another in this window until it found a match, then sliding the window on by one word at a time. This allowed it to recognise insertions, deletions and substitutions over short distances.

This sliding window design, although later much enhanced, appears to have been the basis of all collating programs until recently. Its main disadvantages are that it can’t recognise transpositions, and that it will fail to correctly align inserted or deleted sections larger than its window size. Computational complexity for each pair of versions is O(NW2), where W is the sliding window size, and N is the average length of the two sequences. Typically a modern collation program will compare each version against a single, and possibly idealistic, base text. Examples include COLLATE (Robi89, 102) and TUSTEP (Ott00).

Progressive Alignment

Spencer and Howe (Spen04) apply biological progressive alignment to medieval texts of the Canterbury Tales and Parzival. They point out that current automatic collation techniques mimic the original manual process too closely. In particular they object that comparing each version against a base text omits important comparisons between individual witnesses. However, their main objective is to generate a phylogenetic tree or stemma, rather than to produce an apparatus.

JUXTA

JUXTA (Mcga06) is an open source program, whose collation algorithm is an adaptation of Heckel's (1978). The adaptation consists in reducing the granularity from a line to a word, and in calling it recursively on the unaligned parts. JUXTA collates plain text with embedded empty XML elements as milestone references, like the COCOA references in COLLATE. JUXTA can also be used to produce an apparatus criticus.

MEDITE

 MEDITE (Bour07) is a two-way alignment algorithm based loosely on the fragment based aligners Shuffle-LAGAN and Mauve. The advantage of this approach, in which the transpositions and matches are identified first, then substitutions, insertions and deletions, is that a linear performance can be achieved. The algorithm is basically:


 	Normalise the two texts in some predefined way, e.g. removal of punctuation, reduction to lowercase, removal of accents etc.


 	Build a generalised suffix tree between strings A and B, as described in (Gusf97, 125). This calculates MUMs between the two strings in linear time.


 	Decide which matches are aligned and which are transposed. Since the number of combinations of matches generated by step 2 is exponential, a LIS heuristic (Guye97) is used to find a good alignment.


 	Repeat steps 2 and 3 recursively between each pair of aligned blocks.




Disadvantages of Collation

Collation algorithms have several potential weaknesses. They are mostly slow, and generally collate plain text, rather than XML. Nowadays transcriptions of documents in linguistics and the humanities are more likely to be in some form of XML. The problem is that if one collates XML, then the generated apparatus will contain unmatched tags. Markup will then have to be ignored, but that means losing valuable information.

The inclusion of COCOA or empty XML references embedded in the text precludes the use of any other kind of markup, such as structural markup. But references are only needed for attaching the apparatus to the main text, and this could be done away with in a purely digital edition.

Comparison needs to be between all versions at once. Currently only Spencer and Howe's (Spen04) method achieves this.

Transpositions need to be detected, especially when a work is witnessed by many independent copies. Few of the algorithms do this, and none over n versions.

Taken together, the most advanced algorithm appears to be Bourdaillet's (Bour07). However, it can only consider two versions at a time, and so cannot be directly applied to the current problem.

A Fast Algorithm to Merge n Versions with Block Moves

The preceding sections have described the various techniques and pitfalls of aligning n versions with or without block transpositions. As explained at the beginning of this paper, if the MVD concept is to become a viable solution, some means must be provided to update an MVD with the text of a new or existing version. This can only be achieved if a number of conditions are met:


 	It has to work in ‘real’ time, so that the user doesn’t lose interest in the process. In other words, the algorithm must terminate correctly in the order of seconds, rather than minutes, hours or days.


 	It has to detect transpositions automatically.


 	It doesn’t have to produce 100% accurate alignments, but it should be accurate enough for the user not to notice.


 	It needs to update by aligning the new version with all versions currently in the MVD. Otherwise editing will gradually degrade the quality of the alignment.



Alignment Without Transposing

Before considering the complications arising from transpositions, the algorithm’s processing of direct alignments will be described. This will simplify the transposition case and provide a better overall understanding of how the algorithm works. For direct alignments the procedure is basically:

Algorithm 1


1. Find the longest MUM (Maximal Unique Match) between the new version and the versions of the variant 
graph.
2. Merge the new version and the graph at that point, partitioning them both into two halves.
3. Call the algorithm recursively on the two subgraphs, each spanned by one segment of the new 
version.

Finding The Best MUM

When comparing two strings, a Maximal Exact Match, or MEM, is a sequence of consecutive matching characters in both strings that cannot be extended at either end. A MUM, or Maximal Unique Match, is a MEM that occurs only once in the two strings (Delc02). In Figure 11 ‘the quick brown fox’ and ‘ brown fox jumps over the ’ are both MUMs, while ‘the ’ is a MEM that also occurs elsewhere.

 [image: ../../../vol3/graphics/Schmidt01/Schmidt01-013.png]Figure 11: Maximal Exact Match and Maximal Unique Match
 
In the current problem MUMs will be sought between the new version being added to the graph and the entire graph, the longest of which is the best MUM. They need to be MUMs and not MEMs because otherwise erroneous alignments would be generated. For example, choosing arbitrary instances of multiple spaces at the start of lines, or repeated sequences of markup tokens as points of equivalence would lead to serious misalignments.

Finding the best MUM is related to the problem of finding the Longest Common Substring (LCS) between two strings. A naive approach to finding the LCS might look like this:


 	Examine each character in the first string and compare it with each character in the second string.


 	If the two characters are the same, continue comparing successive positions in the two strings until you get a mismatch.


 	Store the match in a table. If it was already present, increment its count by 1.


 	Once all characters in the first string have been used up, the best MUM is the longest string in the table whose frequency is 1.



Two problems with this naive approach are immediately clear: firstly it is inefficient, since it will take O(MN) time, where M and N are the lengths of the two strings. Secondly, the number of strings in the table will be enormous, as many as M2N2. A much faster and more space-efficient way is to use suffix trees.

A suffix tree stores all the suffixes of a given string. In Figure 12 each path from the root to a leaf spells out one possible suffix of ‘Woolloomooloo’. In the leaves are stored the start position of each suffix in the original string. A node labelled λ indicates that at this point in the tree a suffix occurs with no further text, e.g. for the suffixes ‘oo’ and ‘o’. A suffix tree can be used to find any substring of length M in that string with just M comparisons, however long the string may be.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-014.png]Figure 12: A Suffix Tree of ‘Woolloomooloo’
 
A suffix tree can be constructed in linear time using Ukkonen's algorithm (Ukko95). The LCS between two strings can also be calculated in linear time by building what is called a ‘generalised suffix tree’ (Gusf97, 125). A generalised suffix tree represents n strings instead of 1. For two strings this method constructs a suffix tree from one of the strings in linear time, then carries on building the same tree with the second string. The leaf nodes are labelled by the number of the string and the starting index in either or both strings. Any internal node that has only two leaves as children, one from each string, or any leaf shared by the two strings, must be the suffix of a MUM. The MUM itself can be recovered by counting backwards in both strings until a mismatch. 
 Unfortunately, it is unclear if one can build a suffix tree from a variant graph. How are the suffixes to be identified, and how can one represent starting offsets within arcs that belong to multiple versions? In any case the gains from using a generalised suffix tree appear to be minimal in practice, since its use greatly increases storage requirements.

The method adopted here resembles the streaming technique used in MUMmer (Delc02). In this method only one suffix tree is built. The other sequence is then streamed against it to find matches.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-015.png]Figure 13: Finding Matches 
 
The place of the streamed sequence can be taken by the variant graph, whose characters can be exhaustively listed by breadth-first traversal (Sedg88, 430f). Each successive character from the graph is traced in a suffix tree built from the text of the new version, as shown in Figure 13. At the end of an arc, for example, at node 3, MATCH calls itself recursively on each diverging arc until a mismatch occurs. At this point the MATCH procedure has detected a raw match, of which there are likely to be very many. Since all that is wanted is the longest MUM, some filtering of matches is clearly required.


 	Any match shorter than a minimum length (typically 3-5) can be discarded. The user, however, may set this  to 1 for a  finer-grained alignment.


 	Many matches are not unique in the suffix tree. Any match that terminates in an internal node shares a path with some other suffix in the tree, and can be discarded. This also cuts out most short matches that pass the first filter.


 	Most remaining matches are not maximal. This can be tested for by comparing the two characters immediately preceding the match in the new version and the variant graph. If they are the same, the match is not maximal and can be discarded.



Candidate MUMs surviving these tests are passed to the UPDATEMUM procedure. Experimental data suggests that, with a minimum match length of five, only about 15% of matches that make it through the three filters are not MUMs.

Time Complexity of the MATCH Procedure

The cost of scanning for matches between the graph and the new version is O(M(1+[image: ../../../vol3/graphics/Schmidt01/Schmidt01-016.png])), where M is the number of characters in the graph, and [image: ../../../vol3/graphics/Schmidt01/Schmidt01-016.png] the average length of a match in the suffix tree. In the case that the graph and the new version have no characters in common, exactly M comparisons will be made. On the other hand, in the worst case that the graph and the new version are identical, the program will require NM/2 comparisons. So the time complexity lies between quadratic and linear, depending on the number and distribution of differences between the graph and the new version.

Updating the MUM

The candidate MUMs, and their frequencies, are stored in a hashtable. When a new candidate MUM arrives from the MATCH procedure, and is already present in the table, its frequency is incremented, otherwise it is added to the table with frequency 1. After the scan of the variant graph is complete, the longest match in the table whose frequency is still 1 will be the best MUM. The cost of each update to the hashtable is constant, and the cost of the final searching through the entries to find the best MUM is an additional linear cost for the whole operation, which has no effect on the time complexity of the algorithm.

Merging the MUM into the Graph

Having found the longest MUM, the next step is to merge the new version with the variant graph at that point. In fact, before searching for the MUM the new version has already been added to the variant graph as a special arc connected to the start and end-nodes, as shown in Figure 14.
 
[image: ../../../vol3/graphics/Schmidt01/Schmidt01-017.png]Figure 14: Direct Alignment, First Iteration 

Definition 1

A special arc represents a new version as yet unassimilated into the variant graph, and is distinguished in some way from other non-special arcs. In all other respects a special arc is still part of the graph, and does not violate its definition because it is part of the unique path of the new version. In Figure 14 the C-arc is a special arc, and is drawn in grey to indicate its status. A special arc is associated with a MUM, which represents its best fit to the variant graph. In Figure 14 the longest MUM, marked in bold, is ‘</l><l>d’un antico acquedotto di sguardi,</l><l>la sua curva sacra e ’ (‘</l><l>of an ancient aqueduct of glances,</l><l>its curve sacred and ’), taken from the B-version. It can be merged with the rest of the variant graph by splitting the special arc and the graph at each end of the MUM, then adding new nodes as required, and finally connecting the new arcs to the right nodes. The result is shown in Figure 15.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-018.png]Figure 15: Direct Alignment, Second Iteration 

Figure 16 shows that there are now two subgraphs on either side of the newly aligned section, and two subarcs left over from the special arc. The terms ‘subarc’ and ‘subgraph’ need to be defined because they will be used in the discussion that follows.

 [image: ../../../vol3/graphics/Schmidt01/Schmidt01-019.png]Figure 16: Subgraphs and Subarcs 

Definition 2

A subgraph refers to either the entire graph, minus any special arcs, or to any subgraph thereof that conforms to the definition of the variant graph. It has distinguished start and end-nodes and a set of versions over which it ranges.

Definition 3

A subarc is a special arc left over after the merging of another special arc. In Figure 16 ‘<l>Questa è la ultima porta’ and ‘solitaria:</l>’ are both subarcs.

 Algorithm 1 can now be called on the subarcs and their corresponding subgraphs. This process of alignment and recursion will continue until the length of a subgraph or subarc falls below the minimum, or no further MUMs can be found. In Figure 16, the right subgraph and its subarc can be merged by the shared MUM ‘a:</l>’ and on the left by ‘<l>Questa è la ultima ’. Once those merges have been carried out, however, no further merges of more than one character are possible.

One Small Problem

In the subgraphs of Figure 16, the right subgraph no longer contains a complete A-version. Since the A and B versions on the right are not parallel, it is impossible to tell which portion of A corresponds to the remaining part of the C-version. This is not ideal and does lead to some misalignments. For example, if the text of version C had ended with ‘magic’ instead of ‘solitari’, then, after merging, ‘magic’ would occur twice in the graph, as shown in Figure 17. Order sensitivity has not been entirely banished, as in the POA algorithm.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-020.png]Figure 17: A Non-optimal Alignment

One solution is to optimise the graph subsequently. Anomalies like these can be merged away by reconsidering all combinations of arcs between shared endpoints once the first pass of the algorithm has produced a rough version of the graph. In this way the two ‘magic’s could be identified as identical variants of one another and merged. In bioinformatics such iterative refinement techniques have produced high quality alignments, for example TCOFFEE (Notr00) DIALIGN (Morg96) and MAFFT (Kato02). However, this problem does not so often arise in practice, and its solution is left open for future work.

Adding Transpositions

The addition of transpositions adds some complications to the simple algorithm just described. This section investigates why it is necessary to compute them at all, rather than simply identify them manually. It also describes how transpositions can be distinguished from random alignments between versions, and how they can be efficiently computed by a slight extension to the direct alignment algorithm.

Why Detect Transpositions Automatically?

In texts written by the author evidence of actual transpositions could refute any computational heuristic. Figure 18 shows a clear case of transposition. What need could there be to calculate the presence of transpositions when their existence can be precisely verified in this way?

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-021.png]Figure 18: A Clear Case of Transposition

Firstly, even in manuscripts written by the author, the presence of a transposition may not always be immediately obvious. The author may choose to completely rewrite the sentence or to indicate the transposition by some other means, such as insertion and deletion, as in Figure 19.
 
[image: ../../../vol3/graphics/Schmidt01/Schmidt01-022.png]Figure 19: Deletion and Reinsertion of ‘la sera’

Secondly, in the case of multiple drafts, or multiple witnesses of the one text, the discovery of transpositions between physical versions is extremely difficult using any manual method. Even in the case of original manuscripts with corrections by the author, a good automatic method could produce the correct result most of the time. In that case, the editor would only be obliged to manually intervene in a small number of cases. Exactly how such a manual intervention would work is left for the moment as an open question.

What Constitutes a Transposition?

The edit cost of a transposition in biological sequences is considered to be constant, e.g. Lopresti and Tomkins (1997). If this was also true of documentary texts then even single characters that matched at the start and end of a long document would have to be considered as potential transpositions, but intuitively that isn’t likely.

A metric for assessing the validity of transpositions may instead be modelled as a threshold rather than as an edit cost. Whether a match is a transposition or not seems to be a function of the match's size and the distance between its two halves. Over what ranges those quantities of size and distance may vary can be determined by experiment.
 
A sample of 49 real cases of transposition were manually identified in a wide variety of texts:

 	The Vienna Edition of Ludwig Wittgenstein (Nedo99)


  	The Sibylline Gospel (Schm08)


  	Some texts taken from the plays of Henrik Ibsen by Hilda Böe (Boe08)


  	The Refrains of the 16th century Flemish poetess Anna Bijns (Vand08)


  	The plays of Aeschylus (Page72)


  	The Ulysses of James Joyce (Gabl84)




The results are shown in Figure 20. ‘Size’ means the length of the transposed text and ‘distance’ is the distance in characters between the insertion and deletion points before the transposition was carried out.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-023.png]Figure 20: Transpositions: Size vs Distance

It is clear from this graph that real transpositions are mostly short-range affairs. (Not considered here are 'transpositions' produced by the reordering of entire works within a single manuscript, as in Spen03.) An approximate heuristic is d < |m|φ, where d is the distance between the two halves of the match, |m| its length, and φ is the golden ratio, approximately 1.618034. This ratio is relevant for two reasons: it has been used in the arts since classical times, particularly in architecture, and also it expresses a ratio of relative length: (a+b)/a = a/b = φ. All 49 examples meet this simple criterion. Using such a threshold yields the double benefit of decreasing the amount of calculation while increasing accuracy.

Merging Transpositions into the Variant Graph

Before describing the algorithm it is necessary to explain the difference between merging a direct alignment with the variant graph and merging a transposition. Conceptually a direct alignment and a transposition are very similar: both identify aligned parts in the new version and the variant graph, but in the transposition case the two halves of the alignment are not opposite one another.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-024.png]Figure 21: Merging a Transposition

In Figure 21 ‘parrot’ has been identified as a transposition between versions B and C. Merging has been carried out so that the two instances of ‘parrot’ in versions B and C have been separated from their arcs by the addition of new nodes. This creates two new subarcs ‘the raucous’ and ‘swiftly’ on the left, which are both opposite the same subgraph ‘the dog’. The source instance ‘parrot’ in version B may still participate in further transpositions or even in a direct alignment, for example, if the C-version read ‘a surprised parrot’ instead of ‘a surprised lorikeet’. There is no harm in this, and in fact this is one way to detect repetitions. Apart from the addition of a node or two, merging a transposition does not materially change the structure of a variant graph. All that happens is that one half of the match is marked as the parent (in this case the B-version), and the other as the child (version C).

A Simple Algorithm for Detecting Transpositions

The place to look for transpositions of a special arc is thus anywhere except in its opposite subgraph and any arcs parallel to it. But in order to apply the threshold formula derived above to restrict the range of that search, there needs to be some accurate and reliable way to specify the distance between the two halves of a transposition. In Figure 22 the special arc, shown in grey, spans its subgraph, which is shown in the context of the overall graph. The special arc contains two matches, shown as thicker lines. The distance between the two halves of each match is measured backwards or forwards, following the shortest path, from the end of the match in the special arc to the start of the transposed text in the graph. The objective here is not to solve the shortest path problem optimally – in fact, the very idea of using a shortest path is itself a heuristic – but simply to provide a fast way to estimate distance. A simple breadth-first traversal combined with a greedy calculation of the shortest path to any node from its immediate predecessors provides the appropriate linear performance.

[image: ../../../vol3/graphics/Schmidt01/Schmidt01-025.png]Figure 22: Measuring Transpose Distance 

This measurement process also suggests an algorithm. To find what transpositions are possible for any special arc one only has to look to the left and right of the immediately opposite subgraph of a special arc, as far as the threshold formula allows. For any special arc A there is no point looking further than |A|φ bytes to the left or right. Of course, any match m that is found, where |m| < |A| also has to pass the threshold formula. Algorithm 2 uses this technique to modify Algorithm 1 to include transpositions, and also adds a bit more detail from the above discussion.

Algorithm 2


1.  Set currentArc to a special arc made from the new version
2.  Set currentGraph to the variant graph
3.  Attach currentArc to the start and end of currentGraph
4.  Compute the bestMUM between currentArc and currentGraph
5.  Create a priority queue specials of tuples {Arc,MUM,Graph}
6.  WHILE bestMUM is not NULL DO
7.    Merge bestMUM into currentGraph.
8.    FOR each subarc created by the merge DO
9.      Compute the directMUM, leftTransposeMUM and rightTransposeMUM
10.     Set MUM to the best of the three
11.     IF MUM is not NULL THEN
12.       Insert {subarc,MUM,subgraph} into specials; keep it sorted
13.     END IF
14.   END FOR
15.   POP {currentArc, bestMUM, currentGraph} from specials;
16. END WHILE


Algorithm 2 creates a priority queue of triples Ai,Mi,Sj, where Ai is a special arc, Mi is its best MUM with the graph, and Sj is its opposite subgraph. It has a j subscript, not i because, as explained above, more than one special arc may share the same subgraph. The queue is kept sorted on decreasing length of MUM (line 12). In line 7 the longest MUM is used to create 0-2 new subgraphs and subarcs. Each new subarc, together with its  subgraph and its best MUM, are added to the specials queue. When the queue no longer contains a valid MUM the program terminates.

The calculation of the two transpose MUMs uses the same process as the direct MUM, except that the variant graph is searched  backwards on the left hand side from the start node of the subgraph, and forwards from its end node, as shown in Figure 22. The best such MUM found is recorded as the left or right transpose MUM for the special arc. In choosing the best of three in line 10, if a transpose MUM and a direct MUM are of the same length, the direct MUM is preferred.

This algorithm is admittedly naive, but it is easy to implement. In reality transpositions are often composed of imperfectly matched sections, that is, literal matches interspersed with small variants, deletions and insertions. Refinement of the algorithm to allow for such fuzzy matching is left for future work. For the moment, this simple atomic approach to transposition produces satisfactory results.

Time Complexity of Algorithm 2

There are three operations that have greater than constant cost:


 	Calculation of Direct Align MUMs (lines 4, 9). Since Algorithm 2 subdivides and recurses into smaller and smaller sections of the graph without recalculating MUMs except where a merge has been made, this process is essentially linear. The speed of the merge operation is thus governed by the cost of calculating the best MUM, which is O(MN).


 	Calculation of Transpose MUMs (line 9). The same observation applies to transpose MUMs, and its cost is likewise governed by the cost of computing the best MUM.


 	Keeping the specials Queue Sorted (line 12). Using a red-black tree the cost is only O(log Q), where Q is the queue length (Sedg88, 218f). This has no impact on the overall time complexity because it is always much cheaper than the cost of computing MUMs.




Thus, summing the direct alignment, transposition and sorting costs, the time complexity of merging one version into a variant graph using Algorithm 2, with block transpositions, is O(MN) in the worst case.

Experimental Performance of Algorithm 2

Algorithm 2 has been written up as a test program called MergeTester (http://www.itee.uq.edu.au/~schmidt/downloads.html), and has been run on a wide variety of multi-version example texts. The parameters measured are: author, title, average version size in kilobytes, number of versions, approximate date of manuscripts, total time to merge all versions in seconds and average time to merge one version after the first. Times were computed on a 1.66GHz processor. The test program was single-threaded.

Performance of Algorithm 2 on Example Texts


Table 1
	Author	Title	Size	# Versions	Date	Total Time	Time Per Version


	Galiano	El mapa de las aguas	36.0	3	1993	8.0	4.0

	Chedid	La robe noire	1.3	2	1996	0.2	0.2

	Bijns	Refrains	15.4	3	16th C.	5.0	2.5

	Huygens	Ooghentroost (fragment)	3.4	6	17th C.	2.0	0.4

	Cerami	La donna serpente	12.0	9	1991	7.6	1.0

	Cerami	Le visioni del calvo	12.0	5	1991	2.9	0.7

	Cerami	L'uovo di colombo	12.0	8	1991	3.0	0.4

	Cerami	Nascosti tra la folla	12.0	7	1991	4.9	0.8

	Cerami	Paul Newman	10.0	8	1991	5.7	0.8

	Cerami	Una donna alta	12.0	11	1991	16.3	1.5

	Magrelli	Campagna romana	0.6	15	1981	0.8	0.05

	ANC Corpus	Adams Elissa	3.4	5	20th C.	7.0	1.7

	Anon	Sibylline Gospel	3.0	36	4th-12th C.	28.4	0.8

	Malvezzi	El Rómulo	98.2	5	17th C.	68.0	17.0







Alignment Quality

As pointed out in Darling et al. (Darl04, 1398), anchor-based alignment techniques that detect transpositions are very difficult to assess objectively. For multiple sequence alignment programs the manually aligned Baslibase archive (Thom99) has been used as a measure of alignment quality. No such benchmark also exists for texts aligned with transpositions and repeats. Visual inspection is subjective, very difficult, and likely to miss many errors. All that can be said at this stage is that, with the exception of the Malvezzi texts (see below), all of the alignments appear to be of good quality, with few missed transpositions or misalignments.

Conclusion

The problem of how to merge n versions of a text into a variant graph is closely related to applications in biology that seek to compare genetic or amino acid sequences. Their output has traditionally been either a set of aligned sequences or a phylogentic tree showing the interrelationships between versions. Transpositions were not considered.

Like the biologists, humanists have also developed programs to ‘collate’ or compare versions to find differences, originally with a view to constructing the apparatus criticus of the print edition (a kind of alignment), and also a stemma (a kind of phylogenetic tree). Recently they have also tried to apply biological techniques to their texts.

The biologists have recently realised the importance of transpositions, and have tried to create new methods for genome comparison that includes them. Some of these new techniques seek to replace the traditional matrix representation of a multiple sequence alignment by a directed graph. Their graph models, however, are much more complex than the variant graph, although they represent practically the same information. They are also very slow to construct if they attempt to align individual characters. None of the biological programs can be directly applied to the different requirements of humanities and linguistics multi-version texts.

The inclusion of transpositions renders the problem of calculating an optimal alignment between multiple versions intractable. But an optimal alignment is not really necessary. Instead, a heuristic method for aligning n versions with block transpositions has been described, which has O(MN) performance in the worst case, and is often much faster. It uses a novel technique for filtering transpositions via a simple threshold formula, which reduces the amount of computation while increasing accuracy. In texts of typical length of around 50K it can add or replace a version in a variant graph or multi-version document in a few seconds.

Although this represents a ‘first cut’ at solving a difficult problem, results are encouraging enough to demonstrate the viability of using variant graphs or MVDs to overcome the long-standing problems of how to represent ‘overlapping hierarchies’ and multiple versions in humanities texts.
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My friend David Ezell, the chair of the World Wide Web Consortium’s
XML Schema Working Group, wrote me recently: Best laid plans, and
careful designs, often degenerate into unintended consequences in the
face of SCALE.[1]


I have been thinking a lot about that, lately.

When we scale up from a prototype or experimental system to production
work, or when we scale up from a niche product to a mass product, things can 
go wrong in a number of ways:


	Maybe things don’t run fast enough, so they can’t keep up
with the volume of data that it takes to run something in production.


	Maybe we failed to foresee that when usage grows,
or the quantity of some particular resource grows (changes in scale),
that some other resource is going to become scarce, and we’ve neglected 
to take steps to conserve it.


	Maybe we’ve failed to remember that the successful delivery 
of the first part of a multi-part solution can change the environment within which
and in terms of which the problem was identified, in such a way that the second 
and third parts of the proposed solution no longer fit because the problem has 
changed shape. Or more generally: we may have failed to see that the
salient properties of today’s situations are not necessarily permanent. And 
although we are trying to plan for the long term, we end up deciding (for example),
that namespaces cannot possibly be declared using processing instructions, 
because Netscape 3 would do the wrong thing with them. And it’s essential that 
namespaces be deployable in the browser. Neither of those constraints seems to 
have quite the same force today that it did when the namespace technology was 
being designed. Netscape 3 is no longer the standard browser in at least many
organizations [laughter], and the people responsible for HTML and W3C’s interface 
to the browser seem to have changed their minds about how essential it is that 
namespaces be deployed in the browser in the first place.


	Or we could simply fail to predict the true complexity of the
environment within which our system will be asked to operate, or the true 
difficulty of the problems it’s going to be asked to help solve.




Thinking about it this way I have begun to think that in one way or another almost
every paper at this conference has touched, directly or indirectly, on some problem 
relating to scale.

First, of course, there’s the problem of speed and streamability.

We’ve heard a lot this week about the problems of speeding
up XML processing and constraining its memory requirements
in order to allow users to process larger and larger streams of data.

On Monday we had a full day on the topic. starting with extremely clever 
work first on a chip intended to accelerate XML processing in the software 
running in the hardware containing the chip [Leventhal],
or an entire XML system on the chip, with parser and XSLT processor and 
schema validator and XML signature processor, and so on [Salz].
And the team from Simon Fraser University led by Rob Cameron told us about an 
extremely ingenious use of the parallel instructions on newer chips intended to 
support multi-media, to support instead parallel parsing of XML [Cameron].
I take a certain pleasure now in recollecting that one of the problems Charles
Babbage struggled with for a long time was to improve the behavior and
performance of his mechanisms for carrying digits from one column to another, 
because of course one carry could lead to another carry, could lead to another 
carry. And making that happen fast was a serious problem for Babbage.
It gives me particular pleasure to recollect that, because Rob Cameron 
has observed that his team have been able to simplify and refine their 
technique to the point where the entire technique revolves around this one 
problem of making a carry bit go from one context to another when needed:  
everything can be reduced to that one problem. It’s nice how much continuity 
there can be in technological history.

Layered above those low-level problems, there are similarly
complex problems at higher levels.

On Monday, David Lee demonstrated that XML processing is
no exception to what some old-timers have described to me as
an eternal law of data processing:  context switches are really expensive.
and you really want to avoid them [Lee]. Why does the 
flagship Oracle database ship with its own programming language, instead 
of just using the techniques which are the core of the SQL standard to allow 
users to call SQL from C or Cobol or Fortran or whatever programming 
language they  want to use? A grayhaired researcher from Oracle once 
told me, no, it was not because they had hot-shot programmers who just
couldn’t rest until they had invented yet another programming language 
with yet another syntax and yet another function library and yet another 
set of quirks. It was because every time the database system threw control 
over the wall to the application and then the application 
threw control back over the wall to the database system, they lost several 
hundred milliseconds.  A hundred milliseconds here, a few hundred there. 
It begins to mount up.

Mohammed Zergaoui illustrated that these are not simple problems 
[Zergaoui].  Even defining what streamability 
means, and what the rules for streamability ought to be, is not simple. What are 
the tradeoffs among pure streamability, something that’s not strictly streamable 
because its memory requirements grow without bound, but grow only very 
slowly, so it’s sort of mostly streamable, and rules that allow 
a process to be kinda sorta streamable, on a good day, if the wind doesn’t 
change? It’s more complicated than you might think at first.

Maybe that’s why David Birnbaum found, when he ran into his XPath 
quicksand [Birnbaum], that the system he was using wasn’t 
in much of a position to explain to him why his query was painfully slow.  It 
took careful experimentation by systematically changing first one part of 
the program, then another, in the carefully calibrated process known to
professional programmers as random guesswork, to find the bottleneck. And 
then it took human eyes to examine that part of the query and explain why it 
was so slow.  It then took more random, er, systematic, experimentation to 
find alternative formulations of the problem that would behave better in that
particular implementation.

David concluded by observing that the best performance of all on the 
problem was achieved when the developers changed the behavior of the 
implementation on that kind of query, under the hood. But I draw a slightly
different moral from his experience escaping from that quicksand:  those of 
us on the user side of the keyboard are not powerless; with application and 
determination and a little luck we can help ourselves to better performance, 
even if we can’t get much help from the developers.  Work on scalability is 
not an exclusive club:  anybody can play the game, if they are willing to do 
the work.

Norm Walsh gave hope to those who really would prefer that other
people do that work, by observing that as far as we can tell, based on our 
minimal understanding of what the usage patterns will be for an extremely 
new language, most typical XProc pipelines will be streamable, so that an 
aggressively optimizing processor can hope to provide good performance 
even if the user does nothing [Walsh].

Michael Kay gave us an enlightening discussion of the push/pull 
duality in pipelines, and illustrated a surprising point about the way things 
scale over time [Kay]. When one part of a problem or 
system changes scale dramatically, the character of the problem changes, 
and we often need new algorithms.  So if you look at textbooks published in 
the 1980s, their description of sorting doesn’t look like the same thing as the 
descriptions of sorting published in textbooks in the 1970s. Why? Because 
the kinds of things people needed to sort had changed — or rather, 
the kinds of things people needed to sort were much the same, but the 
underlying hardware was so different that you could have an entirely new set 
of algorithms that performed much better. Over time it can happen that the 
other factors in the system catch up, and the system regains something like 
its original overall proportions, the problem changes again, and we may find 
that techniques developed in the 1970s for program inversion are practially 
relevant again. Knuth’s discussion of tape sorting has never lost its purely 
mathematical interest and beauty.  But nowadays, programmers may be reading 
it not for the sake of its mathematical beauty but to help them optimize current 
systems, which aren’t using tapes but are using storage which, like tapes, is 
slower than core.  (Do I date myself if I call it core? I guess I 
do.  Sorry; I never learned to call it anything else.)

Tomasz Müldner’s work on queryable compression for XML shows 
that, as with time, so also with space:  if you apply enough ingenuity you may 
find ways to reduce space requirements without impairing usability (at least, if we 
take queryability as a reasonably good proxy for usability) [Müldner].


There’s another sense in which we speak of things scaling up. Some 
people are interested in any technology only to the extent that it has large 
numbers of users.

If you want a large number of users, the World Wide Web appears to 
be an inescapable model, or object of contemplation.

How did that happen?

Why did the World Wide Web become quasi-universal? In the early 
1990s it was one of several hypertext systems. HTML and HTTP were not 
better developed that Guide or System G.  In fact, everybody I know who 
actually knows all of those systems tells me that Guide and System G were 
much more impressive than the first HTML browsers.

Why was it that the World Wide Web spread, and became quasi-universal, 
and not Guide or System G?

There’s a story that people tell, that in the early ’90s, this guy at 
CERN, Tim Berners-Lee, proposed a paper to the European Conference on 
Hypertext (ECHT). In it, he described a system he wanted to build, which would 
provide essentially a world-wide hypertext. The paper, famously, was rejected.

How the rejection is interpreted, and thus the next part of the story, 
depends on who is telling it. I have heard people associated with the World 
Wide Web Consortium tell it as a story of reviewers who were essentially blind. 
They were fixed in their ways, they understood how existing systems did things, 
and the Web wasn’t going to do things that way.  So the reviewers said, 
It’s impossible; hypertext systems will never scale to those dimensions.  
It can’t be done; the paper is technically naive. The story illustrates, 
in this telling, how new ideas are often misunderstood.

I talked once with someone who had a number of friends among the 
program committee of the European Conference on Hypertext.  From that 
person, I heard a slightly different version of the story.  The reviewers read 
the paper and said yes, you can build a system like that.  We’ve all 
built toy hypertext systems, systems that don’t do anything to ensure link 
integrity and don’t care about findability.  We’ve built them; but they are not 
interesting. They are not capable; we are interested
in better systems than that. The paper would be interesting if it had some new 
method of dealing with link rot or discoverability, but there’s nothing here about 
either topic.  So the paper offered nothing new,
and was rejected on that ground.

Actually, the reviewers did miss something. Maybe Tim didn’t explain 
it in the clearest possible way, but the technical innovation in the World 
Wide Web’s treatment of broken links is to say Yeah, they happen. 
Deal with it.  The mechanism that runs fastest and scales best is 
the mechanism you don’t have to build at all. By just saying that we won’t 
have any mechanism at all to deal with those problems, Tim was able to 
achieve what I believe must have been his primary technical design goal for 
the World Wide Web:  he made it scaleable. It’s decentralized; at least initially 
Web browsers and Web servers could be relatively simple (I don’t think that
modern Web browsers are dramatically simpler than Guide, but the initial 
ones certainly were); and it encourages low expectations on the part of the 
user. Those are all recipes for good scaleability.

But those properties don’t explain why the Web became universal;
at most, they explain why, when it became universal, it was able to survive 
the transition.

I think the reason the Web became universal was that it provided 
an advantageous cost/benefit ratio to huge numbers of people.  Lots of 
people found it worth their while to set up a Web server and start serving
pages.  It was easy enough to set up the server or to write HTML that even 
the relatively modest payback in kudos or visibility or convenience was 
enough to justify the expenditure of effort to make it happen. Of course, 
the initial Web site hosts were typically technical people interested in doing 
fun things, or interested in disseminating information, not necessarily people 
seeking to make a buck. but it illustrates what I have come to call the Paoli
Principle, named for Jean Paoli, one of the co-editors of the XML 1.0 
specification, who is probably more responsible than any other single 
human being for getting many different product groups within Microsoft to
take an interest in XML, and therefore probably more responsible than any 
other single person for the ubiquity of XML as an infrastructure in today’s
commercial IT environment.

Jean has frequently said If you ask people to expend five 
cents worth of effort, then you need to give them five cents worth of benefit, 
very quickly. Ideally, you’d like to give them ten cents worth of 
benefit, but at the very least they have to make back their effort. And if 
you don’t manage that, then it’s only some who is already suffering severe 
pain owing to other causes who will persevere with your technology.

This leads me to think about Alex Milowski’s talk and the state of
XML on the Web [Milowski]. Is XML on the Web a failure? 
or a success?  Good question; sometimes I think, yes, and sometimes I think, 
no, to each of those questions in turn, and sometimes vice versa. If what you 
want is for everybody to use XML, then it’s not a success.  Manifestly, not 
everyone in the world is using XML, and if that’s the goal then the only question 
left is whether we should keep trying, or accept defeat and move on to do
something else with our lives.

If on the other hand your goal, as Murray Maloney was saying this
morning in one of the discussions, was to do things the way you 
want to do them, and not the way some program wants to try to force you to 
do them, and if like some people (including me) what you want to do is to
call things by the names you give them, and not by 
the names some program tries to make you call them by, then XML on the 
Web is a huge success.  I can do what I wanted to do: I can publish, in XML, 
on the Web, and browsers will display it appropriately. I can publish XML on 
the Web and treat HTML purely as a page description language for certain 
kinds of interactive pages, exactly as I treat PDF as a page description 
language for paper pages.[2] I don’t think about the page description language, 
except when I’m trying to design and describe the page.  When I’m editing, 
I can deal with the ontology I choose.

Some of us only ever wanted to be able to publish on the web in 
SGML. We probably expected some others, particularly large organizations 
that had valuable data with valuable semantics, to want to do the same. My
memory may be faulty, but I don’t remember anyone in the SGML on the
Web WG claiming that the criterion for success should be that the large 
body of HTML users should throw down their HTML and take up XML.
I’m sure everyone thought that would be a wonderful thing if it happened,
but I don’t remember anyone saying that that should be the criterion of 
success. Others, not necessarily members of that working group, who
took it as axiomatic that for any technology the only definition of success 
is universal uptake, naturally assumed that universal uptake was the criterion 
of XML’s success. They gave it a one- or two-year deadline (we are speaking 
after all about Web time!) and now ten years later they more or less
naturally conclude that the experiment has been a failure, that XML has 
failed to live up to their expectations, and that we should forget about it.

How do we make XML scale up? Do we need to? Do we wish to?

Perhaps XML’s natural niche is simply a smaller one, in which it is 
used by many people (beneath the hood), but invisible to most of them 
(except for a small number of people, like perhaps many in this room, who 
habitually want to pop the hood and look at what’s happening underneath).


Wide usage can mean having lots of users. But it can also mean wide 
applicability, ubiquity, applications in many areas, and openness to the wider 
community, or at least smooth interoperation with the rest of the world.

I’m happy to see papers about work that pushes XML into new and 
interesting areas of application, and illustrates the problems and opportunities 
in XML’s coexistence with the non-XML part of the universe (yes, I’m told 
there is one).

The work reported on at the U.S. National Archives [Nguyen],
the work on health care data in several papers [Beuchelt],
[McCay], Zoe Borovsky’s illustration that yes, you can take
XML data and use network analysis tools to visualize it [Borovsky].
Even if it does typically mean stripping out all the markup so the network 
analysis tools will read it, still, you can get there.

Mohamed Zergaoui’s illustration that modeling tools don’t necessarily 
have to put angle brackets into the users’ eyes [Zergaoui-bis].

Peter Flynn’s paper on XML editors helps show us what openness 
to the rest of the world may entail in practice [Flynn].

Related to this topic are efforts to push XML into the infrastructure, 
like those reported by Slava Zholudev and Michael Kohlhase, with the goal 
of making an XML-aware versioned storage system [Zholudev]. 

And on the more general topic of our interactions with and our 
responsibilities to the wider community, of course, the memorable talk by 
Kurt Cagle this morning [Cagle].

As Patrick Durusau and Kurt Cagle agreed this morning, it is not 
necessarily our mission to teach others what justice and transparency are.  
But we can, and I think some of us will choose to, try to develop descriptive 
markup and its technologies in such a way as to make it easier for 
technology to support appropriate kinds of transparency and appropriate 
kinds of responsibility.

Now, this is kind of an idealistic line of thought, about our ethical 
responsibility as professionals, and it’s not hard to make fun of it. During 
the first Gulf War a wit [Borenstein] wrote


It should be noted that no ethically-trained software engineer 
would ever consent to write a DestroyBaghdad procedure. 
Basic professional ethics would instead require him to write a
DestroyCity procedure, to which Baghdad 
could be given as a parameter.



We are not the sole repositories of truth.  And what we do to 
benefit the causes which we believe to be right, may also — indeed,
it almost certainly will also — prove useful
to those doing what we believe to be wrong.  The Web was built for fine 
and noble reasons, but it does provide communication and support for
racists, and terrorists, and enemies of all the things we may believe to be 
fine and noble, as well as providing support for those we may agree with. 
The consequences of our actions as technologists are as likely to be mixed 
as are the consequences of any other people’s actions.

And yet I can’t quite bring myself to agree with Patrick Durusau’s
proposal, this morning, that none of us does anything because we think
it will make the world a better place, but only because someone pays
us to do it. A former colleague with whom I disagreed about practically 
everything once hit the nail on the head when he said (to the visible 
dismay of management, who were disconcerted by this independence 
of thought) that he chose to work for our common employer because it 
helped him achieve a specific set of goals for the Web and the world, and 
that the moment he concluded that further employment with that employer 
was not helping him and the world achieve the goals he was working toward, 
he would be gone. Whether we work for employers or for clients, we have 
the choice:  either to work in a particular way so as to have clients, or to 
have clients in order to allow us to work in the ways that we choose.  Or, 
as a character in Lessing’s play Nathan der Weise
put it:  Kein Mensch muß müssen.  No one can be compelled
to be compelled.

The Web shows us that one way to scale up is to make things easy,
to allow faults, to make the system robust in the face of error.

But there is another time-honored method of scaling things up, and 
that is to control error, to mechanize and automate operations, so as to
control complexity and minimize the number of things we have to keep in
our heads at any one point while we’re trying to do  things.

Arithmetic, algebra, symbolic logic are all examples of this approach 
to scalability. They provide mechanical rules for manipulating formulas, so 
that we can think about other things than how to preserve the truth of the 
formula. Formalizations of all kind follow the same pattern, modeling languages
among them.

So it was good to see the papers of Dennis Pagano and Anne 
Brueggeman-Klein [Pagano], and Bruce Bauman 
[Bauman], about interfacing with and interacting with
modeling languages.  There is a long way to go from where we are now 
to really good and comfortable control over semantics and modeling,
but the way to make that long journey is to keep moving.

I’m similarly happy to have heard the papers by Jacques Durand 
[Durand] and Josh Lubell [Lubell] about 
better validation, and of course, I have a soft spot in my heart for the 
philosophers who tell us whether documents can be edited or not, or how 
to formalize their meaning [Renear].

There is yet another sense in which a given set of tools can be said
to scale, or not to scale. They can scale to harder problems, or they can fail 
to address harder problems.

Jens Stegmann and Andreas Witt’s paper [Stegmann],
and the paper by Fabio Vitali’s group in Bologna [Peroni],
the work by Maik Stührenberg and Daniel Jettka [Stührenberg] 
on stand-off markup, and the work reported by  Pierre Edouard Portier and 
Sylvie Calabretto [Portier] — all of these people 
working on complex annotations and complex problems help ensure that 
the technologies we are building will scale in that direction.

And I for one will be forever grateful for the ingenious demonstration
by Desmond Schmidt  [Schmidt]of an application of an
indexing technique based on semi-infinite strings, first developed for the 
New Oxford English Dictionary,[3] to the problem of manuscript collation. I certainly 
never expected to see that application; it’s a beautiful one, and if you didn’t 
hear the talk I encourage you to read the paper.

Of course, the attempt to scale up can be pushed too far. As Tommie
Usdin pointed out in her opening remarks on Tuesday morning [Usdin], 
standards can be and often are pushed on people who have no pressing 
need for them. This results, perhaps, from people determined to increase 
the number of adherents to the standard they themselves have declared 
allegiance to.

But sometimes the right scale for a standard or technology, the right
number of users or application areas, is not large.  Some problems are 
unusual; some requirements are special.  Some communities can be small. 
Some standards meet the needs not of a large community but of a small 
one; there is no need to make the community forcibly larger, in the interests
of standards compliance.

In the same way, technologies have suitable fields of application
which may be large or small, broad or narrow.  For any technology, there 
are things it is not suited some for, areas where it should not be applied.

Of course, when it comes to descriptive markup I don’t really believe 
this for an instant.  If there are applications within IT to which descriptive 
markup really should not be applied, I am not at all sure I’ve seen them.  
But I’ve been told on good authority that this is a theoretical possibility, or 
at least some smart people think so.  Perhaps I’ve just been carrying this 
hammer for too long, but you know, it’s hard to put down the hammer once 
you have discovered that pretty much everything turns out to be a nail if 
you look at it long and intently enough.

It is not standards in themselves that are harmful, but mindless 
adherence to standards that is harmful.

And similarly scale in itself may cause fewer problems than a mindless 
devotion to working at a particular scale of things, an unthinking reflexive 
conviction that to be worthwhile, a thing must be large scale, or small scale, 
or any particular scale.

Mindlessness is harmful.

Don’t be mindless.  Don’t build systems that encourage mindlessness.  
Let us go out from here, when this conference ends, to work on better ways 
to use descriptive markup to support mindfulness, to enhnace it, to augment 
it. Nous réaliserons ainsi les vrais avantages du balisage. In that way, 
we will bring to reality the real benefits of markup, and of Balisage.
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   Abstract
 Feature structures are mathematical entities (rooted labeled directed acyclic graphs) that
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    Data Model). The ubiquitous hierarchical and sequential relationships within XML documents are
    represented by specific features that take ordered list values. The mapping to the TEI feature
    structure format has been implemented in the form of an XSLT 2.0 stylesheet. It can be
    characterized as exploiting aspects of both the push and pull processing paradigm as
    appropriate. An indexing mechanism is provided with regard to the multiple annotation documents
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    result format. In comparison to alternative representations, the TEI-based format does well in
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    (computational) linguistics and knowledge representation. 

  
  Keywords: Overlapping Structures, Multiple Hierarchies, Multiple Annotation, TEI, Text Encoding Initiative, Feature Structures

 
   Copyright © 2009 by the authors.  Used with
    permission.

  
 
 
  Introduction

   As the title suggests, this contribution describes aspects of the use of a certain
   representation format ("TEI Feature Structures") with regard to a specific domain of application
   ("Multiple Annotation") and also concerning a second, much more general kind of scenario
   ("Generic XML Documents"). 

   TEI P5 p5 compliant encodings of feature structures, which we refer to as
    TEI feature structures in this article, will receive much of our attention.
    Figure 1 shows a simple example: the encoding of a certain feature structure
     F1. F1
   serves to characterize a specific class of linguistic entities here, namely nominal phrases of
   the third person singular kind.

  
<fs>
 <f name="CAT">
  <symbol value="np" />
 </f>
 <f name="AGR">
  <fs>
   <f name="NUM">
    <symbol value="sing" />
   </f>
   <f name="PER" />
    <symbol value="third" />
   </f>
  </fs>
 </f>
</fs>
            

  
Figure 1.TEI Encoding of a Feature Structure F1
   There are two features on the top-level of F1:
    CAT with its value np and AGR with an associated complex
   value, which is a feature structure itself. This latter embedded structure consists of the
   feature-value pairs NUM with value sing and PER with value
    third. We will return to the theme of encoding
    F1 below (“Feature Structures in a Nutshell”). Since we will use
   the same example there, it will be possible to compare different syntaxes for the display of
   feature structures in a straightforward way. We do not delve into details connected with the XML
   syntax exemplified in Figure 1 here, since this will be the topic of another part of
   this article (“The TEI Tag Set for Feature Structures”). In the rest of this introductory section, we shall try to
   shed some light upon the two application domains that have been mentioned above. 

   The more specific scenario consists in the integrative representation of annotation
   documents along the approach of multiple annotations
   witt2004. The multiple annotations approach marks a possible solution with
   regard to the markup of overlapping structures. Linguists, e.g., do often encounter XML-related
   problems, when they try to annotate a common core of linguistic data according to different
   levels of linguistic analysis (phonology, morphology, syntax, semantics, and pragmatics). The
   most straightforward way of marking things up might involve the incorporation of crossing edges.
   Such, however, is prohibited on grounds of XML's foundational tree structure. It can be argued
   that such configurations of data with conflicting hierarchies require a different kind of data
   structure, i.e., a multi-rooted tree (carletta2003,woerner2006 and witt2007). A multi-rooted tree consists of several
   trees that span over the same data leaves. The multiple annotations approach now proposes to mark
   up each description level / tree as a document instance in its own right. This allows for each
   document to consist of well-formed XML, the modeling of alternative annotations is possible, the
   levels can be viewed separately, and new levels can be added at any time witt2004. However, such documents may seem to be somewhat unrelated and independent of each other. Witt
   therefore proposes to regard the primary textual data, which have to be identical across all such
   annotation documents, as the defining implicit link between them. Of course, it would be
   desirable to bring such implicit linkages forward as explicit ones. This can be done, e.g.,
   during the course of a transformation to an adequate representation format. We intend to show
   that the ISO-standardized TEI tag set for the representation of feature structures can be such a
   representation format. Pros, cons and alternative strategies with respect to
    overlapping structures are discussed in the pertinent literature, compare
    derose2004, sperberg-mcqueen2007 and carletta2007 for an overview.

   Besides the different stages of the TEI recommendations (p3, p4 and p5), at least one alternative proposal concerning the
    encoding of feature structures as SGML/XML markup has been brought forward
   in the literature sailer2001. However, to the best of our knowledge, no one has
   yet discussed the question how a representation in the opposite direction could look like, i.e.,
    encoding SGML/XML markup documents as feature structures. We will come up
   with an original answer to this question, as we succeed concerning the more specific goal of
   finding a way to represent sets of multiple annotation documents as TEI feature structures.
   Feature Structures can be regarded as a general type of data structure and there may be specific
   advantages associated with their use as a meta-representation format. We will speculate about
   related aspects in the last section of this paper. 

   The structure for the rest of this article looks as follows. In the next section (“Feature Structures”), we characterize feature structures as mathematical entities and introduce three
   syntaxes for means of visualization and encoding: graph displays, attribute value matrices and
   the pertinent TEI tag set. Ways to represent XML documents as TEI feature structures and aspects
   of the XSLT-implemented transformation from multiple annotation and generic XML documents to the
   integrative TEI feature structure format are discussed in the next section (“Representation and Transformation”). Finally, we summarize our findings, take up some loose ends from the previous sections and
   discuss the relative advantages and disadvantages of representations in terms of TEI feature
   structures in the last section (“Summary and Outlook”) of this contribution. 

 
 
  Feature Structures

  
   Feature Structures in a Nutshell

   Feature structures are a common means of representation in formal
    linguistic theory.[1] Their use is most prominent in certain variants of generative grammar shieber1986
    [2], but not constrained to the syntactic level of analysis, e.g., there are linguistic
    applications in phonology, morphology, semantics and pragmatics, too. Furthermore, feature
    structures can be characterized as a general purpose data structure iso24610
    with possible applications in the vast field of knowledge representation. Hence, their
    usefulness is by no means constrained to linguistic investigations alone.

    From a mathematical stance, there are at least two perspectives on feature structures
     shieber1986. On the one hand, a feature structure can be construed as a
    partial function from a set of features to a set of
     values. The value associated with a certain feature can be either
     atomic, e.g., a specific symbolic value as element or a
    binary value like true, or it may be complex. The latter means
    that it can be a full-blown feature structure itself or it may be of a collection
     value type like a set or a list of, again, possibly complex values. We will come
    upon numerous examples below. Due to the availability of complex values, feature structures can
    embed other feature structures in value position and, hence, provide a considerable degree of
    representational articulateness. Note that there will be no significance to the order of
    features that are located on the same hierarchical level within a feature structure.

   Another mathematical perspective derives from graph theory and leads to the
    characterization of feature structures as rooted labeled directed (acyclic)[3] graphs. Graphs diestel2005 are mathematical entities that consist
    of sets of nodes and edges. We can think of the edges of a graph as connecting its nodes. Graphs
    can be depicted in an intuitively appealing way as diagram displays. The labeled edges represent
    the features, the leaf nodes represent the atomic values, and the inner nodes, if any, represent
    the complex values of a feature structure. Figure 2 is an example graph
     display of the feature structure F1,
    compare Figure 1 in the preceding section for the TEI counterpart. 

   [image: Graph Display of the Feature Structure F1]
     
    
Figure 2.Graph Display of the Feature Structure
     F1
    There is an alternative to the visualization of feature structures as graph displays. It
    consists in the use of attribute value matrices.[4] In attribute value matrix notation, the features are written  to the left of their associated values and there are brackets that indicate the
    scope of the (sub-)feature structure(s) involved.[5] Figure 3 shows
      F1 in attribute value matrix notation, compare
     Figure 1 and Figure 2 above for the TEI- and graph display
    counterparts. Concerning the forthcoming examples in this article, we will only use the TEI
    format and the attribute value matrix notation.

   [image: Attribute Value Matrix Notation of the Feature Structure F1]
     
    
Figure 3.Attribute Value Matrix Notation of the Feature Structure
       F1
    Feature structures list correct information and only correct information, but they do not
    necessarily contain all the correct information with regard to a specific object, i.e., they may
    be of a partial nature.[6] Partiality can be a good thing, since it allows for feature structures to capture
    generalizations via the underspecification of certain properties.

   When features have identical values, there are two scenarios to consider: the values can be
    either type- or token-identical. If the values are merely type-identical, we can characterize
    them as being independent of one another. A hypothetical change to one of the values would have
    no effect on the other values involved. However, in case of token-identity the features are
    associated with one and the same value token and, hence, are dependent on it. A change to the
    token would affect all the features that reference it. This latter scenario of token-identity is
    also called coreference, structure sharing or reentrancy. In attribute
    value matrix notation, it can be indicated by means of co-indexed boxes that either act as a
    referring place-holder in value position or they may be written before a certain value token and
    such all occurrences of the index within the feature structure are bound to that value. We will
    come upon an example in the next subsection of this article, cf. Figure 5 below. At
    the graph display level, we would use edges that lead into one and the same node in order to
    indicate structure sharing. 

    An important operation upon feature structures is unification shieber1986. The foundational idea is fairly simple and can be sketched as follows: the result of the
    unification of compatible feature structures is the most general feature structure that contains
    all the information of the unified feature structures. Technically, unification is defined via
    the auxiliary concept of subsumption. Subsumption implements an intuitive
    concept of specificity and wealth of information among feature structures. We define that a
    feature structure F' subsumes a feature structure F'' if F' contains a subset of the information
    in F'' shieber1986. Alternatively, we may say that F' carries less information
    than F'' or that F' is more general than F''. Subsumption is a partial order on the set of
    feature structures, since feature structures may be incompatible with each other. Now, we can
    define the unification of two feature structures F and G, if any, to be the
    most general feature structure H, such that F subsumes H and G subsumes H. If the feature
    structures to be unified are incompatible, we say that the unification fails. A related
    operation that works in the opposite direction is generalization. This operation is the dual of
    unification. We can define the generalization of two feature structures F
    and G to be the most specific feature structure E, such that E subsumes F and E subsumes G.
    Unlike unification, generalization cannot fail. In the worst case, the result will be the empty
    feature structure [ ] that subsumes every feature structure.

    It should be noted that feature structures can be typed
    carpenter1992. However, neither the present state of the representations nor
    the implemented transformation that we describe in this paper does make use of typed feature
    structures, so we won't go into details regarding that topic here. 

  
  
   The TEI Tag Set for Feature Structures

   The TEI tag set for the representation of feature structures has been a part of the TEI
    Guidelines since version P3
    p3. Building on the P4 version p4, an
     ISO standard iso24610 was adopted by ISO TC37 SC4 and
    also implemented in the current P5 version p5 that we
    use here.

    The foundational XML elements that are needed in order to encode feature structures are
     fs for feature structures and f for features. The content of an
     fs element consists of a sequence of feature-value specifications. A feature-value
    specification is encoded using an element of type f for the feature and the element
    content of f for the associated value. The details look as follows. Every
     f element has an attribute name for its feature name. The
    representation of the associated value of a feature depends on the exact type of the value
    involved. Atomic values of type binary, symbol or numeric
    are realized via a value attribute on a respective child element of f
    that corresponds to the actual value type. For example, f may have a child element
     binary which has a value attribute that provides the desired
    parameter. If the value is of the string type, however, the value is encoded in a
    slightly different form, i.e., as the literal element content of a respective
     string child element of f.

    Complex values of the feature structure kind are encoded by means of fs
    elements, of course. However, there is also another class of complex values: these are the
    collection values of the list, set and bag type. Such
    collections of values are indicated via vColl elements that have an
     org attribute whose value specifies the respective collection type, i.e., whether
    it is a bag, a set or a list. The content of a
     vColl element consists of a succession of values of any kind.

   
<fs>              
 <f name="F">
  <vColl org="list">
   <vLabel name="a">
    <fs>
     <f name="I">
      <symbol value="a"/>
     </f>
     <f name="J">
      <symbol value="b"/>
     </f>
    </fs>
   </vLabel>
   <vLabel name="b">
    <fs>
     <f name="K">
      <symbol value="c"/>
     </f>
     <f name="L">
      <symbol value="d"/>
     </f>
    </fs>
   </vLabel>
  </vColl>
 </f>
 <f name="G">
  <vLabel name="a"/>
 </f>
 <f name="H">
  <vColl org="set">
   <vLabel name="b"/>
   <fs>
    <f name="M">
     <symbol value="e"/>
    </f>
    <f name="N">
     <symbol value="f"/>
    </f>
   </fs>
  </vColl>
 </f>
</fs>                       
                

   
Figure 4.TEI Feature Structure F2: Structure Sharing
     and Collection Values
    There is a special element in order to indicate cases of structure sharing: the
     vLabel element. It either contains a value token as its element content or it
    occurs as a placeholder which indicates reference to an elsewhere specified value token. Each
     vLabel element has an associated name attribute. The value of the
     name attribute corresponds to the index of a tagged box in attribute value matrix
    notation, see below. This mechanism allows for various structure sharing configurations within a
    single feature structure. Figure 4 (TEI-based representation) and Figure 5 (attribute value matrix notation) display the same abstract example feature structure
      F2 in different notation formats and exemplify the
    themes of structure sharing and collection values. 

   [image: Attribute Value Matrix for F2: Structure Sharing and Collection Values]
     
    
Figure 5.Attribute Value Matrix for F2: Structure
     Sharing and Collection Values
    There are three top-level features in F2:
     F, G, and H. All of them are associated with complex
    values. F has a list collection value, which is encoded using angle brackets at the
    attribute value matrix level, G has a feature structure as its value, and
     H has a set collection value that is indicated using curly brackets in Figure 4.
    The first list value of F and the complex value of G are co-indicated.
    The same holds for the second list value of F and the firstly notated set member of
     H.

  
 
 
  Representation and Transformation

  
   Representation of XML Documents via TEI Feature Structures

   Both feature structures and XML documents can be regarded from the perspective of graph
    theory diestel2005. XML documents are specimen of ordered trees, while feature
    structures are merely unordered directed acyclic graphs. This holds because of the possibility
    of structure sharing within feature structures and because there is no order imposed among
    features of the same level within feature structures. So, the task of representing XML documents
    as feature structures seems to involve a transformation from a more rigidly structured
    representation format to a less rigidly structured one. Specifically, we have to find a way to
    represent the ordered sequential relations that hold among parts of XML
    documents both at the text and at the markup level in terms of feature-value pairs. Furthermore,
    also the hierarchical relationships have to be expressed in terms of
    feature-value specifications. A possible solution consists in the use of specific features for
    hierarchical aspects whose values will be structured themselves and which have to be interpreted
    as reflecting sequential relationships. 

   In the following, we shall regard a simple annotation data example that will help to
    illustrate our points. It is shown as Figure 6 and Figure 7 below, which
    contain morphological and phonological annotation layers of the German verb
    "geben" (engl.: to give).

   
<w>
 <m type="lexical">geb</m>
 <m type="flexive">en</m>
</w>
                

   
Figure 6.Simple Annotation Data: Example 1
        
<w>
 <syll n="s1">ge</syll>
 <syll n="s2">ben</syll>
</w>
                

   
Figure 7.Simple Annotation Data: Example 2

    In the rest of this section we will follow a historical route and discuss two
     representation alternatives that we came up with. Both of the sketched
    solutions will be sufficiently general and can hence be applied to generic XML documents and
    sets of multiple annotation documents alike. Our discussion will be framed more towards multiple
    annotation here.

    Our first and historically older representation alternative I makes
    use of a list notation variant that is defined in a recursive way using FIRST and
     REST features witt2009. The basic idea is to have the very first
    element of a given sequence, e.g., the first character of a text sequence, as the value of the
     FIRST feature and the result for the rest of the sequence as the value of the
     REST feature. So, the latter value will usually be a complex value, again, that is
    structured according to the very same scheme, i.e., with the first item of the (rest-)sequence
    detached and so on.[7] We go over the sequence in this way until we reach its end where the recursion
    bottoms out by *null* as the value of the at most embedded REST
    feature within the list structure. It functions as a placeholder for the empty list.

          
<fs>
 <f name="DATA">
  <fs>
   <f name="FIRST">
    <vLabel name="1">
     <symbol value="g"/>
    </vLabel>
   </f>
   <f name="REST">
    <fs>
     <f name="FIRST">
      <vLabel name="2">
       <symbol value="e"/>
      </vLabel>
     </f>
     <f name="REST">
      <fs>
       <f name="FIRST">
        <vLabel name="3">
         <symbol value="b"/>
        </vLabel>
       </f>
       <f name="REST">
        <fs>
         <f name="FIRST">
          <vLabel name="4">
           <symbol value="e"/>
          </vLabel>
         </f>
         <f name="REST">
          <fs>
           <f name="FIRST">
            <vLabel name="5">
             <symbol value="n"/>
            </vLabel>
           </f>
           <f name="REST">
            <symbol value="*null*"/>
           </f>
          </fs>
         </f>
        </fs>
       </f>
      </fs>
     </f>
    </fs>
   </f>
  </fs>
 </f>
 <f name="TIER1">
   ...
 </f>
 <f name="TIER2">
   ...
 </f>
</fs>
        

   
Figure 8.Representation Alternative I: TEI-based
   This way of representation is displayed in Figure 8 in an abridged TEI feature
    structure format that shows the top-level feature geometry of the structure :[8]
    DATA contains a representation of only the textual characters of the document
    adhering to the FIRST/REST scheme discussed above. Furthermore, each character is
    associated with its own index in order to allow for structure sharing references to it from
    other parts of the feature structure. We provide an index for every character in order to allow
    for arbitrarily specific levels of annotation with respect to the common textual data. The
    numbered TIER features contain the specific information of the annotation levels.
    Each one represents the information of one of the multiple annotation documents involved. The
    implicit link between the different levels is made explicit by means of structure sharing.
    Therefore, there will be plenty of references to the common data characters from within the
    different TIER features of the document. However, this is not an explicit part of
    the example display in Figure 8 due to space considerations.[9]The binding of indexes to certain values is shown within the DATA
    feature, but the reference to such values is hidden within the abridged TIER levels
    of the document. However, those parts and the connections provided by the structure sharing
    mechanism can be inspected in Figure 9 that shows the attribute value matrix
    notation. Unlike its TEI counterpart, this display is complete and probably a bit easier to
    follow. It also displays the mechanics of the representation of the hierarchical relationships.
    They find expression via CONTENT features, whose values contain the representation
    of the subordinated document parts, e.g., the content of an element. The mechanisms for the
    representation of the hierarchical and the sequential relationships have to be combined as
    appropriate. This means that CONTENT will have a list value and the respective
    position within that list will reflect the sequential order among the dominated document
    parts.

   [image: Representation Alternative I: Attribute Value Matrix]
     
    
Figure 9.Representation Alternative I: Attribute Value Matrix
   We move on to the discussion of our historically newer representation alternative
     II, which forms the basis of our current work on the topic. The most important
    changes have been made regarding the representation of sequential relationships and concerning
    the general feature geometry makeup. Consider Figure 10 which shows the changed
    top-level geometry . As its predecessor counterpart in Figure 8, this display is
    incomplete and printed in an abridged format here. However, interested readers can find the
    complete version of this representation of the example data in Appendix A.

               
<?xml version="1.0" encoding="UTF-8"?>
<fs>
 <f name="DATA">
  <vColl org="list">
   <vLabel name="1">
    <string>g</string>
   </vLabel>
   <vLabel name="2">
    <string>e</string>
   </vLabel>
   <vLabel name="3">
    <string>b</string>
   </vLabel>
   <vLabel name="4">
    <string>e</string>
   </vLabel>
   <vLabel name="5">
    <string>n</string>
   </vLabel>
  </vColl>
 </f>
 <f name="DOCUMENTS">
  <vColl org="list">
   <fs>
     ...
   </fs>  
   <fs>
     ...  
   </fs>
  </vColl>
 </f>
</fs>
        

   
Figure 10.Representation Alternative II: TEI-based
    On the top level, this representation consists of a DATA feature and a
     DOCUMENTS feature. Both features take complex values of a collection type, i.e.,
    lists of values. Concerning DATA, we now have a flat list representation with
    little internal structure. This format can be built in an easier way as compared to the more
    structured variant. The move to this format is possible, since the TEI Guidelines provide this
    kind of notational sugar for values of the collection kind.[10] The DOCUMENTS feature also makes use of this kind of list notation and
    embeds the representation of the different annotation documents as a flat list of respective
    feature structures. Note also that there is just one such top-level feature now, compare the
    different numbered TIER features in representation alternative I. If there is only
    one annotation document to process, the list will contain only one corresponding feature
    structure, of course. Figure 11 is a complete display of the attribute value matrix
    for our example data.

    
   [image: Representation Alternative II: Attribute Value Matrix]
     
    
Figure 11.Representation Alternative II: Attribute Value Matrix

    This way of representation takes a stance that is based on the XQuery 1.0 and
     XPath 2.0 Data Model (XDM) and, hence, the representations will be predestined for
    processing in an XSLT 2.0 context. We use the attributes which are provided by the XDM in order
    to represent the different node kinds within an XML document, starting from the very root. The
    node kinds that are distinguished are: document, element, attribute, namespace, commentary,
    processing instruction and text nodes. Every occurrence of a node is represented as a feature
    structure with features as appropriate for the node kind involved. The type of a node is
    indicated via the TYPE feature for nodes of all kinds. Hierarchical relations are
    represented via the CHILDREN feature for document- and element nodes. Order among
    the children nodes is encoded by the position within a sequence, since CHILDREN
    takes a collection value of the list kind. Element nodes and attribute nodes have
     NAME features, attribute and text nodes have VALUE features.
    Furthermore, each element node has an ATTRIBUTES feature that takes a set value,
    since attributes are unordered. The semantics associated with the different feature-value pairs
    should be straightforward. All in all, this approach allows for a very systematic representation
    regime across the different parts of an arbitrary XML document instance. Unlike the older
    approach, every feature structure which is embedded below the DOCUMENTS top-level
    feature now represents a certain node at the XML tree model level. However, it also has to be
    noted that our feature structure representations of XML documents tend to grow very fast with
    the size of the input document, which, however, seems to be true for all approaches based on TEI
    feature structures due to the modeling as feature structure and also the retranslation to XML involved.[11]
   

   If the input to the transformation program does not consist of multiple annotation
    documents, but rather of one or several arbitrary XML documents, which do not share identical
    primary data, an integrative representation of such documents will still be build in a similar
    way. However, there will be no indexing mechanism incorporated and so no implicit links will be
    made explicit.

  

  
   Aspects of the XSLT Implementation of the Transformation

    The program xmls2avm.xsl that implements the transformation to the TEI
    feature structure format was written with multiple annotation documents in mind. Nevertheless,
    it is robust enough to provide a result document if the input documents to the transformation
    fail the test of primary data identity or if there is only one document to be transformed. Such
    kind of robustness marks a necessary condition for the program to be useful within the generic
    XML realm. 

    The program was written in XSLT 2.0 and uses certain features of the
    new XSLT version. For example, data typing is used for at least some of the parameters and
    variables involved and, most importantly, we exploit the extended functionalities and constructs
    that are grounded on the XDM tree model. XSLT 2.0 comes with support for multiple output
    documents, but the multiple input documents that are needed here still have to be provided via a
    sort of workaround: a call of the document()-function to a post-processed
    representation of a stylesheet parameter. The latter contains a list of secondary input
    documents that has to be assigned by the user when invoking the transformation program from the
    command line. Several further stylesheet parameters are provided in order to parameterize
    certain aspects of the transformation process and to determine peculiarities of the desired
    representation format. Most of this is optional, however, since there are defaults for the
    relevant parameters. An example stylesheet parameter is $firstrestRepr: it
    influences the way how lists are represented. If it is set to true, then lists will
    be represented in the recursively structured way that has been introduced as our historically
    older representation alternative I in the previous section. If it is set to false,
    however, then lists will be represented according to the newer flat representation alternative
    II that exploits the notational sugar provided by the TEI guidelines. The parameter is set to
     false as a default.

   Although we decided that we would not include detailed comments on the whole stylesheet[12], we do provide three illustrative template examples below. These will be the
    templates for document nodes (in default mode), attributes and text. Besides these, the full
    stylesheet also contains templates for document nodes (in secondary mode), elements, processing
    instructions, comments. Furthermore, there are named templates for the processing of nested
    sequences and for the processing of nested sequences with regard to namespaces, as well as many
    additional parameters and variables defined.

   We begin our discussion with the template for document nodes in default
     mode, i.e., the mode that is used at the start of the transformation without further
    ado. The template shown in Figure 12 will be applied to the document node of the
    primary input document at the start of the transformation. 

   
<xsl:template match="document-node()" mode="#default">
 <xsl:variable name="children" select="node()"/>
 <xsl:variable name="textnodes" select="//text()"/>
 <fs>
  <xsl:if test="$dataIdentity and $dataRepr">
   <f name="DATA">
    <vColl org="list">
     <xsl:for-each select="str:characters($primaryString)">
      <vLabel name="{position()}">
       <string>
        <xsl:value-of select="."/>
       </string>
      </vLabel>
     </xsl:for-each>
    </vColl>
   </f>
  </xsl:if>
  <f name="DOCUMENTS">
   <vColl org="list">
    <fs>
     <f name="TYPE">
      <symbol value="document"/>
     </f>
     <f name="CHILDREN">
      <xsl:choose>
       <xsl:when test="$firstrestRepr">
        <xsl:choose>
         <xsl:when test="$children">
          <xsl:call-template name="SequenceProcessing">
           <xsl:with-param name="seq" select="$children"/>
          </xsl:call-template>
         </xsl:when>
         <xsl:otherwise>
          <symbol value="*null*"/>
         </xsl:otherwise>
        </xsl:choose>
       </xsl:when>
       <xsl:otherwise>
        <vColl org="list">
         <xsl:apply-templates select="$children"/>
        </vColl>
       </xsl:otherwise>
      </xsl:choose>
     </f>
    </fs>
    <xsl:apply-templates select="$docRoots" mode="secondary"/>
   </vColl>
  </f>
 </fs>
</xsl:template>   
            

   
Figure 12.Template for Document Nodes in Default Mode
   The template starts with the definition of variables that can be referenced within the
    scope of the template. Most of the other templates in the stylesheet use such template
    variables, too. Then the first fs element of the target representation is inserted.
    This will be the outer frame for all the result markup that is created during the
    transformation. The two usual top-level features for a feature structure representation of XML
    documents are DATA and DOCUMENTS, compare our discussion of
    representation alternative II in the previous section. It is possible to drop even the
     DATA feature and go with the DOCUMENTS feature on the top-level of
    the feature structure alone. This possibility has been parameterized using
     $dataRepr, i.e., the user may decide whether he wants a DATA feature
    at the top-level or not. Furthermore, a variable named $dataidentity has been
    defined on the global stylesheet level. This variable implements a test for the identity of the
    primary textual data of all the input documents involved. Now, if DATA shall be
    present and the test result concerning textual data identity is positive, then the feature will
    be inserted into the result and be given a list value. The content of that list will be
    construed as follows: we iterate over all textual characters of our primary input document. For
    each character, we insert index markup (vLabel) with a numerical index attribute
    according to the position value of the respective character. Furthermore, the index will be
    bound to the character value whereas the latter is framed by a string element to
    indicate its value type. Next is the obligatory DOCUMENTS feature. It will take a
    list of feature structures, i.e., a list of fs elements. Those will represent the
    input documents, respectively. 

   In what follows in this template, we build the representation for the primary input
    document. The corresponding job for the other input documents, if any, will have to be done by
    the template for document node kinds in secondary mode. The two features appropriate for
    document nodes are TYPE and CHILDREN. Concerning TYPE,
    its value will be <symbol value="document"/> obviously. The value of
     CHILDREN, however, is more complicated and has to be determined via a series of
    conditional constructs. Firstly, it depends on whether the list representation has been set to
    the older recursively structured kind ($firstrestRepr) or not. If list
    representations follow that approach, then it depends again on whether the document node has
    descendants or not. If he has none, we insert a value for the empty list (*null*).
    However, if there are descendant nodes to the document node, the further calculation of the list
    representation is taken over by a called template of the recursive kind named
     SequenceProcessing. This template is called with the sequence of the current
    document node's descendant nodes as a parameter. That template will build a recursively
    structured kind of list representation as appropriate. However, if the value of the parameter
     $firstrestRepr is set such that we will have the flat kind of list representation,
    which is the default, then markup for a collection of the list kind will be inserted. However,
    the content of that list will be determined by the result of applying templates to all the
    descendant nodes of the current document node. Thus, the content of the fs element
    for the current primary input document is complete and can be closed with the respective end
    tags. What remains to be computed is the markup for the other secondary input documents.
    Therefore, templates are applied to the members of $docRoots, which holds the
    document nodes of the secondary input documents in a sequence format. Note, that a mode
     (secondary) is used in the respective apply-templates instruction, so
    the present template will not fit and we avoid a repeated insertion of the initial framing
    markup for the outermost level of the feature structure representation, which is only included
    in the processing of the primary input document here. 

    The complete stylesheet can be characterized as exploiting aspects of both the
     push and the pull processing paradigm
    tennison2005, like most stylesheets of a considerable size and complexity do,
    whereas the focus is shifting in different parts of the stylesheet. In a similar vein, it can be
    classified as implementing different stylesheet design patterns
    kay2008. For example, the buildup of the initial target feature structure
    tends to be of the pull type or rather navigational, to use Kay's concept. This, however, shifts
    towards a more push- or rule-oriented approach, which helps to fill up the missing parts of the
    initial structure by applying templates to the descendants of the current node. Appropriate
    templates are provided for each specific node kind against the background of the XDM. Certain
    aspects, e.g., the buildup of the older FIRST/REST list structures
    have been realized in a computational way recursively via calls to named templates with
    parameters as their arguments. We shall look at a recipient template of the push- or
    rule-oriented style of processing next in Figure 13. It is the template for the
    processing of attribute nodes, whose application will be initiated from
    within the template for the processing of element nodes.

   
<xsl:template match="attribute()" mode="#all">
 <fs>
  <f name="TYPE">
   <symbol value="attribute"/>
  </f>
  <f name="NAME">
   <string>
    <xsl:value-of select="node-name(.)"/>
   </string>
  </f>
  <f name="VALUE">
   <string>
    <xsl:value-of select="."/>
   </string>
  </f>
 </fs>
</xsl:template>
            

   
Figure 13.Template for Attribute Nodes
    In comparison to the previous template for document nodes, this one is very
    straightforward. There are three features appropriate for feature structures that represent
    attribute nodes: these are TYPE, NAME and VALUE. The
    respective values are very easily determined. Readers who managed to follow through on our
    description of the previous template should have no problems with this one.

    At the heart of the transformation of multiply annotated documents is the indexing of the
    single characters and the reference mechanism that exploits these indexes. It is dependent on
    the relative position of characters with respect to the other characters of the document. Those
    values can be used as numerical indexes since they are bound to be constant across all the
    documents that pass a test of primary data identity. However, it has to be stressed that the
    computational cost of implementing this functionality can be considerable for large input
    documents. Figure 14 shows the code which does the job: it is the template for
     text nodes.

   
<xsl:template match="text()" mode="#all">
 <xsl:variable name="currentRoot" select="/"/>
 <fs>
  <f name="TYPE">
   <symbol value="text"/>
  </f>
  <f name="VALUE">
   <xsl:choose>
    <xsl:when test="$dataIdentity">
     <xsl:variable name="numberOfCharactersSoFar" as="xs:integer"
                   select="sum(for $textnode in preceding::text() return string-length($textnode))"/>
     <vColl org="list">
      <xsl:for-each select="str:characters(string(.))">
       <vLabel name="{position() + $numberOfCharactersSoFar}">
        <xsl:if test="not($dataRepr) and $primary is $currentRoot">
         <string>
          <xsl:value-of select="."/>
         </string>
        </xsl:if>
       </vLabel>
      </xsl:for-each>
     </vColl>
    </xsl:when>
    <xsl:otherwise>
     <string>
      <xsl:value-of select="."/>
     </string>
    </xsl:otherwise>
   </xsl:choose>
  </f>
 </fs>
</xsl:template>
            

   
Figure 14.Template for Text Nodes
    There are two appropriate features for text nodes: TYPE and
     VALUE. The TYPE feature is set to the symbolic value
     text, of course. The procedure for determining the value of the feature
     VALUE, however, is much more complicated. This holds at least for multiple
    annotation documents, where the identity of the primary data is given
     ($dataIdentity). If this is not the case, we can just insert the value of the
    textual node as a whole. With regard to the data-identity scenario, however, we will proceed on
    a character by character basis with the help of an appropriately defined external function
     (str:characters) and calculate the appropriate index for each character. The
    interesting part of the calculation is done in the binding of the variable
     $numberOfCharactersSoFar. That result will be modulated by the relative position
    of each character with respect to the string value of the text node processed. If the user chose
    to go without the DATA feature on the top feature geometry level
     (not($dataRepr)) and if we are processing the primary input document
     ($primary is $currentRoot), not only the calculated indexes will be included in
    the list-valued result, but also the character values. Now that there is no specialized
     DATA feature, the indexes will be bound to their respective value tokens
    here.

  
 
 
  Summary and Outlook

  In the context of this article, we started by providing an informal introduction to feature
   structures and their encoding as proposed in the TEI P5 Guidelines. We continued to discuss
   aspects of the representation of multiple annotation documents as XML-encoded feature structures.
   Most of our pertinent remarks are also correct concerning the representation of generic XML
   documents. It is rather just the indexing mechanism that is lost for that more general domain.
   Furthermore, we characterized the implemented XSLT stylesheet that was written in order to bring
   about the transformation from multiply annotated or generic XML documents to TEI-based feature
   structure representations. In the remainder of this article, we will take up some loose ends and
   speculate about possible advantages and disadvantages that may be connected with the format. 

  In comparison to alternative proposals like XCONCUR (hilbert2005,schonefeld2006) and the NITE XML
   format carletta2003, the following advantages and disadvantages can be stated.
   Like NITE XML, but unlike XCONCUR documents, the TEI-based feature structure format is an XML
   format, which should count as a definitive plus in most contexts. Furthermore, like XCONCUR, but
   unlike the NITE XML representations, the proposed TEI feature structures are integrative in a
   strict sense of the word. What we mean is that all the distributed annotation information is made
   available within the context of a single document instance in which the implicit links have been
   made explicit. So, with regard to these two aspects, TEI feature structures seem to do quite well
   in comparison with the mentioned alternative formats, which lack in the one or the other way.
   However, there is also a big downside connected to them. The TEI feature structure
   representations grow very fast with the size of the input documents and their relative markup
   complexity, much faster than both rival formats.[13] So serious doubts remain, whether this format can prevail in practical
   day-to-day-work if it is used for collections of large resource documents.

  But are there any striking advantages that may be connected with the representation of XML
   documents in a feature structure format? Feature structures are a common data structure in
   linguistic theory and they play an important role in many implementations in computational
   linguistics. If the preferred representation format of computational linguists can be used, it
   may be possible to find a way to apply the processing tools that have been developed in that
   field and bridge the gap between the information given by annotations and the information
   contained in textual content. One may also speculate whether general operations on feature
   structures like unification and generalization, compare
   the section “Feature Structures in a Nutshell” above, may be applicable to appropriately represented XML
   documents or linguistic corpora.

  
  [image: Attribute Value Matrix Notation of the Annotation Example 1]
    
   
Figure 15.Attribute Value Matrix Notation of the Annotation Example 1
  Compare Figure 15 and Figure 16. These are possible TEI feature
   structures for the simple linguistic annotation examples that we have used before. Unlike Figure 11, which is an integrative representation of both example documents, each figure
   here displays the representation of just one annotation document. These examples will help us to
   explore some of the issues involved.

  
  [image: Attribute Value Matrix Notation of the Annotation Example 2]
    
   
Figure 16.Attribute Value Matrix Notation of the Annotation Example 2
   As before, we have to consider two broad scenarios: operations among multiply annotated
   documents and operations among generic XML documents. The main difference between both has to do
   with the values of the DATA feature.[14] For multiple annotation, the values of DATA will be identical and the
   respective features can, hence, be unified. However, for generic XML documents the
    DATA values will almost always be different. Hence, they usually won't unify . And
   even multiply annotated documents will run into problems when it comes to the value of the
    DOCUMENTS feature slot, compare Figure 15 and Figure 16. So
   the bare unification of complete representations does not seem to work out for either class of
   documents.

  
  [image: Rule that uses Unification for Multiple Annotation Data]
    
   
Figure 17.Rule that uses Unification for Multiple Annotation Data
  However, there is a way how unification may be put to use with regard to respective
   representations, but in a somewhat different way. It works analogously to the way in which
   unification is put to use in linguistic rules in unification-based grammars.
   We do not unify the whole representations, but only parts of it in accordance to a rule, which
   directs how to build a bigger structure from smaller structures (or vice versa, this is a
   question of procedural interpretation). Structures that are coindexed within a rule have to be
   unified when the rule is applied. In line with this, e.g., our annotation examples (on the right
   hand side of the rule) can be projected to a bigger structure (on the left hand side of the
   rule) as displayed in Figure 17. For generic XML documents, a rule like Figure 18 might work.

  
  [image: Rule that uses Unification for Generic XML Documents]
    
   
Figure 18.Rule that uses Unification for Generic XML Documents
  For another perspective on the unification of XML documents compare witt2005.

  There is also a second general operation on feature structures: generalization. Unlike
   unification, generalization cannot fail. And indeed, generalization can be put to use concerning
   our examples here. The result indicates what is common to both representations and is shown in
    Figure 19.

  
  [image: Generalization of the Annotation Data Examples 1 and 2]
    
   
Figure 19.Generalization of the Annotation Data Examples 1 and 2
   One of the anonymous reviewers of this paper stated that (s)he thinks that its strength is
   "as a sort of thought experiment that has not provided quite the breakthrough that was hoped for
   it; yet interesting things have been learned and observed." This is not too far off from our own
   perspective. Although we were able to show that this and that can be done, at least in
   principle---as things stand, we do not think that it is likely that TEI feature structures will
   turn out to be the silver bullet for the representation of linguistic annotations or generic XML
   documents. Our respective representations grow too fast and isn't yet clear, whether good and
   sensible use can be made of the general operations on feature structures open to us now, i.e.,
   whether the potential advantages can override the disadvantages connected to it. But it seems
   that there are at least some open questions that remain to be investigated. For example, perhaps
   we could come up with a different way of representing XML documents in terms of TEI feature
   structures as compared to our current representation practice and see if that helps in any way.
   Going with typed feature structures might be a worthwhile thing to try. However, we think that
   the prospects are not too good, since the foundational issue of complex modeling and
   retranslating to XML would basically stay the same and it seems that this is quite an overhead to
   cope with. Therefore, finally, we will at least mention a different direction that has been
   encouraged by the very same reviewer mentioned above. (S)he advised to step away from the
   TEI-ness of the present approach in order to investigate the prospects of bare feature
   structures, e.g., in the sense of an implemented library, with respect to the issues at
   hand.

 
 
  Appendix: Result Document for the Annotation Data Examples

  
            <?xml version="1.0" encoding="UTF-8"?>
            <fs>
             <f name="DATA">
              <vColl org="list">
               <vLabel name="1">
                <string>g</string>
               </vLabel>
               <vLabel name="2">
                <string>e</string>
               </vLabel>
               <vLabel name="3">
                <string>b</string>
               </vLabel>
               <vLabel name="4">
                <string>e</string>
               </vLabel>
               <vLabel name="5">
                <string>n</string>
               </vLabel>
              </vColl>
             </f>
             <f name="DOCUMENTS">
              <vColl org="list">
               <fs>
                <f name="TYPE">
                 <symbol value="document"/>
                </f>
                <f name="CHILDREN">
                 <vColl org="list">
                  <fs>
                   <f name="TYPE">
                    <symbol value="element"/>
                   </f>
                   <f name="NAME">
                    <string>w</string>
                   </f>
                   <f name="ATTRIBUTES">
                    <vColl org="set"/>
                   </f>
                   <f name="CHILDREN">
                    <vColl org="list">
                     <fs>
                      <f name="TYPE">
                       <symbol value="element"/>
                      </f>
                      <f name="NAME">
                       <string>m</string>
                      </f>
                      <f name="ATTRIBUTES">
                       <vColl org="set">
                        <fs>
                         <f name="TYPE">
                          <symbol value="attribute"/>
                         </f>
                         <f name="NAME">
                          <string>type</string>
                         </f>
                         <f name="VALUE">
                          <string>lexical</string>
                         </f>
                        </fs>
                       </vColl>
                      </f>
                      <f name="CHILDREN">
                       <vColl org="list">
                        <fs>
                         <f name="TYPE">
                          <symbol value="text"/>
                         </f>
                         <f name="VALUE">
                          <vColl org="list">
                           <vLabel name="1"/>
                           <vLabel name="2"/>
                           <vLabel name="3"/>
                          </vColl>
                         </f>
                        </fs>
                       </vColl>
                      </f>
                     </fs>
                     <fs>
                      <f name="TYPE">
                       <symbol value="element"/>
                      </f>
                      <f name="NAME">
                       <string>m</string>
                      </f>
                      <f name="ATTRIBUTES">
                       <vColl org="set">
                        <fs>
                         <f name="TYPE">
                          <symbol value="attribute"/>
                         </f>
                         <f name="NAME">
                          <string>type</string>
                         </f>
                         <f name="VALUE">
                          <string>flexive</string>
                         </f>
                        </fs>
                       </vColl>
                      </f>
                      <f name="CHILDREN">
                       <vColl org="list">
                        <fs>
                         <f name="TYPE">
                          <symbol value="text"/>
                         </f>
                         <f name="VALUE">
                          <vColl org="list">
                           <vLabel name="4"/>
                           <vLabel name="5"/>
                          </vColl>
                         </f>
                        </fs>
                       </vColl>
                      </f>
                     </fs>
                    </vColl>
                   </f>
                  </fs>
                 </vColl>
                </f>
               </fs>
               <fs>
                <f name="TYPE">
                 <symbol value="document"/>
                </f>
                <f name="CHILDREN">
                 <vColl org="list">
                  <fs>
                   <f name="TYPE">
                    <symbol value="element"/>
                   </f>
                   <f name="NAME">
                    <string>w</string>
                   </f>
                   <f name="ATTRIBUTES">
                    <vColl org="set"/>
                   </f>
                   <f name="CHILDREN">
                    <vColl org="list">
                     <fs>
                      <f name="TYPE">
                       <symbol value="element"/>
                      </f>
                      <f name="NAME">
                       <string>syll</string>
                      </f>
                      <f name="ATTRIBUTES">
                       <vColl org="set">
                        <fs>
                         <f name="TYPE">
                          <symbol value="attribute"/>
                         </f>
                         <f name="NAME">
                          <string>n</string>
                         </f>
                         <f name="VALUE">
                          <string>s1</string>
                         </f>
                        </fs>
                       </vColl>
                      </f>
                      <f name="CHILDREN">
                       <vColl org="list">
                        <fs>
                         <f name="TYPE">
                          <symbol value="text"/>
                         </f>
                         <f name="VALUE">
                          <vColl org="list">
                           <vLabel name="1"/>
                           <vLabel name="2"/>
                          </vColl>
                         </f>
                        </fs>
                       </vColl>
                      </f>
                     </fs>
                     <fs>
                      <f name="TYPE">
                       <symbol value="element"/>
                      </f>
                      <f name="NAME">
                       <string>syll</string>
                      </f>
                      <f name="ATTRIBUTES">
                       <vColl org="set">
                        <fs>
                         <f name="TYPE">
                          <symbol value="attribute"/>
                         </f>
                         <f name="NAME">
                          <string>n</string>
                         </f>
                         <f name="VALUE">
                          <string>s2</string>
                         </f>
                        </fs>
                       </vColl>
                      </f>
                      <f name="CHILDREN">
                       <vColl org="list">
                        <fs>
                         <f name="TYPE">
                          <symbol value="text"/>
                         </f>
                         <f name="VALUE">
                          <vColl org="list">
                           <vLabel name="3"/>
                           <vLabel name="4"/>
                           <vLabel name="5"/>
                          </vColl>
                         </f>
                        </fs>
                       </vColl>
                      </f>
                     </fs>
                    </vColl>
                   </f>
                  </fs>
                 </vColl>
                </f>
               </fs>
              </vColl>
             </f>
            </fs>
        

 
 
  References

  [p5] Burnard, L. and Bauman, S.
    TEI P5: Guidelines for Electronic Text Encoding and Interchange. Text
   Encoding Initiative, 2007

  [carletta2003] Carletta, J.; Kilgour, J.;
   O'Donnell, T.; Evert, S. and Voormann, H. The NITE Object Model Library for Handling
    Structured Linguistic Annotation on Multimodal Data Sets. In: Proceedings of the EACL
   Workshop on Language Technology and the Semantic Web (3rd Workshop on NLP and XML, NLPXML-2003),
   2003

  [carletta2007] Carletta, J.; DeRose, S.;
   Durusau, P.; Piez, W.; Sperberg-McQueen, C. M.; Tennison, J. and Witt, A. International
    Workshop on Markup of Overlapping Structures. In: Usdin, B. T. (ed.) Proceedings of
   Extreme Markup Languages 2007, 2007

  [carpenter1992] Carpenter, B. The
    Logic of Typed Feature Structures: With Applications to Unification Grammars, Logic Programs and
    Constraint Resolution. Cambridge University Press, 1992

  [derose2004] DeRose, S. Markup Overlap: A
    Review and a Horse. In: Usdin, B. T. (ed.) Proceedings of Extreme Markup Languages
   2004, 2004

  [diestel2005] Diestel, R. Graph
    Theory. Springer, 2005

  [hilbert2005] Hilbert, M.; Schonefeld, O.
   and Witt, A. Making CONCUR work. In: Usdin, B. T. (ed.) Proceedings of
   Extreme Markup Languages 2005, 2005

  [iso24610] 24610-1:2006, I. Language
    Resource Management -- Feature Structures -- Part 1: Feature Structure
    Representation.International Organization for Standardization, 2006

  [kay2008] Kay, M. XSLT 2.0 and XPath 2.0
    Programmer's Reference. Wrox Press Ltd., 2008

  [nlm] Custom Metadata Group. In:
   Journal Archiving and Interchange Tag Set Tag Library version 3.0, Version of November
   2008.

  [pollard1994] Pollard, C. and Sag, I.
    Head-Driven Phrase Structure Grammar. The University of Chicago Press,
   1994

  [sailer2001] Sailer, M. and Richter, F.
    Eine XML-Kodierung für AVM-Beschreibungen. In: Lobin, H. (ed.). Sprach- und
   Texttechnologie in digitalen Medien: Proceedings der GLDV-Frühjahrstagung 2001. BOD - Books on
   Demand, 2001, 161-168

  [schonefeld2006] Schonefeld, O. and
   Witt, A. Towards validation of concurrent markup. In: Usdin, B. T. (ed.).
   Proceedings of Extreme Markup Languages 2006, 2006

  [shieber1986] Shieber, S. M. An
    Introduction to Unification-based Approaches to Grammar. CSLI Publications,
   1986

  [p3] Sperberg-McQueen, C. M.
   and Burnard, L. TEI Guidelines for Electronic Text Encoding and Interchange (TEI
    P3). Text Encoding Initiative, 1994

  [p4] Sperberg-McQueen, C. M.
   and Burnard, L. Guidelines for Electronic Text Encoding and Interchange (TEI
    P4). Text Encoding Initiative, 2001

  [sperberg-mcqueen2007] Sperberg-McQueen,
   C. M. Representation of overlapping structures. In: Usdin, B. T. (ed.)
   Extreme Markup Languages 2007, 2007

  [tennison2005] Tennison, J. Beginning
    XSLT 2.0: From Novice to Professional. Apress, 2005

  [witt2004] Witt, A. Multiple Hierarchies:
    New Aspects of an Old Solution. In: Usdin, B. T. (ed.) Proceedings of Extreme Markup
   Languages 2004, 2004 

  [witt2005] Witt, A.; Goecke, D.; Sasaki, F.
   and Lüngen, H. Unification of XML Documents with Concurrent Markup. Literary
   and Linguistic Computing, 2005, 20, 103-116, doi:10.1093/llc/fqh046

  [witt2007] Witt, A.; Schonefeld, O.; Rehm, G.;
   Khoo, J. and Evang, K. On the Lossless Transformation of Single-File Multi-Layer
    Annotations into Multi-Rooted Trees. In: Usdin, B. T. (ed.). Proceedings of Extreme
   Markup Languages 2007, 2007 

  [witt2009] Witt, A.; Rehm, G.; Hinrichs, E.;
   Lehmberg, T. and Stegmann, J. SusTEInability of Linguistic Resources through Feature
    Structures. Literary and Linguistic Computing, 2009,  24, 363-372, doi:10.1093/llc/fqp024

  [woerner2006] Wörner, K.; Witt, A.; Rehm, G.
   and Dipper, S. Modelling Linguistic Data Structures. In: Usdin, B. T. (ed.).
   Proceedings of Extreme Markup Languages 2006, 2006

 
Notes
There are equivalent structures in other environments, too, as one of our anonymous
      reviewers remarked. Compare the National Library of Medicine's custom-meta
       structures
      nlm, for example. 

    
View note in Notes section
Namely unification-based grammars, whose name derives from the most important operation
      on feature structures, i.e., unification.

    
View note in Notes section
Some formalizations of feature structures allow cycles and it can also be argued that
      cyclic structures may be needed for the representation of certain phenomena as the liar's
      paradox ("This statement is false.").

    
View note in Notes section
Some linguistic theories use different notations for (total) models vs. (partial)
      descriptions. For example, HPSG pollard1994 uses graph displays for models
      and AVMs for descriptions.

    
View note in Notes section
Feature names are usually capitalized on grounds of a notational convention. 

    
View note in Notes section
HPSG theoreticians pollard1994 draw a distinction between
       feature structures, which can be characterized as total objects in the
      sense of containing all the relevant specifications with respect to the objects they are a
      model of, and feature structure descriptions, which are partial
      descriptions of feature structures. From this perspective, feature structures and feature
      structure descriptions belong to different theoretical realms (model vs. formalism). We will
      not delve deeper into this discussion here and continue with our usage of the term feature
      structure for partial objects also. 

    
View note in Notes section
Unless there is no rest sequence and we have reached the end of the sequence
      already.

    
View note in Notes section
It would be nice to have something like a specialized document grammar regarding the
      finer details of the representations that we propose in this article. One of our anonymous
      reviewers encouraged us to give Feature System Declarations
      p5 for the TEI feature structures. However, it seems that TEI FSDs are
      reserved for typed feature structures and the present state of our work here makes use of
      untyped feature structures. Since we may well choose to make the switch to typed
      representations in the future (in a way, the new representation scheme below has been designed
      to make the switch easier), it will be a good idea to take up on that proposal in a respective
      update. For the moment, we can at least validate our documents against TEI feature structure
      schemas generated via the TEI ROMA tool (http://www.tei-c.org/Roma/).

    
View note in Notes section
Note that a complete representation of the above annotation data examples in TEI format,
      but according to the newer representation standard that will be discussed below in this
      subsection, can be found in Appendix A.

    
View note in Notes section
In terms of features and values alone, respective structures still have to be realized by
      FIRST/REST-like structured representations as introduced above. The format provided by the TEI
      is a shorthand for that.

    
View note in Notes section
As one of our anonymous reviewers remarked, it would be interesting to investigate the
      prospects and the performance of bare feature structures for our purposes and see whether and
      how much better they can perform as compared to the TEI-serialized feature structures that are
      the focus of the present paper.

    
View note in Notes section
This decision was made on grounds of space considerations, since this is a rather long
      paper already. Some anonymous reviewers would have liked to see the whole stylesheet included.
      Others shared our perspective that examples suffice here.

    
View note in Notes section
XCONCUR seems to be leanest in this respect.

   
View note in Notes section
For the sake of the argument, we will presume that there will be a DATA
     feature on the top-level of all TEI feature structures. The stylesheet does not force this,
     though.
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    Introduction

    Multi-dimensionally annotated linguistic corpora have been established as a means for
      thorough linguistic analysis during the last years. An overview of architectures for complex
      or concurrent markup including non-XML based approaches such as the Layered Markup and Annotation Language (LMNL, cf. Tennison2002, Cowan2006) in conjunction with Trojan milestones following the HORSE
        (Hierarchy-Obfuscating Really Spiffy Encoding) or CLIX
      model can be found in DeRose2004. Sperberg-McQueen2007 and
        Marinelli2008, too, discuss and compare state of the art approaches in
      overlapping markup such as colored XML (cf. Jagadish2004) and the tabling
      approach described by Durusau2004, further approaches can be found in Stührenberg2008. However, since standardization efforts with respect to a
      sustainable (i.e. preferable XML-based) annotation format and mechanism (e.g. the Graph-based Format for Linguistic Annotations, GrAF, cf. Ide2007) have not yet been finished, other XML-based solutions are available,
      such as using multiple or twin documents (as Marinelli2008 call them if they share some annotation, the so-called sacred markup). The Text Encoding
        Initiative (TEI, Burnard2008) proposes additional solutions for
      dealing with multi-dimensional markup: apart from standoff markup, (cf. Thompson1997 and TEI's chapters 16.9 and 20.4), milestone elements (chapter
      20.2) or fragmentations and joints (chapter 20.3) can be used. Witt2009
      describe a system that adopts TEI's feature structures (chapter 18) as a meta-format for
      representing heterogenous complex markup.

    While most of the before mentioned approaches target at the representation of
      multi-dimensional annotation, their usage in validating and analyzing multiple annotation
      layers is restricted: non-XML-based formats usually lack mechanisms for validating overlapping
      markup, since most proposed document grammar formalisms remain in a proposal state only, such
      as Rabbit/Duck grammars for GODDAG (general ordered-descendant directed acyclic graph)
      structures/TexMECS (cf. Sperberg-McQueen2006), XCONCUR-CL (cf. Schonefeld2007) or Creole (Composable Regular Expressions
        for Overlapping Languages etc., cf. Tennison2007) a powerful
      extension to RELAX NG (RELAX2003) developed in the LMNL community. The same
      holds for the support for XML's companion specifications such as XPath, XSLT or XQuery
      (although at least alternative query languages have been proposed by Jagadish2004, Iacob2005, Iacob2005a, Alink2006, Alink2006a and especially Bird2006 for linguistic analysis). So if validating complex markup is an issue, it is easier to
      stick with XML-based approaches, such as NITE (cf. Carletta2003, Carletta2005), PAULA (Potsdam Austauschformat für
        Linguistische Annotationen, Potsdam Interchange Format for
        Linguistic Annotation, cf. Dipper2005, Dipper2007) or the Sekimo Generic Format (SGF,
      cf. Stührenberg2008 and the following section).

  
  
    SGF – the story so far

    The development of the Sekimo Generic Format (SGF) has begun in 2006 and has been grounded
      on the Prolog fact base format that was introduced by Witt2002 and Witt2004 after first proposals by Sperberg-McQueen2000 and
        Sperberg-McQueen2002. SGF was developed for storing multiple annotated
      linguistic corpus data and examining relationships between elements derived from different
      annotation layers in an XML conformant way. Speaking in technical terms, SGF follows the
      Annotation Graph's formal model (cf. Bird1999, Bird2001)
      and modifies the classic standoff approach in the way that multiple annotation layers are
      stored together in a single instance while XML namespaces are used to differentiate between
      SGF's base layer, metadata and annotation layers. This allows for the application of SGF for a
      large variety of linguistic annotations, including diachronic corpora and multimodal
      annotation, amongst others.

    The basic principle of the Sekimo Generic Format (and its successor, XStandoff, cf. The development of SGF to XStandoff) is the use of positions in the character stream (or in time) for
      referring to annotations[2].

    
  T  h  e     s  u  n     s  h  i  n  e  s     b  r  i  g  h  t  e  r  .
00|01|02|03|04|05|06|07|08|09|10|11|12|13|14|15|16|17|18|19|20|21|22|23|24

    
Figure 1.Addressing character positions
     This character stream is used to link between annotations and the primary data. A classic
      example of concurring annotations where overlaps may occur is the combination of morpheme and
      syllable annotation. We start with the morpheme annotation shown in Figure 2, “Morpheme annotation for a simple sentence”. 

    <morphemes xmlns="http://www.xstandoff.net/morphemes"
 xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
 xsi:schemaLocation="http://www.text-technology.de/sekimo/morphemes ../xsd/morphemes.xsd">
  <m>The</m>
  <m>sun</m>
  <m>shine</m>
  <m>s</m>
  <m>bright</m>
  <m>er</m>.
</morphemes>

    
Figure 2.Morpheme annotation for a simple sentence
    The graphic representation of this annotation layer can be seen in Figure 3, “Graphic representation of the morpheme annotation layer”.

    [image: Graphic representation of the morpheme annotation layer]
        
      
Figure 3.Graphic representation of the morpheme annotation layer
    We then add a second layer containing syllable annotation, similar to the one shown in
        Figure 4, “Syllable annotation layer for a simple sentence”. 

    <syllables xmlns="http://www.xstandoff.net/syllables"
 xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
 xsi:schemaLocation="http://www.text-technology.de/sekimo/syllables ../xsd/syllables.xsd">
  <s>The</s>
  <s>sun</s>
  <s>shines</s>
  <s>brigh</s>
  <s>ter</s>.
</syllables>

    
Figure 4.Syllable annotation layer for a simple sentence
    The graphic representation of this annotation can be seen in Figure 5, “Graphic representation of the syllable annotation layer”.

    [image: Graphic representation of the syllable annotation layer]
        
      
Figure 5.Graphic representation of the syllable annotation layer
    When one tries to combine both annotation levels an overlap occurs at the position of the
      't' in the word 'brighter', which can easily be observed in Figure 6, “Combined graphic representation of both annotation layers (labels removed for readability reasons)”.

    [image: Combined graphic representation of both annotation layers (labels removed for readability reasons)]
        
      
Figure 6.Combined graphic representation of both annotation layers (labels removed for
        readability reasons)
    Classic XML-based inline annotation formats fail to model these overlapping structures due
      to their formal model of a single-rooted tree while classic standoff annotation (i.e. using
      markup separated from the primary data and storing different annotation layers in separate
      files) lacks mechanisms for analyzing relations between several annotation layers. The Sekimo
      Generic Format was developed for storing multiple annotated linguistic corpus data and
      examining relationships between elements derived from different annotation layers in
        a single file and therefore tries to use the benefits of standoff markup without
      taking the before-mentioned problems into account.

    A second design goal during the development of SGF was the possibility to reuse the
      structure and features of existing annotation formats. SGF consists only of a base layer which
      serves as meta-markup language or as a container for standoff representations of the original
      inline annotations. In addition, the base layer supports storing of the primary data (i.e.,
      the data that is annotated), its segmentation, metadata regarding both the primary data and
      its annotation (either internally inside the SGF instance or via a reference to external
      metadata resources), and provides SGF's log functionality (i.e. the possibility to store an
      instance's edit history). Segmentation of the primary data is application driven, i.e. for
      textual primary data usually a character based segmentation is established by importing a
      single inline annotation and computing the start and end positions of each annotation element
      (cf. Building XStandoff instances: inline2XF.xsl). XML's inherent ID/IDREF mechnism is used for
      linking between annotation elements and the corresponding segments of the primary data which
      are defined by SGF's segment element. Overlapping segments may occur and a single
      character range (a segment) may be part of multiple annotation levels, reducing the overall
      amount of segments by eliminating duplicates. SGF is defined by a number of XML schema files
      containing embedded Schematron (Schematron) assertions for additional
      validation constraints and is available under the LGPL 3 license[3].Figure 7, “The structure of an SGF instance” shows a graphical overview of a prototypic SGF
      instance's structure. Note that both corpus and corpusData are valid
      root elements of an SGF instance allowing for storing single corpus entries or whole corpora
      in a single instance. Following Goecke2009 we differentiate between the
      concept that serves as the background for the annotation (the level) and its XML serialization
      (the layer). Elements drawn with dashed borders are optional (not every possible occurence
      shown due to space restrictions), elements colored red do not belong to the SGF namespace and
      are shown for demonstration purposes only.

    [image: The structure of an SGF instance]
        
      
Figure 7.The structure of an SGF instance
    Figure 8, “The SGF instance containing both syllable and morpheme annotation” shows the respective SGF instance containing both
      annotation layers.

    <sgf:corpusData xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
   xsi:schemaLocation="http://www.text-technology.de/sekimo ../xsd/sgf.xsd" 
   xmlns="http://www.text-technology.de/sekimo"
   xmlns:sgf="http://www.text-technology.de/sekimo" 
   xml:id="c1" sgfVersion="1.0">
   <sgf:primaryData start="0" end="24" xml:lang="en">
      <textualContent>The sun shines brighter.</textualContent>
   </sgf:primaryData>
   <sgf:segments>
      <sgf:segment xml:id="seg1" type="char" start="0" end="24"/>
      <sgf:segment xml:id="seg2" type="char" start="0" end="3"/>
      <sgf:segment xml:id="seg3" type="char" start="4" end="7"/>
      <sgf:segment xml:id="seg4" type="char" start="8" end="14"/>
      <sgf:segment xml:id="seg5" type="char" start="8" end="13"/>
      <sgf:segment xml:id="seg6" type="char" start="13" end="14"/>
      <sgf:segment xml:id="seg7" type="char" start="15" end="21"/>
      <sgf:segment xml:id="seg8" type="char" start="15" end="20"/>
      <sgf:segment xml:id="seg9" type="char" start="20" end="23"/>
      <sgf:segment xml:id="seg10" type="char" start="21" end="23"/>
   </sgf:segments>
   <sgf:annotation xml:id="a_morph">
      <sgf:level xml:id="l_morph" priority="1">
         <sgf:layer xmlns:morph="http://www.text-technology.de/sekimo/morphemes"
            xsi:schemaLocation="http://www.text-technology.de/sekimo/morphemes ../xsd/morphemes.xsd">
            <morph:morphemes sgf:segment="seg1">
               <morph:m sgf:segment="seg2"/>
               <morph:m sgf:segment="seg3"/>
               <morph:m sgf:segment="seg5"/>
               <morph:m sgf:segment="seg6"/>
               <morph:m sgf:segment="seg7"/>
               <morph:m sgf:segment="seg10"/>
            </morph:morphemes>
         </sgf:layer>
      </sgf:level>
   </sgf:annotation>
   <sgf:annotation xml:id="a_syll">
      <sgf:level xml:id="l_syll" priority="0">
         <sgf:layer xmlns:syll="http://www.text-technology.de/sekimo/syllables"
            xsi:schemaLocation="http://www.text-technology.de/sekimo/syllables ../xsd/syllables.xsd">
            <syll:syllables sgf:segment="seg1">
               <syll:s sgf:segment="seg2"/>
               <syll:s sgf:segment="seg3"/>
               <syll:s sgf:segment="seg4"/>
               <syll:s sgf:segment="seg8"/>
               <syll:s sgf:segment="seg9"/>
            </syll:syllables>
         </sgf:layer>
      </sgf:level>
   </sgf:annotation>
</sgf:corpusData>

    
Figure 8.The SGF instance containing both syllable and morpheme annotation
    SGF's main benefit with respect to other non-XML-based developments such as TexMECS (cf.
        Huitfeldt2001) or the above-mentioned approaches is the usage of standard,
      non-extended XML together with its accompanying technologies, such as XPath, XSLT and XQuery.
      We believe that this may be an argument when it comes to the sustainability aspect of larger
      corpora. In our project, we have developed a corpus consisting of 14 texts (both german
      scientific and newspaper articles, 3,084 sentences, 56,203 tokens, 11,740 discourse entities,
      4,323 anaphoric relations in total), densely annotated on four different levels (logical
      document structure, syntactic annotation, discourse entities and anaphoric relations). A
      partner project adopted SGF as export format for lexical chaining (SGF-LC, cf. Waltinger2008). In addition, it is used as import and export format of the web
      based annotation tool Serengeti (cf. Stührenberg2007) and was chosen as one of the possible pivot formats for the
        Anaphoric Bank (cf. http://www.anaphoricbank.org and Poesio2009). Cf.
        Stührenberg2008 and Witt2009a for a detailed discussion
      of SGF and its use in analyzing the before-mentioned linguistic corpus.

  
  
    The development of SGF to XStandoff

    The version of SGF discussed in Stührenberg2008 is considered as stable
      version 1.0. However, work has begun on a forthcoming version addressing some minor issues
      – this developer version is called XStandoff (XStandoff version 1.1 internally,
      although the final version number may change during the ongoing development process). These
      newer developments which are described in this section are accompanied by the creation of
      different tools which allow the broader use of XStandoff for the analysis of multi-dimensional
      markup (discussed in The XStandoff toolkit).

    The changes made to the SGF's base layer can be divided into structural changes that
      affect the compatibility between SGF 1.0 and XStandoff 1.1 instances (some of which break the
      compatibility – for this reason a new name and namespace was chosen) and changes
      made in the underlying XML schemas that define the XStandoff meta format. XStandoff 1.1
      supports external metadata via the newly introduced metaRef element which can be
      used as child element of the corpus, corpusData,
        resource, annotation, level, layer and
        log elements as an alternative to the already established meta
      element. Analogical, SGF's location element that has been used for providing a
      reference to a file containing the primary data was dropped in favor of the new
        primaryDataRef element. Both, metaRef and
        primaryDataRef share the same globally defined RefType type
      (together with the corpusDataRef and resourceRef elements) which
      stores the attributes uri, encoding and mime-type,
      improving the readability of the underlying XStandoff schema. The type attribute
      which was located at the corpusData element in SGF and was used to differentiate
      between textual and multimodal corpus entries was removed, since corpusData
      elements containing multiple primaryDataRef children depicting primary data files
      of different mime-types (e.g. video, audio and text files) should not have a singular type.
      The priority attribute was moved from the level element to the
        layer element. The attribute has been used to prioritize annotation layers
      (i.e. the XML serialization) in case of overlapping markup, therefore the re-arrangement
      should clarify its application.

    Other elements have been renamed: segments is now called
        segmentation and the annotation element may only appear once at
      most underneath a corpusData entry. SGF allowed several annotation
      elements but since XStandoff supports multiple levels and layers, the annotation
      element serves only as a wrapper similar to the segmentation element.

    The XML schema for XStandoff's log functionality is now incorporated into XStandoff's base
      schema and can be considered as an integrated component of XStandoff's core functionality
      (although it is still application-driven). Figure 9, “The structure of an XStandoff instance” shows the
      resulting new structure. Again, keep in mind that the elements colored red do not belong to
      the XStandoff meta language.

    [image: The structure of an XStandoff instance]
        
      
Figure 9.The structure of an XStandoff instance
    In general, valid SGF instances can be updated with little or no effort at all (depending
      on the use of former optional attributes and elements) to fully comply to XStandoff.

    
      Disjoints and continuous segments and containment and dominance

      Annotating discontinuous or disjoint such as non-contiguous multi word expressions or
        separable verbs structures (e.g. in German) is a challenging task in XML (cf. Pianta2004). Although it would be possible to use separate layers in XStandoff
        to describe these structures as a workaround, disjoints and continuous segments are
        supported natively. As a concrete example, take the well-known beginning of 'Alice in
        Wonderland' (cf. Sperberg-McQueen2008 for a general discussion of the
        problems raised by discontinuity).

      
        Alice was beginning to get very tired of sitting by her sister on the bank and of
          having nothing to do: once or twice she had peeped into the book her sister was reading,
          but it had no pictures or conversations in it, "and what is the use of a book," thought
          Alice, "without pictures or conversations?"

      

      The XStandoff instance of this example is shown in Figure 10, “Disjoint segments in XStandoff”.
        Since both, p and q element belong to the logical document
        structure level, only one level element is included. The quotation is annotated
        as a q element constructed by the disjoint segment with the
        identifier seg4 which itself uses the segments seg2 and seg3.

      <xsf:corpusData xmlns="http://www.xstandoff.net/2009/xstandoff/1.1"
 xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
 xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1"
 xsi:schemaLocation="http://www.xstandoff.net/2009/xstandoff/1.1 ../xsd/xsf.xsd"
 xsfVersion="1.1" xml:id="alice">
  <xsf:primaryData start="0" end="302">
    <textualContent>Alice was beginning to get very tired of sitting by her
     sister on the bank and of having nothing to do: once or twice she had
     peeped into the book her sister was reading, but it had no pictures or
     conversations in it, "and what is the use of a book," thought Alice,
     "without pictures or conversations?"</textualContent>
  </xsf:primaryData>
  <xsf:segmentation>
    <xsf:segment xml:id="seg1" type="char" start="0" end="302"/>
    <xsf:segment xml:id="seg2" type="char" start="218" end="250"/>
    <xsf:segment xml:id="seg3" type="char" start="266" end="302"/>
    <xsf:segment xml:id="seg4" type="seg" segments="seg2 seg3" mode="disjoint"/>
  </xsf:segmentation>
  <xsf:annotation>
    <xsf:level xml:id="alice-log">
      <xsf:layer xmlns:log="http://www.xstandoff.net/alice/log"
       xsi:schemaLocation="http://www.xstandoff.net/alice/log ../xsd/alice-log.xsd"
       priority="0">
        <log:text xsf:segment="seg1">
          <log:p xsf:segment="seg1">
            <log:q xsf:segment="seg4"/>
          </log:p>
        </log:text>
      </xsf:layer>
    </xsf:level>
  </xsf:annotation>
</xsf:corpusData>

      
Figure 10.Disjoint segments in XStandoff
      Due to the differentiation between the annotation concept (the level) and its XML
        representation (the layer), it is possible to sum up different XML serializations underneath
        the very same level element. XStandoff's layer element serves as a wrapper for
        the slightly converted representation of the former inline annotation – the only
        changes that are made concern the deletion of text nodes and the addition of the
          segment attribute that links to the corresponding segment
        element. The conversion applies to both the annotation instance and its underlying XML
        schema description (into which XStandoff's base layer is imported to add the
          segment attribute to all element nodes as optional attribute) – the
        latter can be used both for validating the original inline annotation and the converted
        representation as part of the XStandoff instance. In contrast to other approaches the
        hierarchical structure of and the attributes included in the imported annotation layers
        remain unchanged.

       In Sperberg-McQueen2008 the authors make an argument for
        distinguishing more broadly between dominance and containment. The former should be regarded
        as the transitive closure of the parent/child
          relation while the latter is regarded as superset/subset relation on the leaf nodes reachable from a
          node by following parent-child arcs. To clarify this distinction between both
        concepts different XStandoff representations are possible as well (cf. Figure 11, “Disjoint segments in XStandoff – Excerpt of an alternative representation in which p dominates the q fragments” and Figure 12, “Disjoint segments in XStandoff – Excerpt of an alternative representation in which p does not dominate q”). In these
        alternative representations, dominance is encoded as hierarchical relationship between the
        two nodes p and q while containment is encoded via the
        corresponding segments' start and end positions.

      <!-- ... -->
<xsf:layer xmlns:log="http://www.xstandoff.net/alice/log"
 xsi:schemaLocation="http://www.xstandoff.net/alice/log ../xsd/alice-log.xsd"
 priority="0">
  <log:text xsf:segment="seg1">
    <log:p xsf:segment="seg1">
      <log:q xsf:segment="seg2"/>
      <log:q xsf:segment="seg3"/>
    </log:p>
    <log:q xsf:segment="seg4"/>
  </log:text>
</xsf:layer>
<!-- ... -->

      
Figure 11.Disjoint segments in XStandoff – Excerpt of an alternative representation
          in which p dominates the q fragments
      <!-- ... -->
<xsf:layer xmlns:log="http://www.xstandoff.net/alice/log"
 xsi:schemaLocation="http://www.xstandoff.net/alice/log ../xsd/alice-log.xsd"
 priority="0">
  <log:text xsf:segment="seg1">
    <log:p xsf:segment="seg1"/>
    <log:q xsf:segment="seg4"/>
  </log:text>
</xsf:layer>
<!-- ... -->

      
Figure 12.Disjoint segments in XStandoff – Excerpt of an alternative representation
          in which p does not dominate q
      Other possible XStandoff instances include the separation of the q element
        from the p layer at all (i.e. using separate layer elements which
        is permitted by XStandoff), however, as already stated above, when dealing with disjoints
        units, the inherent methods should be preferred.

    
    
      Inline XStandoff

      In contrast to SGF, XStandoff supports a newly introduced inline representation (cf.
        Section Building inline XStandoff annotations: XSF2inline.xsl), containing the virtual root element
          inline and the generic milestone element (modelled according to
        the respective TEI element, cf. Burnard2008). During the Sekimo project
        Schiller's 'Die Bürgschaft' was annotated on the following annotation levels: words,
        morphemes, syllables, verse, prose and phrase[4]. We've converted these six levels into a single XStandoff instance[5]. The inline representation shown in Figure 13, “Part of the inline XStandoff instance of Schiller's 'Die Bürgschaft' annotated on six levels.” was
        generated afterwards (cf. Demonstration: Creating an inline XStandoff annotation).

      <xsf:inline xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1"
            xmlns="http://www.xstandoff.net/2009/xstandoff/1.1"
            xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
            xmlns:silbe="http://www.xstandoff.net/buergschaft/silbe"
            xmlns:wort="http://www.xstandoff.net/buergschaft/wort"
            xmlns:vers="http://www.xstandoff.net/buergschaft/vers"
            xmlns:morpheme="http://www.xstandoff.net/buergschaft/morpheme"
            xmlns:prosa="http://www.xstandoff.net/buergschaft/prosa"
            xmlns:phrase="http://www.xstandoff.net/buergschaft/phrase">
   <silbe:text xsf:segment="seg1">
      <silbe:body xsf:segment="seg1">
         <wort:text xsf:segment="seg1">
            <wort:body xsf:segment="seg1">
               <vers:text a="b" xsf:segment="seg1">
                  <vers:body xsf:segment="seg1">
                     <morpheme:text xsf:segment="seg1">
                        <morpheme:body xsf:segment="seg1">
                           <prosa:text xsf:segment="seg1">
                              <prosa:body xsf:segment="seg1">
                                 <phrase:text xsf:segment="seg1">
                                    <phrase:body xsf:segment="seg1">
                                       <silbe:head xsf:segment="seg2">
                                          <wort:head xsf:segment="seg2">
                                             <vers:head xsf:segment="seg2">
                                                <morpheme:head xsf:segment="seg2">
                                                   <prosa:head xsf:segment="seg2">
                                                      <phrase:head xsf:segment="seg2">Die Bürgschaft</phrase:head>
                                                   </prosa:head>
                                                </morpheme:head>
                                             </vers:head>
                                             <!-- ... -->
</xsf:inline>

      
Figure 13.Part of the inline XStandoff instance of Schiller's 'Die Bürgschaft' annotated on six
          levels.
      Since each single annotation layer contains a text root element, a
          body and a head element, these elements occur six times in the
        resulting XStandoff instance. It should be noted, that in this case the inline XStandoff
        instance is more than two-thirds bigger in size than the 'classic' (i.e. standoff) XStandoff
        instance (763.9 KB vs. 452.5 KB) and is far from being easily readable.

    
    
      Introducing the 'all' namespace

      For both 'classic' XStandoff and especially for inline XStandoff instances, a new
        namespace – http://www.xstandoff.net/2009/all – was
        introduced. Elements belonging to this namespace do not only share the same range of
        characters but the generic identifier and are present in all annotation layers (e.g. the
        above mentioned text root element). Figure 14, “Excerpt of the inline XStandoff instance of Schiller's 'Die Bürgschaft' using the all namespace.” shows
        the same part of the inline XStandoff instance using the newly introduced namespace. Note
        that the a attribute of the text element of the verse layer
        remains intact. Cf. Figure 19, “The inline XStandoff annotation of 'Die Bürgschaft' (buergschaft-wort-prosa-silbe-vers-phrase-morphem-inline.xml)” in Demonstration: Creating an inline XStandoff annotation for an
        extended excerpt.

      <xsf:inline xmlns:sgf="http://www.text-technology.de/sekimo"
            xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
            xmlns="http://www.xstandoff.net/2009/xstandoff/1.1"
            xmlns:all="http://www.xstandoff.net/2009/all"
            xmlns:silbe="http://www.xstandoff.net/buergschaft/silbe"
            xmlns:wort="http://www.xstandoff.net/buergschaft/wort"
            xmlns:vers="http://www.xstandoff.net/buergschaft/vers"
            xmlns:morpheme="http://www.xstandoff.net/buergschaft/morphem"
            xmlns:prosa="http://www.xstandoff.net/buergschaft/prosa"
            xmlns:phrase="http://www.xstandoff.net/buergschaft/phrase">
   <all:text xsf:segment="seg1" vers:a="b">
      <all:body xsf:segment="seg1">
         <all:head xsf:segment="seg2">Die Bürgschaft</all:head>
            <!-- ... -->
</xsf:inline>

      
Figure 14.Excerpt of the inline XStandoff instance of Schiller's 'Die Bürgschaft' using the
            all namespace.
      This mechanism allows for a better readability of a multi-dimensional annotated inline
        XStandoff instance. However, one should be aware that the all namespace should only be used when the respective elements not only bear
        the same generic identifier and character range but also the same semantic value.

      Note that the inline XStandoff instance lacks the support for validation of
        multi-dimensional annotations that is present in 'classic' XStandoff instances and should be
        therefore considered for demonstration purposes only.

    
  
  
    The XStandoff toolkit

     In the context of XStandoff's development several XSLT 2.0 stylesheets (cf. Kay2007, Kay2008) have been created which allow for the
      convenient generation and editing of XStandoff files[6]. Since there are no product specific extensions, transformations should be able to
      be executed by every XSLT processor supporting XSLT 2.0. The transformations during the test
      phase of the stylesheets have been performed by the Saxon XSLT processor which is available
      both as Open Source version Saxon-B and as optimized, schema-aware, commercial version Saxon-SA[7].

     Currently the XStandoff toolkit consists of four stylesheets which perform basic
      processing of XStandoff instances. They are responsible for the conversion of a single inline
      annotation to XStandoff, the merging of XStandoff annotation layers corresponding to the same
      primary data, the removing of single layers from an XStandoff file and, the conversion of an
      XStandoff instance to an XStandoff inline annotation (cf. The development of SGF to XStandoff).
      These tasks might seem simple, but as you will see it would hardly be possible to perform them
      manually. 

    
      Building XStandoff instances: inline2XF.xsl

       At the moment the easiest way of building XStandoff files is to transform an inline
        annotation into XStandoff by the stylesheet inline2XSF.xsl.
        This excludes the coverage of overlapping markup at first sight because of the inline
        annotation not including such structures. But we will show how to include more than one
        inline annotation into a single XStandoff file by merging several XStandoff annotations (cf.
          Merging XStandoff instances: mergeXSF.xsl). By this means overlapping structures can be
        covered.

      The transformation into XStandoff requires an input XML file ideally containing elements
        bound by XML namespaces. Every single namespace evokes the output of a layer in XStandoff
        which contains the elements of the namespace. Thereby the default (or empty) namespace is
        treated like the named ones. Thus inline annotations without explicit namespace declarations
        can also be processed (in this case a namespace will be generated). 

      The process of converting an inline annotation to XStandoff is divided into two steps:
        Firstly, segments are built on the basis of the occurring elements. There are two possible
        ways of mapping the element boundaries to the textual content in the form of character
        positions. The preferred way of reaching such a mapping is the use of a primary data file
        which contains the bare text without annotations. The name of this file can be provided
        during the transformation call by specifying the stylesheet parameter primary-data. Providing the location of a primary data file leads to a
        comparison of the content of the primary data file and the textual content of the input file
        of the transformation. This guarantees primary data identity. If no primary data location is
        provided, the textual content of the input file is used to build up the primary data. This
        has certain disadvantages such as the lack of line breaks since these cannot easily be
        inferred by the textual content of an XML file. Furthermore, the automatic conversion of the
        textual content of the input file to be used as primary data relies on heuristics which have
        to detect white space characters. Because of the complexity of this task it is possible to
        get undesirable results.

      After the building of segments, the second step of the transformation is to return
        layers on the basis of namespaces. Thus for every namespace the corresponding elements are
        released from the initial inline annotation and copied into the layer maintaining the
        embedding relations. Meanwhile the elements in the XStandoff layer get connected to the
        according segments by ID/IDREF binding. In this manner one segment can serve as a reference
        for elements from different layers.

      There are several additional optional parameters which can control certain aspects of
        the transformation from inline to XStandoff. The most important of them will be briefly
        outlined below.

      
        	
          virtual-root (data type: xs:string; default value:
            '')

          Specifies a unique element (if no error occurs) which serves as the starting point
            of the conversion of the input file. By default the whole file will be converted
            starting at the document root. 

        

        	
          meta-root (data type: xs:string; default value:
            'header')

          This parameter determines the location of metadata in the input XML document (if
            any). By this means it can be copied into the XStandoff instance. Analogous to the
            parameter virtual-root an element name is expected as a value of meta-root.

        

        	
          local-xsd (data type: xs:boolean; default value:
            0)

          Determines whether the corresponding XStandoff XML Schema files are stored locally
            or shall be taken from the WWW (i.e. from
              http://www.xstandoff.net/2009/xstandoff/1.1). By default the global XSDs
            are used.

        

        	
          include-ws-segments (data type: xs:boolean; default
            value: 0)

          XStandoff uses segments for referencing units of the primary data annotated in one
            or more annotation layers. Additional segments for non-character data (i.e. white space
            characters, such as blanks, line breaks, etc.) can be computed and returned by the
            stylesheet as well if the parameter include-ws-segments is set to '1'.

        

        	
          all-layer (data type: xs:boolean; default value:
            0)

          The output of an 'all-layer' (cf. Inline XStandoff) containing
            elements present in all annotation layers depends on the specification of this
            parameter. By default its value is set to '0' which avoids the transfer of the
            respective elements into the 'all-layer' (cf. Introducing the 'all' namespace). 

        

      

    
    
      Merging XStandoff instances: mergeXSF.xsl

      Due to the frequent use of the ID/IDREF mechanism in XStandoff for establishing
        connections between segment elements (i.e. the limits of the respective text
        span in the primary data's character stream) and the corresponding annotation, manually
        merging XStandoff files seems quite unpromising. The XSLT stylesheet 
          mergeXSF.xsl transforms two XStandoff instances into a single one containing
        the annotation levels (or layers) from both input files. The first XStandoff file is
        provided as the input file of the transformation, the second file's name has to be included
        via the stylesheet parameter merge-with. 

       The main problem is to adapt the segments from the involved XStandoff files to each
        other. On the one hand there are segments in the different files spanning over the same
        string of the primary data, but having distinct IDs. In this case the two segments have to
        be replaced by one. On the other hand there will be segments with the same ID, but spanning
        over different character positions. These have to get new unique IDs. The merging of the
        XStandoff files in general leads to a complete reorganization of the segment list making it
        necessary to update the segment references of the elements in the XStandoff layers. After
        fulfilling this duty, the XStandoff layers are included in the new XStandoff file. 

       The reorganization of the segment list can be disabled by configuring the stylesheet
        parameter keep-segments. Specifying the value '1' causes
        the perpetuation of the segments of the input XStandoff file. However, the segments of the
        file provided by the merge-with parameter are always
        subject to a reorganization.

      In addition, the stylesheet handles the optional output of the 'all-layer'. Setting the
        value of the all-layer parameter to '1' evokes the
        inclusion of this special layer containing the elements that are present in every single
        annotation layer. It is irrelevant if there was an 'all-layer' present in the input files or
        not. Though it might happen that no such layer is returned, namely if there are no elements
        in the several layers which share the required features. 

       Currently the stylesheet only supports the merging of two single XStandoff files.
        Naturally this allows for a successive merging of more than two files. However it would be
        more straightforward to have the possibility of merging more than two XStandoff files during
        a single transformation. A future version of the stylesheet supporting multi-file-merge is
        in preparation. 

    
    
      Deleting parts of XStandoff instances: removeXSFcontent.xsl

      For deletion of parts of an XStandoff instance the stylesheet removeXSFcontent.xsl can be applied. During the transformation call one has to
        supply the ID of the element to be deleted (either level or layer)
        via the value of the remove-ID parameter. The matching
        element is removed from the XStandoff file and the list of segments is updated, i.e. the
        segments which solely were referenced by descendant elements of the mentioned element are
        excluded. This, admittedly, again leads to a reorganzation of the segments since these by
        default get a continuous numbering. 

      Similar to the usage of the mergeXSF.xsl stylesheet the
        reorganization of the segments can be disabled by the stylesheet parameter keep-segments. The value '1' lets the stylesheet keep the old
        segments, but without those only referenced by descendant elements of the deleted
        element.

      Furthermore, the removed XStandoff content can be returned in a separate file.
        Specifying the value '1' for the stylesheet parameter return-removed will encourage the stylesheet to return the removed content
        into a new XStandoff instance. Accordingly, the new file will contain the segments
        referenced by elements of the removed content and the removed content itself. 

    
    
      Building inline XStandoff annotations: XSF2inline.xsl

      In addition to the inline2XSF.xsl stylesheet there is a
        counterpart. XSF2inline.xsl creates an inline annotation on
        the basis of an XStandoff instance. The approach covers the handling of overlapping markup
        insofar as these structures are represented by milestone elements in the resulting inline
        annotation (cf. Figure 13, “Part of the inline XStandoff instance of Schiller's 'Die Bürgschaft' annotated on six levels.” in The development of SGF to XStandoff).
        Concerning this matter, the first task of the stylesheet is to detect segments whose start
        and end position information constitute an overlap. These segments are split up into
        segments representing milestones so that they can be used as an adequate basis to build an
        inline annotation. The linear list of segments is processed recursively by taking the
        currently outermost segments (those who are not included in other segments' spans which
        respectively are determined by their start and end positions in the character range of the
        primary data). The elements of the XStandoff layers which are referenced by the outermost
        segments are copied into the inline annotation. The segments which are embedded in the
        outermost segments are processed recursively. 

      However, copying the elements from the XStandoff layers has to be controlled by a
        mechanism regarding the possibility of elements from different layers referencing the same
        segment. These elements share the same positions for start and end tags and therefore a
        decision has to be made in which order they should be nested into one another. The optional
        stylesheet parameter sort-by refers to this circumstance.
        Its default value is 'measure' which means that a statistical analysis is performed by the
        stylesheet that diagnoses the embedding relations of all occuring element types by
        frequency. An expected result would be that elements representing sentence boundaries are
        embedded into those for paragraphs because this embedding relation is more frequent than
        vice versa. The only case this approach could be inadequate for are
        elements of different layers for which no definite statistical result for embedding can be
        achieved. For instance, there could be elements whose boundaries always share the same
        character positions, but which can clearly semantically be assigned to a certain embedding.
        This case cannot be covered by the statistical method. 

       In addition, the embedding can be based on the priority attribute of the
          level (in SGF version 1.0) or the layer (in XStandoff version
        1.1, cf. The development of SGF to XStandoff) element. This strategy can be accessed by
        specifying the value 'priority' for the parameter sort-by.
        Low values of the priority attribute in the XStandoff annotation are nested
        deeper in the inline annotation than higher ones. By this means the user can specify the
        embedding manually, but one has to be sure to set the values of the attribute correctly to
        get the desired result. This method underlies the assumption that there can be a
        semantically grounded, definite decision for the embedding. The most promising concept was a
        mixture of the both approaches which has to be realized in future work. 

      There is an additional optional stylesheet parameter return-segID which can be very helpful to retain a connection between the
        XStandoff file and the resulting inline annotation. By default the value of this parameter
        is set to '1' which means that the segment attribute is retained throughout the
        conversion process. The parameter has been added mainly for control issues. 

    
    
      Demonstration: Creating an inline XStandoff annotation

       In this section the conversion of six original annotations into one inline XStandoff
        annotation will be outlined. This will demonstrate the function and execution of the several
        XSLT stylesheets which are involved in this process. An extract of the final result of the
        conversion process can be seen in Inline XStandoff where the inline
        XStandoff annotation was introduced. 

       There are three major steps in order to create one inline XStandoff annotation out of
        the six input annotations: 

      
        	
          Applying the stylesheet inline2XSF.xsl to each input annotation

        

        	
          Successively merging the resulting standoff XStandoff files into one with
            mergeXSF.xsl

        

        	
          Creating an inline XStandoff instance via the stylesheet XSF2inline.xsl

        

      

      
        Applying inline2XSF.xsl

         The six original annotation files are given by different annotations of Schiller's
          'Die Bürgschaft' which cover several linguistic fields: words, morphemes, syllables,
          verse, prose and phrase.[8]
        

        
          Figure 15, “The original word level annotation of 'Die Bürgschaft' (buergschaft-wort.xml)” shows an extract of one of the original annotations. In
          case of missing namespaces these are created automatically by the stylesheet. For the sake
          of readability the namespace prefix 'wort' was added to the elements derived from this
          namespace.

        <wort:text xmlns:wort="http://www.xstandoff.net/buergschaft/wort">
  <wort:body>
    <wort:head>Die Bürgschaft</wort:head>
    <wort:ws> </wort:ws>
    <wort:bibl><wort:author>Friedrich Schiller</wort:author></wort:bibl>
    <wort:ws> </wort:ws>
    <wort:p>
      <wort:s>
        <wort:w>Zu</wort:w>
        <wort:w>Dionys</wort:w>
        <wort:w>dem</wort:w>
        <wort:w>Tirannen</wort:w>
        <wort:w>schlich</wort:w>
        <wort:w>Damon</wort:w>,
        <!--...-->
</wort:text>

        
Figure 15.The original word level annotation of 'Die Bürgschaft'
            (buergschaft-wort.xml)
        The corresponding primary data file buergschaft-pd.txt has the following plain text
          content:

        Die Bürgschaft Friedrich Schiller 
Zu Dionys dem Tirannen schlich Damon, den Dolch im Gewande, Ihn schlugen (...)

        
Figure 16.Primary data of 'Die Bürgschaft' (buergschaft-pd.txt)
        The result of the invoked transformation (saxon buergschaft-wort.xml
            inline2XSF.xsl primary-data=buergschaft-pd.txt) is an XStandoff instance
          containing the converted annotation including references to the respective spans in the
          primary data's character stream defined by the segments elements (cf. Figure 17, “The converted word level annotation of 'Die Bürgschaft' (buergschaft-wort-xsf.xml)”). 

        <xsf:corpusData xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
                xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1"
                xsi:schemaLocation="http://www.xstandoff.net/2009/xstandoff/1.1 ../xsd/xsf.xsd"
                xsfVersion="1.1"
                xml:id="wort-ns">
   <xsf:primaryData start="0" end="5188">
      <primaryDataRef xmlns="http://www.xstandoff.net/2009/xstandoff/1.1" uri="buergschaft-pd.txt"/>
   </xsf:primaryData>
   <xsf:segmentation>
      <xsf:segment xml:id="seg1" type="char" start="0" end="5186"/>
      <xsf:segment xml:id="seg2" type="char" start="0" end="14"/>
      <xsf:segment xml:id="seg3" type="char" start="14" end="15"/>
      <xsf:segment xml:id="seg4" type="char" start="15" end="33"/>
      <xsf:segment xml:id="seg5" type="char" start="33" end="34"/>
      <!--...-->
   </xsf:segmentation>
   <xsf:annotation>
      <xsf:level xml:id="wort-ns-level1">
         <xsf:layer xmlns:wort="http://www.xstandoff.net/buergschaft/wort" priority="0"
                    xsi:schemaLocation="http://www.xstandoff.net/buergschaft/wort ../xsd/buergschaft_wort.xsd">
            <wort:text xsf:segment="seg1">
               <wort:body xsf:segment="seg1">
                  <wort:head xsf:segment="seg2"/>
                  <wort:ws xsf:segment="seg3"/>
                  <wort:bibl xsf:segment="seg4">
                     <wort:author xsf:segment="seg4"/>
                  </wort:bibl>
                  <wort:ws xsf:segment="seg5"/>
                  <wort:p xsf:segment="seg6">
                     <wort:s xsf:segment="seg7">
                        <wort:w xsf:segment="seg8"/>
                        <wort:w xsf:segment="seg9"/>
                        <wort:w xsf:segment="seg10"/>
                        <!--...-->
</xsf:corpusData>

        
Figure 17.The converted word level annotation of 'Die Bürgschaft'
            (buergschaft-wort-xsf.xml)
        The other five input annotations are transformed analogously, serving as
          the basis for the next processing step: the application of the mergeXSF stylesheet.
        

      
      
        Merging XStandoff instances

        As mentioned above, several different XStandoff instances relying on the same primary
          data can be combined into a single XStandoff file. However, it is not yet possible to
          integrate the respective annotation levels and layers within a single transformation call.
          In order to get a single result instance, one has to use five calls in total. The first
          call merges two of the instances (e.g. saxon -o <RESULT>.xml
            buergschaft-wort-xsf.xml mergeXSF.xsl merge-with=buergschaft-silbe-xsf.xml
            all-layer=1). 

         The next four transformation calls merge the result
            (<RESULT>.xml from the previous call) with the single
          remaining XStandoff instances. Due to the stylesheet parameter all-layer which is set to 1 in the call, the result will
          contain a layer which stores those elements present in all layers (cf. Merging XStandoff instances: mergeXSF.xsl). Figure 18, “The merged XStandoff annotation of 'Die Bürgschaft' (buergschaft-wort-prosa-silbe-vers-phrase-morphem-xsf.xml)” shows an extract of the
          result of the five mergeXSF transformations. 

        <xsf:corpusData xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"
                xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1"
                xsfVersion="1.1"
                xml:id="wort-ns-prosa-ns-silbe-ns-vers-ns-phrase-ns-morphem-ns"
                xsi:schemaLocation="http://www.xstandoff.net/2009/xstandoff/1.1 ../xsd/xsf.xsd">
   <!-- ... -->
   <xsf:annotation>
      <xsf:level xml:id="all-level">
         <xsf:layer xmlns:all="http://www.xstandoff.net/2009/all" priority="0"
                    xsi:schemaLocation="http://www.xstandoff.net/2009/all ../xsd/xsf.xsd">
            <all:text xmlns:vers="http://www.xstandoff.net/buergschaft/vers"
                      xsf:segment="seg1"
                      vers:a="b">
               <all:body xsf:segment="seg1">
                  <all:head xsf:segment="seg2"/>
                  <!--...-->
               </all:body>
            </all:text>
         </xsf:layer>
      </xsf:level>
      <xsf:level xml:id="wort-ns-level1">
         <xsf:layer xmlns:wort="http://www.xstandoff.net/buergschaft/wort" priority="0"
                    xsi:schemaLocation="http://www.xstandoff.net/buergschaft/wort ../xsd/buergschaft_wort.xsd">
            <wort:p xsf:segment="seg6">
            <!--...-->
            </wort:p>
         </xsf:layer>
      </xsf:level>
      <xsf:level xml:id="prosa-ns-level1">
         <xsf:layer xmlns:prosa="http://www.xstandoff.net/buergschaft/prosa" priority="0"
                    xsi:schemaLocation="http://www.xstandoff.net/buergschaft/prosa ../xsd/buergschaft_prosa.xsd">
            <prosa:p xsf:segment="seg6">
            <!--...-->
</xsf:corpusData>

        
Figure 18.The merged XStandoff annotation of 'Die Bürgschaft'
            (buergschaft-wort-prosa-silbe-vers-phrase-morphem-xsf.xml)
      
      
        Converting standoff to inline

         The last step which has to be applied in order to get an inline XStandoff annotation
          created from the six original input annotations is the transformation done by the
          stylesheet XSF2inline.xsl (saxon -o <RESULT>.xml
            buergschaft-wort-prosa-silbe-vers-phrase-morphem-xsf.xml XSF2inline.xsl).
          Overlaps which may occur, are covered by insertion of the newly introduced
            milestone element. 

        <xsf:inline xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1"
   xmlns:silbe="http://www.xstandoff.net/buergschaft/silbe"
   xmlns:wort="http://www.xstandoff.net/buergschaft/wort"
   xmlns:vers="http://www.xstandoff.net/buergschaft/vers"
   xmlns:morphem="http://www.xstandoff.net/buergschaft/morphem"
   xmlns:prosa="http://www.xstandoff.net/buergschaft/prosa"
   xmlns:phrase="http://www.xstandoff.net/buergschaft/phrase" 
   xmlns:all="http://www.xstandoff.net/2009/all">
   <all:text xsf:segment="seg1" vers:a="b">
      <all:body xsf:segment="seg1">
         <all:head xsf:segment="seg2">Die Bürgschaft</all:head>
            <all:bibl xsf:segment="seg3">
               <all:author xsf:segment="seg3">Friedrich Schiller</all:author>
            </all:bibl>
            <silbe:p xsf:segment="seg4">
               <wort:p xsf:segment="seg4">
                  <vers:lg xsf:segment="seg4">
                     <morphem:p xsf:segment="seg4">
                        <prosa:p xsf:segment="seg4">
                           <phrase:p xsf:segment="seg4">
                              <!--...-->
                                <xsf:milestone xsf:segment="seg16~1" xsf:unit="morphem:m" xsf:n="1" xsf:charpos="49"
                                               xsf:type="start"/>
                                <wort:w xsf:segment="seg15">
                                   <silbe:syll xsf:segment="seg17">Ti</silbe:syll>
                                   <silbe:syll xsf:segment="seg18">ran</silbe:syll>
                                   <silbe:syll xsf:segment="seg19">n<xsf:milestone xsf:segment="seg16~2" 
                                               xsf:unit="morphem:m" xsf:n="2" xsf:charpos="55" xsf:type="end"/>
                                      <morphem:m xsf:segment="seg20">en</morphem:m>
                                   </silbe:syll>
                                </wort:w>
                              <!--...-->
</xsf:inline

        
Figure 19.The inline XStandoff annotation of 'Die Bürgschaft'
            (buergschaft-wort-prosa-silbe-vers-phrase-morphem-inline.xml)
         Note that the above listing contains the representation of an overlap. Since morpheme
          and syllable level contain concurring annotations
            (<morphem:m>Tiran<silbe:syll>n</morphem:m>en</silbe:syll>)
          milestone elements have been added to mark the original boundaries of the morphem:m
          element.

      
    
  
  
    Analyzing cross-level relations with XStandoff and XQuery

    Since XStandoff is a meta language based on standard XML, a variety of XML processing
      tools may be used. In addition to the XStandoff toolkit an XQuery script is available as a
      first starting point for analyzing relations between elements derived from different
      annotation levels (and layers respectively). The query takes a valid XStandoff instance as
      input and demands to provide a target element on an included layer which is used as starting
      point for the finding of relations to other elements derived on different annotation layers.
      For this example we have chosen the English translation of Brothers Grimm's 'The three lazy
      ones' which was annotated with two different linguistic parsers: the freely available TreeTagger[9] and the POS tagger that is part of the eHumanities Desktop[10] which can be used at no charge as an online resource (cf. Gleim2009). The resulting XStandoff instance can be downloaded at http://www.xstandoff.net/examples/grimm.html. The output of the query contains the
      target element and the corresponding elements on other layers, starting with elements that share
      the same segment (and share therefore the identical text span in the primary data). The
      relations identified by the XQuery are based on the work done by Durusau2002. An excerpt of the output can be seen in Figure 20, “Excerpt of the output of the XQuery applied to the 'The three lazy ones'”.

    <results>
  <relations docID="grimm_the_three_lazy_ones">
    <targetElement xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1" start="0" end="1"
      name="eHD:w" xml:id="w1_wo1" type="XY" lemma="A" xsf:segment="seg3" part="N">
      <identical start="0" end="1" name="tree:token" word="a" pos="DT" xsf:segment="seg3"/>
      <startPointIdentical start="0" end="1091" name="eHD:text" xml:id="t0" xsf:segment="seg1"/>
      <startPointIdentical start="0" end="1091" name="eHD:body" xml:id="b0" xsf:segment="seg1"/>
      <startPointIdentical start="0" end="1091" name="eHD:div" xml:id="w1_di1" xsf:segment="seg1"
        part="N" org="uniform" sample="complete"/>
      <startPointIdentical start="0" end="1091" name="eHD:p" xml:id="w1_pa1" xsf:segment="seg1"/>
      <startPointIdentical start="0" end="127" name="eHD:s" xml:id="w1_se1" xsf:segment="seg2"
        part="N"/>
      <startPointIdentical start="0" end="1091" name="tree:corpus" xsf:segment="seg1"/>
    </targetElement>
    <targetElement xmlns:xsf="http://www.xstandoff.net/2009/xstandoff/1.1" start="2" end="6"
      name="eHD:w" xml:id="w1_wo2" type="NN" lemma="king" xsf:segment="seg4" part="N">
      <identical start="2" end="6" name="tree:token" word="king" pos="NN" xsf:segment="seg4"/>
      <inclusion start="0" end="1091" name="eHD:text" xml:id="t0" xsf:segment="seg1"/>
      <inclusion start="0" end="1091" name="eHD:body" xml:id="b0" xsf:segment="seg1"/>
      <inclusion start="0" end="1091" name="eHD:div" xml:id="w1_di1" xsf:segment="seg1" part="N"
        org="uniform" sample="complete"/>
      <inclusion start="0" end="1091" name="eHD:p" xml:id="w1_pa1" xsf:segment="seg1"/>
      <inclusion start="0" end="127" name="eHD:s" xml:id="w1_se1" xsf:segment="seg2" part="N"/>
      <inclusion start="0" end="1091" name="tree:corpus" xsf:segment="seg1"/>
    </targetElement>
    <!-- ... -->
  </relations>
</results>

    
Figure 20.Excerpt of the output of the XQuery applied to the 'The three lazy ones'
    In this example the eHD:w element (derived from eHumanities Desktop's
      tagger) is used as target element. An element that shares the same segment of the primary data
      is the tree:token element (marked as identical element) derived from
      the TreeTagger parse. Since the target element is the first element other elements share the
      same starting point, such as eHD:text, eHD:body,
        eHD:div, eHD:p and eHD:s (on the same layer) and
        tree:corpus (derived from the TreeTagger output). The second target element
      (the second eHD:w element) is again identical to the tree:token element, and is
      included (in the sense of containment, cf. Disjoints and continuous segments and containment and dominance) by a variety of
      other elements.

    In this scenario XStandoff can be used for different purposes: for comparing different
      linguistic resources' output in terms of both quality and quantity of the annotation, for
      refining and boosting overall annotation performance by combining several resources, and of
      course for analyzing virtual parenthoods between elements derived from different annotation
      layers (cf. Stührenberg2008 for a real-world example).

  
  
    Conclusion and Future Work

    We have demonstrated both the further developments that have been made to the Sekimo
      Generic Format, resulting in XStandoff, and the respective XSLT stylesheets that can be used
      to generate and modify XStandoff instances. It is planned that XStandoff's current development
      version will be finished as a stable version in time with XML Schema 1.1 which is in the
      Working Draft status at the time of writing (XMLSchema2009) and which would
      allow us to dismiss the embedded Schematron assertions. Regarding the XSLT part of the
      XStandoff toolkit, future enhancements are supposable in the support of the
      containment/dominance feature and since the creation of XStandoff instances is a multi-step
      process (cf. Demonstration: Creating an inline XStandoff annotation), providing an XProc pipeline (cf. XProc2009) is another future option. Further perspectives include the building
      of a corpus of multi-dimensional annotated (and possibly overlapping) markup for further
      developments regarding both XStandoff's specification and the respective XSLT stylesheets (a
      starting point has been made at http://www.xstandoff.net/examples/index.html). This corpus should be gathered
      together with other interested parties, e.g. the Markup Languages for Complex Documents (MLCD)
      project, the XCONCUR developers and the LMNL community. Alternative XQuery realizations of the
      discussed XSLT stylesheets should give clues about further optimizations regarding the
      processing times (cf. Stührenberg2008 for a small test example). In
      addition, it would be promising to share our developments with the framework for format
      translations described by Marinelli2008.

    Although XStandoff's formal model is considered as multi-rooted tree – at least
      if one restricts oneself to not using discontinous segments – additional future work
      has to be made regarding its expressiveness compared to other approaches, including GODDAG
      structures (cf. Sperberg-McQueen2004, Sperberg-McQueen2008a, Marcoux2008 and Marcoux2008a) and LMNL. This holds
      especially for an examination of the containment and dominance relations described in Sperberg-McQueen2008 but also to other formal aspects of concurrent
      markup.
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      Abstract
Standards and shared specifications allow us to share data, build general purpose tools, and significantly reduce training and customization costs and startup time. That is, the use of appropriate specifications can help us reduce costs, reduce startup time, and increase quality, usability, and reusability of content. Some vigorous standards proponents insist that the more standards used the better. To them I say mind your own business and let me mind my own store. They argue that using standards is always the right thing to do, because it enables re-use and interchange. Maybe so. But adoption of a standard that supports an activity that is not central to your mission is a distraction, an unwarranted expense, a bad idea.
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Editor‘s Note
This talk was given in the opening session of “Balisage: The Markup Conference” 2009.


Standards considered harmful. Actually, when it occurred to me that I might want to call a talk that, it occurred to me that XYZ considered harmful talks were probably harmful.  I thought about that, and I did a little browsing around, and learned that actually several  people have given conference talks or written essays about harmful essays being harmful. And I  decided that proves it’s a cliché, and there’s nothing wrong with clichés, so here I am talking about standards considered harmful. And as in most harmful-considered papers, what I’m really saying is:  Reflexive or mindless use of standards or mindless application of standards that are not applicable is harmful.



    

    Standards Bullying

We have, unfortunately I think, reached a stage in the evolution of markup and markup specifications and standards where we not only have a multitude of them, if not an excess, but we also have generated ourselves some religious fanatics about them. I am not really fond of fanatics of any sort — I think political fanatics make me even crazier than religious fanatics — but in either case application without reason or encouragement of application without reason is harmful. And it’s easier to fall into than you would think.


Standards bullying often comes in innocuous and helpful-sounding guises. Best practice is one that frequently makes my skin crawl. Oh, you can’t do that! It’s best practice to …. I’m going to talk about that some more in a minute, and we have a [conference] panel talking about best practices tomorrow.


It would be more standards-compliant if you did this instead of that. How many times have people outside your projects reminded you of requirements you must meet? Those are the people who really make me anxious. A lot of these requirements translate to You should spend a lot of your money and your time and your energy doing something that will be of no value to you, but that might someday be useful to me or to someone I can imagine.
 

Or worse, in my opinion: You should spend a lot of your money and make everything you are doing harder so that if, in the future I, or someone like me, wants to re-use your content, it will be easy for us. Often the people who are helpfully pushing you toward standards or best practices or shared recommendations are not only not involved in funding your project, their goals are not your primary mission, or, for that matter your secondary, or tertiary, or quaternary mission. They are sidetracking you. And in many cases they don’t even know it.
 

These self-styled standards evangelists are of good will. They think it would be really wonderful if everyone could just get along, and if everyone could just share all of their information. And, of course, they are right; it would be really wonderful. But that doesn’t make sharing information, especially with unknown future users with unspecified and unknowable requirements, the primary goal for each and every information project. In fact, I would venture to say that it is not the primary goal of any funded project that has the money to create a substantial body of marked up documents. (It may be the primary goal of projects or activities to enhance information sharing, but those projects rarely (never?) have the funding to prepare the documents. They assume that they will write guidelines and others will use those guidelines.)


The projects and activities that actually seem to have the money to mark up a substantial body of documents generally have as their missions things like: Create print and electronic publications that follow our house style for display, are searchable using our organization’s favorite search engine, and that will help make the next update easier and cheaper than the last one was. It is possible that the mission also includes being a basis for creation of unknown future electronic publications and possible mix-n-match print. But there’s usually a use scenario and a user scenario in mind at the point when the funding is available to do the work. I think we need to stop forgetting that.
  
    
    

    Know Your Goals and Stick to Them

    When you start a project — practically any project — there are some basic management tasks that we all ought to do. These tasks help us stay on track by making the track explicit, to ourselves and others. In addition, they allow us to know what we are not trying to do, so we can focus on what we are trying to do.
 


	Identify the stakeholders. That is, who are you doing this for? Be specific. You are not creating a document collection for all future humans, or at least I doubt that you are. Your stakeholders are more likely to include the people who will read, use, or buy your electronic product (are they students, teachers, railroad switch engineers, managers of non-profit associations, art historians, or … some other group), and the people funding your project, and the managers of your organization, and the printer with whom you have a contract.



	Identify your project goals. What do you have to do to be a success? Project goals are probably a mixture of technical, educational, financial, scheduling, and budgetary.

 

	Identify your non-goals. That is, things that perhaps somebody else might want to do and therefore assume that you are setting out to do, but that you are not doing. It is my opinion that explicitly recording your non-goals is the best safety measure you can take in starting any funded project. I didn’t forget to make a Spanish translation of this content. That wasn’t a goal of my project. I didn’t forget to make an RDF-access tool for my data; that’s not what I was doing.



	Prioritize your project goals. If you prioritize your project goals into high, medium, and low, and all your project goals end up as high, prioritize again. Everything can’t be top priority. It’s not possible. If you’ve done that, what you’ve done is — I don’t want to say, lied to yourself — you just haven’t done the hard work of figuring out what is the most important thing and what are secondary things. Now, you can say, Here’s a list of eight things that my project has to do. All of them must be done for me to be a success. But that doesn’t mean that all of them have to be the most important thing because all of them can’t be. Your project goals may be a mixture of technical goals, educational goals, financial goals, scheduling goals, and budget goals. Without explicit goals you can't know if you are getting where you want to go, and you are wandering about witout your primary weapon against being forever sidetracked before you accomplish anything.



  

At that point, I think you probably also want to start thinking about a distinction I talk about a lot when 
    we’re talking about document modeling:  what is true versus what is useful. When you start looking at a set of
    documents, you can find a lot of things that are true about them and that you could identify and spend an awful 
    lot of money on. The question is how many of those things are useful. It would be possible, for example, when 
    marking up business documents for a subject retrieval system to identify the parts of the document on your 
    subject taxonomy and to identify the documents themselves and the chapters of them and the sections of them and 
    the paragraphs and the sentences and the words and what was the language of origin of each of the verbs in each 
    of the sentences. Is this likely to be useful? Is it conceivable that there might be somebody someplace who would 
    find that useful? Yes. If your goal is to make a corporate procedure library easily available to the telephone 
    help desk, is it likely that knowing which word is a verb is going to be helpful? Probably 
    not. So, if you’re supporting a telephone help desk, maybe you don’t need to get into the linguistic analysis of the sentences. That’s what I’m talking about:  about not supplying, not spending money to 
    do something that it is possible that some unknown future person might want. Stick to what you’re supposed 
    to be doing. There may be a text markup standard that specifies how to mark the parts of speech of each word in documents and their language of origins. If there is, and knowing or manipulating this information is related to 
    one of your project goals, then and only then, is that standard relevant to your project.


I think in this talk I should also talk about good versus useful. It may be good to know — I’m trying to think of a good example about these same help desk documents — how many times it’s been used, who read it, and what language it was originally written in (if you’re in a multi-lingual environment). There may be a whole lot of other things that it might be cool to know but that are irrelevant to the users and the uses of this data. Maybe you don’t need to keep track of that. Even if there is a document describing standard markup for tracking such information.
 

    

 
     Peer Pressure in Academia

     Some of you are probably thinking that maybe this is true in the business environment, but not in the academic world. Right? I mean, we know that in the academic world being a good team player is the route to gaining respect, admiration, and support, right? Or at least that’s what people say. (It doesn’t actually look like that sometimes, but that’s what they say.)


So, when we get our hands on a new set of data in the academic environment, we should work with the expectation that we’re going to share it with others, right? That’s what data is for.


Let’s imagine a scenario. We have an eager, young cultural anthropologist — I like cultural anthropologists because they seem to be interested in everything — and he wanders into a little library in a farming town in the middle of who-cares-what-country (it doesn’t matter). Some little town somewhere. Little tiny town library. And he discovers literally hundreds of diaries of the farmers and the townspeople for the last 150 years. It’s a treasure trove. Wow! What a find! It just made his career, right? He’s going to study these, he’s going to publish about them, he’s got it. 


The town is losing population fast, the library is underfunded, its roof is leaking, and the diaries may be destroyed by water and mold the next time there’s a big summer storm. But the librarian says, You can’t have my diaries. You can take pictures of them, but you can’t have them. What does our young researcher go out and do? He needs a grant, so he needs to write a proposal. He can’t just go home to the university and say I found some cool data. Give me some money. So, he starts planning. He’s going to have to scan them; he’s going to have to clean up the pages; he’s going to have to transcribe them, analyze them, and start publishing about all the things he’s learned about the history of this farming community and the history of farmers and all these wonderful things.
 

How to transcribe it? Well, his professors when he was in school got their source materials and sat down at typewriters and transcribed them into typescript. That’s probably not the — it’s probably going to be 2010 before he gets his money — 2010 way to do it. Among other things, he knows he’s going to want to put bits of these on the web with his analysis of them, besides which, he wants to do sophisticated searching of his documents.
  

[Aside:] How many of you have had users who said they wanted to do sophisticated searching? How many of you think they knew what they were talking about? I have an opinion. I know what sophisticated searching means. Sophisticated searching means you can show it off at a cocktail party, and people will say, Cool. When a user says Sophisticated searching, and then you say, Give me ten examples of searches you want to do, and they can’t give you any, what they want is a wow. That’s what our mythical cultural anthropologist wants: a wow.


He’s going to want to flag the things he finds most interesting in these documents:  crops, harvests, the weather, the health of the people, the names of the people, the names of places, the stuff that he’s going to be wanting to find amongst this data set so he can do his analysis. Now, this is going to be a little tricky, but fortunately our young cultural anthropologist is an expert on HTML. How did he get to be an expert on HTML? He has a 64-page book about it, and he read it. Well, he looked at it. Well, he has it, anyway. So, he’s an expert. He knows how to do this. He’s going to have an army of students read the copies of the pages of these diaries and transcribe them into HTML which is pretty easy, and he can afford a whole lot more copies of the 64-page book so he can teach them, too. This is going to be easy. 


He thinks about the information he really cares about in these documents, and how to flag it so he can find it and analyze it later; he read about it in his HTML book. There’s this, there’s this, there’s this — there’s a way to say that something is about a class — he can add class attributes to stuff so he’s going to be able to find the stuff about the crops and the weather and the people’s health. He’s got it all figured out. He’s got his budget, he’s got his proposal ready to submit to his funding agency, he’s telling his friends about it, and a colleague with several years of experience in creating collections of historical documents says, Nah, nah, nah. You don’t want to do this HTML stuff. The difference between HTML and XML is that in XML you can make up your own tags. XML is make-up-your-own-tag-HTML. And it’s going to be much easier for you to use XML than HTML because you don’t have to say <span class="crop"> to mark your crops; you can have a tag called <crop> and just surround it. It’s much easier, and you’re going to be much happier. So, at the last minute he makes a change:  He’s not going to mark the data up in HTML; he’s going to mark it up in XML.
  

He sends in his grant proposal, chews on his fingers for a few months, and gets funded. Cool. Two years’ of funding — it’s time to get started. He celebrates, he hires an army of students, and he starts getting organized. Wait, wait, says another member of his departmental coffee-klatch, How are you going to identify your documents? What do you mean, how am I going to identify my documents? We’re going to put in the file name, we’re going to have the name of the person who wrote the diary in which volume it is and which page it is, and we’re going to transcribe it. What’s the big deal? You never heard of Dublin Core? What’s the matter with you? How anti-social are you? You have to use the standard. Oh. I don’t know anything about it. Well, you better learn ’cause it’s the right way to do it.


Okay. So he goes and reads up on Dublin Core. And actually that doesn’t look so hard; he agrees to make little Dublin Core headers.
 

He sends the teams out to go and scan the documents, and he starts marking up his little XML documents that have HTML tags for all the sort of normal things like paragraphs, and he makes up tags for the things like weather and crops that HTML doesn’t have a tag for. This should work, because, after all, XML is add-a-tag-HTML. And he’s chatting about his cool new project at a conference, when a well-respected expert on documentary projects says: Wait, wait. You can’t do that. What do you mean I can’t do that? The sample document I have been working on looks OK to me, and I’m in the middle of writing guidelines so we can do this consistently. Look, he says, I have a <p> tag around my paragraphs, and I have <crop> tags around each mention of a crop. <crop> seems much easier to deal with than <span class="crop">.
 

But, the expert says, XML is more complicated than that. Go and get an XML book. So he takes himself off to the little local library to look for the 64-page book all about XML, and there aren’t any. There are books — way more than 64 books — none of them are as short as 64 pages.  (This XML stuff is complicated! Did you know they have conferences about XML? There’s enough that you can have a conference?? It’s ridiculous.) 


So, he comes back, and he starts talking to his friends and saying, Okay, which of these books do I buy? And do I really have to read all of it? These books are big. No, you don’t have to buy a book about XML, and you don’t have to read one. You just have to go and read about the Text Encoding Initiative because that is the one and only right way to tag your scholarly XML documents so other scholars can use them. Does everybody else have to use them? Yes. How anti-social are you going to be? You’ve got to use this standard.


So, okay, he’s going to go and read about the Text Encoding Initiative. Do you know how big that sucker is? [Laughter.]  You know, they don’t have a 64-page book about it either. So, he settles down, and he does some reading, and then he takes a class, and he goes to a workshop, and  gets a consultant in to help him cut the TEI tag set  down to something that is merely daunting. And his budget is flying out the window.
  

So, he does this, he does that, and he’s finally got himself a subset of the TEI with Dublin Core metadata because how can you not do that, and he’s got some sample documents he can show to his student-workers, and he’s got a few scanned pages that he can mark up, and he starts marking them up. And now, instead of HTML’s <span class="crop"> or the XML he made up for himself <crop>, he has the infinitely better <rs type="crop"> (making the word corn into a referencing string of type crop). Well, that’s an improvement, isn’t it.
 

And what does our young researcher want to do now? He wants to look at his sample tagged documents. That is, he wants to do what he set out to do in the first place which is to be able to look at his text on the screen with the crops in yellow and the weather in blue. And he finds that he can’t do it with off-the-shelf tools. (Not even the tools promulgated by the TEI), He has to find a programmer to write some code to render his documents readable and searchable, so he can start doing his analysis. So, he finds somebody who knows some Perl to do this for him.
 

Wait, wait, wait, wait, says the standards do-gooder, You’re going to write some throw-away Perl to do that. You can’t do that. That’s anti-social. Respectable people don’t do throw-away Perl. We do XSLT. Well-documented and properly parameterized so that when somebody wants to go and re-use it, they don’t have it tied to your tags and your subjects; they can plug theirs in and their colors. And, all of a sudden, we’re not talking about an afternoon of work anymore, are we? So, he gets somebody to write this thing and document it.
 

And now he’s out of money. He now needs to go back to his funding agency and say, You gave me the money to be able to get the first of these things up, searched, and analyzed, but I was busy being socially helpful. And I have learned a bunch of tag sets, I have learned a bunch of specs, I have had some code written that can be re-used, and I have no documents and no analyses to show for it. Can I have some more money?
 

How does that story sound to you? [Answer from audience: Typical,  to which Tommie responds, Yeah, but is it a good idea?] And how likely is our young researcher to get more money with so little to show for the funds he already spent? Even if this is par for the course, how much easier would it be for him to get additional money if he did have something to show for his previous funding?
 

 
 
     Inappropriate Standards Application in the Commercial World

 So, does this only happen in the academic world? Not a chance.
 
 We don’t have time to go into details on this one, so I will simply tell you that I know of a very, very large commercial publisher who has a database intended to be the font from which vast riches, in the form of re-used content, will flow. All content published after the start date for the re-use project must be either produced in or converted to the XML format for this database and the content stored in the database. Then, editors or marketers looking for existing material they can incorporate in new products can simply search this database, find the bits they want to re-use, copy them out, and combine them with other resources from the database to make new targeted products. This means that the budget for every single publication needs to include making this XML, either from the XML they may need to produce the product-specific electronic product they are going to sell or from the typesetting files used to create their print publication. Now, for some of their content this makes sense; they have a lot of text books and reference books on the same subject matter, and specialty volumes can often be created by combining the portions of several text books and sections of reference volumes that address a specialized topic. However, there are publications that everyone knows cannot be so re-purposed, and they must participate anyway. Because it is a corporate standard, and for no other reason.
 


 
    
        Underspecification Hurts, Too

The folks at Mulberry recently wrote a tag set — actually, we revised a public tag set, customized it — for a publisher who wanted to move from their old SGML-based document model to a new XML-based one. They said that they wanted this new model to last as long and be as flexible as the model it was replacing, which had been in use for over 20 years. They wanted a really good model of their documents; highly semantic, rich enough to support typesetting as they typeset now (meaning they needed to be able to override the formatting manually in many places), vendor and technology neutral, and adopting all of the appropriate standards. Oh, yeah. And they wanted it to be as compatible as possible with their existing model for a related type of materials. By that they meant that paragraphs should have the same tag, and sections should be recursive, as they were in the other documents. You know, stuff like that. Use the same list and table tagging. We sat with them for quite a while, learning about their documents, their plans for the future of their documents, the functionality they could imagine supporting in future electronic versions of their documents, the variations in their documents historically, and even how they might want to market their documents, and thus what information their marketing people might want from the documents to support marketing. 

        
        We built them a beautiful document model, if I say so myself. It met all of the functional requirements we discussed, and it was graceful. We sent them a draft, with draft user documentation and some guideline on how to evaluate it. And the day after they received it, we got a phone call saying, We love it. Okay, how do you love it so quickly? We love it because we just slid it into the editing application we’re using for our other documents, and it works really well. 

        
        At that moment I should have said, Oh, @$&#*, we’re in trouble. But I didn’t, because I was busy being happy that my client was happy. I hadn’t realized at that point that using their old editing application was not one of the functional requirements, and they loved it for doing something they’d never said they wanted it to do. I would have been right if I had started to worry then. Three or four days later I got email from the project manager — who knows the organization, and the documents, and their end users, but is as technical as my left shoe. This email said essentially It’s a really nice tag set, but there are a few things in it that you should modify for current best practice. Now, I expected and wanted a set of comments and suggestions, but these suggestions were really odd. They were phrased as Most people now … or It is best practice to … or You need XYZ in order to be able to do ABC with your documents. Now most people and best practice are pretty soft, so I let them go, and started with the You need XYZ in order to ABC. The email suggested that since there were elements in common in the metadata for the documents and in citations (that is, the document would have a title, an author, a publication date) and the documents cited in the document might have titles, authors, and publication dates), we should put all of the citation-related content into its own namespace. Grrr, I said, at least to myself. That may be convenient for this particular application, but it is a really revolting thing to do in general. It is a sneaky underhanded way to make the names of the same information in different contexts different, and in a way that may surprise future users. You can simply look up the tree to see what the context is of that author, or title, or … Sigh. And it is best practice continued this email, to have not only tagged in your data all of the parts of the names of the people, but also to store the full display name, including all punctuation. And it is best practice to store in addition to the titles and all of the subtitles of which there may be none or multiples, a combined title which is, for example, the display title. Since when is it best practice to do this? Best practice according to whom? It does not seem to me to be best practice, or even good practice to store the same content twice, nor does it seem like even acceptable practice to store computable data in the same XML file as the source from which it could be computed.
 

So I pushed back a little, and I discovered that they not only had selected a database in which this stuff was going to reside, they had already customized the database product and written the searches, before bringing us in to design the tag set. And they needed a tag set that was going to work with this database product in this particular database with these already canned searches. So now I know what best practice means in this environment. Best practice means works in the database they already have. This also tells me what most people now means; it means that since I have been working pushing a product that requires this, most of the applications I see do it that way. 


I suggested that they create two XML formats: one generic format, in which information was stored only once (instead of, for example, as the parts of each name as fine granules and as combined names for sorting), and in which context was used to identify what sort of date, author, heading, etc. each was. And then a second format, which could be automatically created from the first, which was optimized for their database. This would allow them to create, quality control, and manage for the long term documents that were smaller and cleaner, in that they didn’t contain duplicate content. They rejected this suggestion; they didn’t want the complication, and they had apparently been assured by their database vendor that the database was XML, so they would have all of the advantages of XML when they used this database.
 

They were quite disappointed in the design we sent them. And they were right to be disappointed; it didn’t meet their real requirement. What did the really want? Well, they had just made a major investment in a tool and were spending a small fortune building a system around that tool. They needed a mode for their XML that would work gracefully with that tool. That was their top priority, and the model we had designed was not optimized for the tool. We had not met their real needs.
 

How did this happen? I think it happened because they have heard what XML is good for, and they thought, Good was good. If they told us that they wanted a model that was good, it would work in their good tool. Good XML is vendor neutral. Good XML uses all appropriate standards. Good XML enables as much semantic tagging as possible. They thought that if they wanted all of those good things they would end up with good XML, and that would work well in their new good tool.
 

They needed a model that would support the tool in which they had made a major investment. This tool and the application built on top of it would make or break their business. That, actually, was their top priority. And in a half-day discussing their functional requirements and several days discussing the details of their model, they never mentioned it. Because they assumed that a good XML model would be good for their chosen tool.
 

So, we modified the model to accommodate the tool. Did we compromise our principles? I don’t think so. Is the model they are using less elegant than the draft we sent them? Yes. It has some unnecessary namespaces, for example. Why? Because either the tool or the application designer (I don’t know which, and it doesn’t really matter) can’t cope with context. They want (need?) to have a different namespace for <author> in <citation> than for <author> in the document metadata. From a strictly XML design point of view, this is silly; any application can know what the context of that <author> is. However, it does no harm in the long run; all the information we modeled is still there, and if they switch to a different application that doesn’t need these namespaces, and perhaps that doesn’t want to deal with all these namespaces they can remove them. The context is still there, after all. Similarly, the XML files contain some things that are completely derived from other things in the file: Those same author names are not only stored as first name, middle initial, and surname, they are also stored in the XML file as display name, meaning all the parts of the name, in one element, with spaces as needed. Is this harmful? No, it’s clutter. (Well, it isn’n harmful unless/until they someone updates one but not the other copy of the same information @mdash; that’s the danger of storing information twice in any format).  But apparently either the tool or the application finds it unacceptable or inefficient to concatenate the parts of the name and spaces on display. This sets my teeth on edge; it shouldn’t be in the long-term storage XML file; they are paying conversion vendors to create the same data twice (or, preferably, to put it the programmatically and charge them as if they had created it twice). Worse, they are going to ask their editors to create the same data twice, and are either going to add a validation step to ensure that the data is the same or deal with the inconsistencies that storing the same data twice creates. (If you need to store information like that in your database …) But if having it pre-assembled really makes the database or the application more efficient, or even if it simply caters to the limitations of the application developer, then it needs to be there.
 

The Mulberry pig got passed around a few times during the process, but now everybody is happy. Do you know about the Mulberry pig? We have a trophy at Mulberry; it’s got a big, fancy, gold color base and a big pseudo-malachite column and a little gold color pig on the top. When you grump creatively or excessively, especially about a project or client, the pig it sits on your desk until the next person earns it. Well, the pig passed around quite a bit for a few weeks.
  
    

Conclusion


I don’t want to tell you not to use standards. I don’t want to tell you that standards are bad. I don’t want to tell you to ignore advice given to you by your friends and colleagues. I think I want to suggest that you treat suggestions to use a standard the way I treat solicitations from charities.
 

My guess is that I get an average of ten solicitations from charitable organizations a week. Some of them are from organizations promoting a position I find abhorrent, and these are easy to deal with: into the recycle bin they go! Most of them are from organizations doing work or promoting causes with which I have some sympathy. (There are no diseases for which I think a cure would be a bad thing.) And a few are solicitations for something that will be of immediate use to me as well as perhaps helping the world; for example membership in my local zoo not only supports the zoo, it gets me free parking at the zoo. Similarly, use of some XML application standards not only increases the chances that unplanned and unknown users will find your data useable, it may well enable you to interchange data with your business partners. 


There is no question about contributing to those charities for which I see immediate personal benefit; I send them money every year. As for the rest: I have a budget, and I try to help as many worthy causes as I can within that charitable contribution budget. I do not even try to donate to every worth cause that asks for money, nor do I even try to donate as much to any of them as they ask. I simply can’t.
 

I suggest that you might want to consider the various XML specifications, standards, and applications that vie for your time and money in the same way. Set a standards compliance budget and stay within it, both in terms of time and money. Of course, if there is an immediate win to your project from using a specific specification, use it. If there might be a benefit to the world in general, or to some unknown future users of you data if you add some metadata, or use an existing tag set, or some such, decide if this additional effort is within your charitable contributions budget.
 

So, as you participate in Balisage this year I charge you to consider the relevance of the various technologies, specifications, and applications you are hearing about. Learn as much as you can. Add as many tools to your toolbox as possible. Consider as many points of view as your mind can manage. And when you go home, remember than you don’t have to use your shiny new hammer on every task. Think carefully about which of the specifications and standards you know of should be used in what situation, and to what benefit.
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            Abstract
This paper presents a general purpose method (called XRM for
                XML References Management) to express knowledge about links common to a family of
                XML documents (a.k.a. a document type) and to exploit this knowledge in order to
                operate verifications, transformations or derivations of the corresponding XML
                instances. 
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        Introduction

         So far no specific method nor well suited technology exist to address XML link
            management related applications, although those are numerous and may require quite
            complex processing when using standard XML tools or programming languages. 

        We call link or reference any URL, URN, URI, IRI, XLink (see [URI]
            and [XLink]) be it relative or absolute that can be found in a given
            XML document instance, either under the form of an attribute or as a text node (once
            parsed, an XML document is composed of element nodes, attribute nodes or text nodes: see
                [XML] for a general description of XML standard). 

         The method and conceptual models we propose hereby allow concise and efficient XML
            descriptions of links that can be heavily reused, and enable adequate descriptions of
            main link-based operations required in XML processing environments, especially link
            relocation for packaging clusters of documents and associated resources, verification of
            link properties with respect to security, conformance to a predefined selection of HTTP
            servers, simplification and normalization of link representation inside a given XML
            instance, smooth redirection of database requests hidden inside the structure of links,
            to cite a few among the huge variety of relevant cases. 

         The knowledge about links is formalized into a specification language that 

                	
                    describes links location and typology inside a family of XML documents
                    

                

                	
                     tags these link descriptions in such a way that they can be further
                        designated and reused either individually or collectively. 

                

            
 The operations on XML instances use the link descriptions above in order
            to 

                	
                    verify the compliance of links according to the standards describing
                        properties that these links must satisfy (e.g. lexical and syntactic
                        structure),

                

                	
                    check the conformance to specific or general properties (e.g. URI must be
                        relative, or must match a given pattern),

                

                	
                    generate a list of all links contained in the instance (dependencies),
                        with related useful meta-information such as the path expression that
                        uniquely locate them inside the hierarchical structure and the type of link
                        (URI, IRI, XLink,…)

                

                	
                    rewrite some links into other links (reference relocation), depending on
                        matching patterns, side conditions of source document as well as side
                        conditions of referenced objects (links targets).

                

            

    
    
        Problem overview

         There are currently two different ways (inside XML standard) for identifying and
            designating items inside or outside a document. The first one is based on ID/IDREF
            mechanisms which only apply to intra-document references. The second one, more general,
            is based on URL (Uniform Resource Locator) that has been historically derived into
            several variants (e.g. URI, uniform resource identifiers; IRI, internationalized
            resource identifier; URN Uniform resource name), each having different intended use and
            slight lexical variations (see [URI,IRI]). 

         This research work, whose results are described hereby, focused on the second kind of
            references. According to the related standards, references have a syntactic structure
            that enables describing the protocol used for accessing resources over networks, the
            address of the server providing the resource, the path which uniquely designates the
            object to be accessed, and in some cases the fragment inside the document (i.e. a unique
            element identifier) and/or parameters. For instance the URL
                http://ds-1/example/dog.jpeg designates an object located on
            the “ds-1” server and accessible through the “http” protocol. This object is called
            “dog.jpeg” and the server is supposed to find it through the path “/example” before
            delivering it back to the caller that invoked the protocol. 

         Although the referential objects are precisely defined through their syntactic and
            semantic structure, we have poor information about the context in which they are used
            and where they are located inside a given document. In the best case, an XML instance is
            compliant with an XML schema, e.g. XHTML, and thus we hopefully know where one can find
            such a reference, e.g. inside any img element, and more precisely,
            inside the value of its href attribute. Note that the semantics of
            the reference is implicitly defined by the informal description of the HTML standard (it
            points to an image; it must be fetched through the URL and incorporated into the visual
            representation of the containing document). 

         However, many specific transformation operations can be envisioned which are quite
            focused on these referential objects, and no methods or tools are proposed today to
            simplify these operations and to make them more reliable and easier to specify. Among
            others, one can mention : 

                	
                    link relocation, which consists in changing the
                        external environment of a given instance (for instance, changing absolute
                        reference to an external server into a pointer on a local cache where the
                        target resources are stored )

                

                	
                    document and resource packaging, which consists for
                        instance in building an archive containing all dependent resources under a
                        suitable directory structure

                

                	
                    selective link stabilization ; this operation allows
                        one to substitute some references by others pointing to the same resources,
                        but via a storage system that guaranties the long term stability of the
                        access

                

                	
                    static xml:base attribute processing ; this operation
                        aims at interpreting the xml:base attribute according to the W3C standard
                            [XBase], but as a standalone operation (usually, this
                        process is done – or just ignored…- inside the applications)

                

                	
                    static XInclude resolution ; similar remark than
                        above

                

            

        Our contribution can be understood as a way to express link specific schemas,
            validations and transformations. It is orthogonal (and complementary) to general purpose
            schemas.

    
    
        State of the Art

        
            XCatalog

            XCatalog [XCalatog,XCataEx] is an XML standard
                which allows describing link resolving mechanisms. More precisely, the links are
                categorized into references to XML entities, DTD and XML schema resolution (W3C
                schemas only) on the one hand, and general URI that are defined as strings that must
                match a given prefix on the other hand. 

             The first category is focused on link resolution, an operational concept that
                concerns only programmatic toolkits and software libraries that are in charge of
                retrieving the content of pointed objects (so called
                resolvers). It means that the only underlying semantics is
                predefined as “fetch the pointed resource when needed, the way I specify”, and this
                behavior must be implemented by the XCatalog aware processor (typically, XML
                parsers). A strange point is that the XML catalog specification defines "what" and
                "how", but not "when". In other words, the semantics of links is presupposed, and
                indeed strongly related to the XML validation that is accomplished after parsing. 

             The other link category is quite general, but only defined through the concept of
                “exact prefix matching”. Nothing is said about the location of links and a fortiori
                about their context. 

             Thus there is a deep conceptual difference between our proposal and XCatalog: the
                latter is focused on resolving links, where links are recognized through their
                content, whereas our proposal is based upon a methodology which makes explicit the
                description of links through their localization in the document structure. These
                descriptions can be used for specifying various link oriented validation and
                transformation operations. 

        
        
            XLink

             XLink [XLink] is a standard that describes a vocabulary and
                syntax for specifying generic links inside XML documents. This standard relies in a
                rich model allowing among others the specification of hyper-graphs, that is, graphs
                based on a generalized notion of arcs possibly binding several sources to several
                targets. XLink is based upon URI mechanism and namespace modularity. 

             It is not comparable with our approach, as it is a way to express links whereas
                our method is a way to express properties of links and the related validation or
                transformation operations that can be derived from these properties. As a
                consequence, XLink objects are specific targets of the description mechanisms we
                propose, so as with XInclude, XPointer and other generic linking objects (URI,
                IRI,...) (see The link descriptors) 

        
    
    
        Approach Principle

        In order to express high level properties over links and their localization inside
            instances, one needs a specialized language and dedicated abstractions. Moreover, in
            order to consider the link normalization phenomenon, we also need an execution model.
            Once captured in an adapted format, the link descriptions we propose in this paper might
            be reusable for specifying almost any XML link-related operations. 

        Our method relies on a specification method, a specialized matching language and an
            execution model.

        
            Specification

             From the specification point of view, our vocabulary allows one to 

                    	
                        express link features by means of three separate sections:

                        
                            	
                                the link typology and localization (links description), thanks
                                    to an appropriate sublanguage, typically but not exclusively,
                                    XPath [XPath]

                            

                            	
                                the link’s expected properties (validation description)

                                This part expresses properties that (groups of) links have to
                                    satisfy inside a given XML instance in order to be considered as
                                    valid,

                            

                            	
                                the link transformation rules (link translation description) :

                                
                                    	
                                        transposition (selected links are eventually
                                            normalized, matched against some pattern and
                                        rewritten)

                                    

                                    	
                                        dependency extraction rules (dependency
                                        description)

                                    

                                

                            

                        

                    

                    	
                        identify, group and designate link descriptions

                        This one allows the user to attach one or several tags to link
                            descriptors, and offers a mechanism for factorizing the tag assignation.
                            Tags are simple labels intended to abstract over the semantics of links
                            and to memorize them easily.

                    

                

             The idea of points it1 and it2 above is to
                express bindings between the descriptive section and the other sections through a
                convenient designation mechanism. Hence there is little overhead, and the method
                enables reusing link descriptions in various applicative contexts. 

        
        
            Matching language

            The specialized matching language is designed in order to optimize the ratio
                expressive power versus complexity; in other words, it simplifies the task of
                expressing the structural properties of links, the (pre/post) processing and
                transformation of links; by offering the right abstractions, and by relying on the
                inherent lexical/syntactical structure of links, it avoids the burden of mastering
                general regular expression languages, tricky and error prone for a non-specialist.
                Details on this aspect of our contribution can be found in The pattern matching language

        
        
            Execution model

            From the execution model point of view, our approach allows one to 

            
                	
                    use the link validation description either via an interpreter or via a
                        compiler to operate the verification on any instance expected to comply with
                        the description; the verification may output an error report including the
                        faulty links, their location in the document and an indicative error message
                        or any other relevant information ;

                

                	
                    use the link translation descriptions either via a direct interpretation
                        or via a compilation/execution scheme to operate the modification of links
                        and possibly generate a new document instance in which relevant links have
                        been modified according to the transcription rules (but without any other
                        structural changes); this operation may output a log report indicating which
                        links have been processed and any other relevant information ;

                

                	
                    use the dependency extraction rules either via an interpreter or via a
                        compiler to produce a list of all dependencies, i.e. all resources the given
                        instance is sensitive to, as estimated by the designer who specified the
                        dependency rules (Order may be significant, if specified so).

                

            

            Details of significant steps behind applying XRM to some target XML instances can
                be found in appendix Verification and execution of XRM specifications (principles)

        
    
    
        The approach in more detail

        
            Link Description

            
                Overview

                Links are described in a dedicated XRM element called “links” associated with information

                        	
                             indicating a unique logical name for this section, which will be
                                used for designing it without ambiguity 

                        

                        	
                             specifying the namespace of the target document, if any (see
                                    [wikipedia-NS] for a description of
                                namespaces) 

                        

                        	
                             providing the URL of one or several schemas to which the target
                                document is expected to comply with (optional) 

                        

                        	
                             listing all tags used to annotate the link descriptions; this
                                list is optional, but if provided, it defines exactly and
                                exhaustively the authorized tags. Tags are names with any relevant
                                lexical structure, as commonly found in the art. 

                        

                    

                Inside the section, the designer of the description can input as many
                    descriptors, possibly embedded in grouping subsections. These subsections are
                    decorated with a tag list; the meaning of this grouping subsection is that all
                    embedded descriptions will be automatically assigned the associated tags. It is
                    thus a way to simplify the specification of descriptors (see example Figure 1, “a link description for XHTML”). 

            
            
                The link descriptors

                The descriptors themselves are specified through one of the following keywords
                    :

                
                    	
                        URL stands for Uniform Resource Locator (see
                                [URI]) and is commonly used to give information on
                            where a resource is located, understanding that the implicit action is
                            to fetch this resource in order to incorporate it inside the document
                            (e.g. an image, a sub-part) or to interpret it with respect to the
                            current document (e.g. a script)

                    

                    	
                        URN stands for Uniform Resource Name and aims at
                            naming resources in a worldwide unique and temporally stable way. Thus
                            no specific action or usage is associated with them, they are just used
                            to designate things (e.g. in PUBLIC field of DTDs); however, they often
                            have a specific lexical structure, mainly a “urn” scheme and ‘:’
                            separated sequence of characters (e.g. urn:example:animal:ferret:nose
                        )

                    

                    	
                        URI stands for Uniform Resource Identifier
                                ([URI]) and commonly used to identify a resource
                            in a broader way. The RFC 3986 from IETF explicitly says: 

                                
                                     […] A Uniform Resource Identifier (URI) is a compact
                                        sequence of characters that identifies an abstract or
                                        physical resource. […] 
                                

                                
                            RFC 3986 from IETF
 This excerpt insists on the potential abstract nature of
                            the pointed resource. In the sequel, the abstraction hierarchy and
                            relationship between URL, URN and URI is clearly described: 

                                
                                     […] URI can be further classified as a locator, a name,
                                        or both. The term "Uniform Resource Locator" (URL) refers to
                                        the subset of URIs that, in addition to identifying a
                                        resource, provide a means of locating the resource by
                                        describing its primary access mechanism (e.g., its network
                                        "location"). The term "Uniform Resource Name" (URN) has been
                                        used historically to refer to both URIs under the "urn"
                                        scheme [RFC2141], which are required to remain globally
                                        unique and persistent even when the resource ceases to exist
                                        or becomes unavailable, and to any other URI with the
                                        properties of a name. […] 
                                

                                
                            idem

                         From the lexical point of view, a URI must only use UCS (Universal
                            Character Set) code points; these code points must be converted to bytes
                            through the UTF-8 encoding, but when the character doesn’t belong to the
                            unreserved subset, it must be escaped using a “%HH” pattern before
                            encoding (full details in [URI]). 

                    

                    	
                        IRI stands for Internationalized Resource
                            Identifier (see [IRI]) and has the same meaning and
                            syntactic structure than URI, but a more abstract lexical structure. An
                            IRI uses hence an extended character set supporting foreign languages
                            (foreign should be understood here as non-English), including
                            right-to-left writing languages such as Arabic. The specification
                            describes the translation algorithm that transforms an IRI into an URI
                            (thus allowing physical access if required) through a character
                            normalization phase followed by an escaping mechanism based on %HH
                            patterns (H stands for any hexadecimal letter taken from the 0-9A-F
                            alphabet).

                    

                    	
                        HREF refers to “Hyper-references” defined in the
                            HTML vocabulary among others. Those links have a specific encoding
                            policy, using a similar escaping mechanism than URI, but with stricter
                            character set (namely, ASCII)

                    

                    	
                        XInclude refers not only to the link associated
                            with it, but to the whole node. This element is meant to express
                            document inclusion, a not so simple mechanism whose semantics is
                            precisely specified in [XInclude] and makes use of a
                            predefined attribute “href” containing a specifically encoded URI
                            according to section 4.2.2 of the XML 1.1 specification [xml-1.1]: 

                                
                                     […] System identifiers (and other XML strings meant to
                                        be used as URI references) MAY contain characters that,
                                        according to [IETF RFC 2396] and [IETF RFC 2732], must be
                                        escaped before a URI can be used to retrieve the referenced
                                        resource. The characters to be escaped are the control
                                        characters #x0 to #x1F and #x7F (most of which cannot appear
                                        in XML), space #x20, the delimiters '<' #x3C,
                                        '>' #x3E and '"' #x22, the unwise characters '{'
                                        #x7B, '}' #x7D, '|' #x7C, '\' #x5C, '^' #x5E and '`' #x60,
                                        as well as all characters above #x7F. Since escaping is not
                                        always a fully reversible process, it MUST be performed only
                                        when absolutely necessary and as late as possible in a
                                        processing chain. In particular, neither the process of
                                        converting a relative URI to an absolute one nor the process
                                        of passing a URI reference to a process or software
                                        component responsible for dereferencing it SHOULD trigger
                                        escaping. When escaping does occur, it MUST be performed as
                                        follows: 1. Each character to be escaped is represented in
                                        UTF-8 [Unicode] as one or more bytes. 2. The resulting bytes
                                        are escaped with the URI escaping mechanism (that is,
                                        converted to %HH, where HH is the hexadecimal notation of
                                        the byte value). 3. The original character is replaced by
                                        the resulting character sequence. […] 
                                

                                
                            World Wide Web Consortium

                    

                    	
                        XLink as for XInclude, refers to a node supposed
                            to contain XLink related attributes (see [XLink]); the
                            specific href attribute from the XLink namespace is an URI. The general
                            semantics constraints of XLink are captured by this descriptor.

                    

                    	
                        XPointer describes a very rich mechanism (see
                                [XPtr-scheme, XPtr-frame]),
                            based on URI and possibly using various selection languages (so-called
                                schemes), one of them, most notably, extending
                            XPath in order to designate one or several fragments of an XML document
                            tree including segments in text nodes.

                    

                

                 Each such descriptor is associated with a locator, that is, an expression of
                    a node selection language that defines where the link should be located in the
                    document instances under consideration. Note that these XPath may use various
                    namespaces, provided they are consistently declared thanks to a special element
                    called ns (the same mechanism is used inside Schematron
                    specifications [Schematron])

                 The Figure below illustrates how our method can be used to describe links in
                    any XHTML compliant document [1]. 

                
                        
<links id="xhtml-1.0"  ns="http://www.w3.org/1999/xhtml">
<!-- XHTML 1.0 -->

<tags>image-locator source-locator code-locator
            header links descriptor citation doc-base</tags>

<group tag="header" locator="/html/head">
        <iri locator="/@profile"/>
    <iri tag="doc-base" locator="/base/@href" />
    <iri tag="links" locator="/link/@href"/>
    <uri tag="source-locator code-locator" locator="/script/@src"/>
</group>

<iri tag="descriptor" locator="//iframe/@longdesc"/>
<iri tag="source-locator" locator="//iframe/@src"/>
<iri tag="image-locator" locator="/body/@background"/>

<group tag="citation">
    <iri locator="//blockquote/@cite"/>
    <iri locator="//ins/@cite"/>
    <iri locator="//del/@cite"/>
    <iri locator="//q/@cite"/>
</group>

<group tag="references">
    <iri locator="//a/@href"/>
    <group locator="//object">
        <iri locator="/@classid"/>
        <iri  tag="code-locator" locator="/@codebase"/>
        <iri locator="/@data"/>
        <iri locator="/@archive" list="yes"/>
        <iri locator="/@usemap"/>
    </group>
    <iri tag="code-locator" locator="//applet/@codebase"/>
</group>

<group  locator="//img">
    <iri tag="image-locator" locator="/@src"/>
    <iri tag="descriptor" locator="/@longdesc"/>
    <iri locator="/@usemap"/>
</group>

<iri locator="//area/@href"/>
<iri locator="//form/@action"/>
<iri locator="//input/@src"/>
<iri locator="//input/@usemap"/>

</links>

                    

                    
                
Figure 1.a link description for XHTMLAn example of a generic link description for XHTML. The descriptors
                            can be further reused for other operations through a tag based
                            designation mechanism


            
        
        
            Link Validation

            The link verification is specified in a dedicated section called
                    validate which contains at least the reference on a link
                description section, as detailed above (this reference is an URL), which can be
                located inside or outside the document containing the validate
                section. If no other information is specified, all links should be checked with
                respect to the specified semantics. This means that when the verification is
                executed on a given target XML instance, the links are extracted thanks to the
                localization information and are examined in accordance with their type as detailed
                in the previous section. 

             Additional constraints can be provided through one or many “properties”
                subsections. 

             Each properties subsection applies to one or several link subsets designated
                through a list of one or several tags. Each tag may designate one or several links,
                depending on the link description section, as explained above. Each properties
                subsection is optionally identified through a unique identifier. 

            The properties are specified through one or several descriptors as listed
                hereafter:

            
                	
                    
                        scheme defines the expected scheme, e.g. “http”, “ftp”
                        or “mailto”

                

                	
                    
                        absolute expresses that an absolute link is expected
                        (the scheme and server location are provided)

                

                	
                    relative expresses that a relative link is expected
                        (the path, resource name and optionally the fragments are provided; the
                        scheme and server location are those of the base URI of the target instance,
                        as specified in [URI])

                

                	
                    
                        matches(p) expresses that the link content must match
                        the provided pattern p. This pattern is expressed according to the method
                        described later. 

                

                	
                    
                        path(p) expresses that the “path” part of the link (see
                        URI syntactic structure in [URI]) must match the given
                        pattern p. 

                

                	
                    
                        fragment(p) expresses that the “fragment” part of the
                        link (see [URI]) must match the given pattern p. 

                

                	
                    query(p) expresses that the “query” part of the link
                        (see [URI]) must match the given pattern p. 

                

                	
                    
                        target() expresses that the target reference is
                        available at the time of the verification; one of several sub-descriptor can
                        be specified, in order to make-it more precise: 

                    
                        	
                            
                                mime-type This is a standardized notation for
                                indicating the type of internet resources (see [15]) 

                        

                        	
                            
                                namespace(ns) (makes sense only if the
                                mime-type is text/xml or derived). 

                        

                        	
                            
                                condition(p) ; as for previous item, this
                                condition needs a parsable XML content ; requires checking if
                                conditions p holds (p is a XPath qualifier expression) 

                        

                    

                     Note that points rb and rc above
                        require solving the reference at verification time, and also possibly XML
                        decoding and/or parsing. 

                

            

            If no descriptor is specified, only standard verifications related to the nature
                of links are conducted. 

             An additional error message can be specified within each property descriptor,
                that will be used to report any property violation (e.g.
                matches(http://{*}:{*}/{*},”an explicit port number is expected”) will display the
                error message for non-matching link such as
                http://barnum/circus.jpg) 

            The following example illustrates the method when applied to an XHTML document 

            
                    
<validate link-description="../schemas/html.xrm.xml#xhtml-1.0">

  <property of="code-locator" xml:id="code1">
    <relative>references to code-related objects
               are expected to be relative</relative>
    <fragment> references on code location
    cannot point to document fragments </fragment>

    <matches normalize="yes"
                     pattern="http://bonobo:{*}/code/{*}"/>
  </property>

  <property of="image-locator">
   <relative/>
     <query>
     references to images cannot contain query
     </query>
    <matches pattern="http://bonobo:{*}/image/{*}"/>
 </property>

</validate>

                

                
            
Figure 2.A link validation specificationThis specification reuses the generic description of XHTML links as shown
                            Figure 1, “a link description for XHTML”
                    


        
        
            Link Transformation

             Link transformations are specified in a dedicated section called “rewrite” which
                comprises a header having the following attributes: 

                    	
                        link-description: the name of a link description
                            section, against which link tags will be interpreted (mandatory)

                    

                    	
                        normalize: take the value yes or no (defaults to
                            yes if omitted); if set to yes, the relevant normalization process will
                            be performed on all links before applying matching operation (the exact
                            nature of normalization operation depends upon the nature of link); if
                            set to no, the pattern matching operation will be applied on the
                            original link [2]; 

                    

                    	
                        resolving-base: optionally specifies an URI that
                            will be considered as the reference URI for solving relative link. It
                            supersedes the xml:base information, if present, or the static-base-uri
                            of the original document.

                    

                


            Beside header attributes, this section is composed of zero or many rewriting
                descriptors possibly embedded inside a base descriptor. Each base descriptor has
                    

                    	
                        an optional “location” attribute which expresses where an xml:base
                            attribute must be inserted inside the transformed document. When
                            omitted, the xml:base attribute is inserted into the root node (of
                            course, in any case, it is an inconsistency error if several base
                            descriptors are allocated to the same node).

                    

                    	
                        a “value” attribute which defines the content of the xml:base
                            attribute. This must be an absolute URL in accordance with the standard
                                [XBase]; if omitted, the static-base-uri is used.
                        

                    

                

             Each rewriting descriptor may have 

                    	
                        a tags attribute, which is a list of tag name
                            corresponding to the links to be selected as candidates (all link
                            descriptors are considered if the tags attribute is omitted) 

                    

                    	
                        a condition attribute, which optionally specifies
                            an additional condition to be checked before trying to apply the
                            rewriting (typically, an XPath expression)

                    

                    	
                        a from attribute, which optionally specifies a
                            pattern matching expression that must be successfully applied in order
                            to rewrite the link ; such pattern may define matching variables (see
                            the subsection 3.4 “Specification of Patterns” for the whole description
                            of the link pattern language).

                    

                    	
                        an into attribute, which optionally specifies a
                            new value for the link. This value may partially or totally reuse the
                            pattern variables defined inside the from pattern (see the subsection
                            3.4 “Specification of Patterns”) if any. 

                    

                

            In the case where a rewriting descriptor has no “from” and no “into” attribute, it
                may have one or more rewrite sub-descriptor, each of it having a pair of “from/into”
                attribute. The meaning of this list is that each rewriting is tried in order, until
                a matching “from” is found.

            Below is an example of link rewriting based on a two-rule sequence to be applied
                on any link tagged as "images" or "scripts"

            
                    
<rewrite
        link-description=”../schemas/html.xrm.xml#xhtml-1.0”
        tags=”images scripts” >
  <rewriting from=”{{*}}/{name}.jpg” into=”./images/JPEG/{name}.jpg”/>
  <rewriting from=”{{*}}/{name}.js” into=”./javascripts/{name}.js”/>
</rewrite>

                

             Note that after computing the rewritten link, and if the rewriting descriptor is
                embedded inside a base descriptor, the result is checked against the value of the
                base descriptor, and made relative if required. 

            
                    
<base location=”/html/body”>
  <rewrite
          link-description=”../schemas/html.xrm.xml#xhtml-1.0”
          tags=”images scripts” >
    <rewriting from=”{{A}}/{name}.jpg” into=”{{A}}/JPEG/{name}.jpg”/>
    <rewriting from=”{{A}}/{name}.js” into=”{{A}}/javascripts/{name}.js”/>
  </rewrite>
</base>

                

            The example above will, for instance, change the document below 

            
                    
<html >
  <body>
    <img href=”http://catworld:8080/friends/garfield.jpg” />
  </body>
</html>

                

            into

            
                    
<html >
  <body xml:base=”http://catworld:8080” >
    <img href=”JPEG/garfield.jpg” />
  </body>
</html>

            

            where the xml:base attribute attached to the body element has
                been extrapolated from the static-base-uri of the input document (because no more
                precise information was provided)

        
        
            Link Dependencies

            They are described using a similar mechanism than for link transformation, through
                a dedicated section “dependencies” having the following attributes:

            
                	
                    link-description: the name of a link description
                        section, against which link tags will be interpreted (mandatory)

                

                	
                    normalize-input: take the value yes or no (defaults
                        to yes if omitted); if set to yes, the relevant normalization process will
                        be performed on all links before testing operation (the exact nature of
                        normalization operation depends upon the nature of link); if set to no, all
                        tests will be applied on the original linknorma;

                

                	
                    normalize-output: take the value yes or no (defaults
                        to yes if omitted); if set to yes, the relevant normalization process will
                        be performed on all links before dumping the dependency (the exact nature of
                        normalization operation depends upon the nature of link); when set to no,
                        minimal transformation may nevertheless occurnorma. 

                

                	
                    resolving-base: optionally specifies an URI that will
                        be considered as the reference URI for solving relative link. It supersedes
                        the xml:base information, if present, or the static-base-uri of the original
                        document otherwise.

                

                	
                    sorting: takes one of the following values
                        {“document-order”, “content-order”, “tag-order”}, and expresses the method
                        used to order the link dependencies dumped into the dependency report. With
                        document-order, links are organized in the same order than found inside the
                        original input document. Using content-order, links are alphabetically
                        classified according to the lexical structure of the URL. The flag mode use
                        an alphabetical classification based on the tag name of the link, as defined
                        by the link description section. If omitted, the sorting attribute defaults
                        to “document-order”.

                

            

            Note that if no extract sub-descriptor is provided, all links
                found in the input document are dumped into the dependency report.

        
    

    
        Conclusion

         We have implemented most of the features described in this proposal through an XML
            syntax from which the examples above are extracted, which comes with a RelaxNG schema.
            An XSLT 2.0 stylesheet (interpreter/compiler front-end) analyzes the specifications and
            generates another XSLT 2.0 stylesheet for each of the three operations (link
            verification, link transformation and link dependencies) ; the link description section
            is only interpreted during the compilation phase in order to produce the adequate code.
            A dedicated, home-made XSLT 2.0 library defines common operations (such as pattern
            matching functions), and is reused by all stylesheets including the front-end analyzer.
            The compiled stylesheet can be dumped for later use, or directly executed through the
            on-the-fly invocation mechanism offered by the Open Source Saxonica Engine [Saxonica]. 

         Our experimental results demonstrate that the approach is realistic, useful and leads
            to realistic performance levels (no particular implementation issue raised). 

        Evaluation of the qualitative aspect of such a proposal is always a difficult issue,
            because strongly related to usability and far from being objective matter.

        From this point of view, we were happy to observe that the verbosity of specifications
            turned out to be nicely under control, mainly thanks to the clear conceptual separation
            between link descriptors and operations, and also because we designed well-targeted
            default parameters and behaviors. An other fruitful principle we tried to follow was
            trying to capture as much as possible common and simple operations into simple
            abstractions, and to scale up most complex operations toward adding attributes or
            embedding additional information inside the element content (e.g. a simple rewrite
            operation can use the "from" and "into" attributes whereas a more complex rewrite
            operation can be decomposed into a sublist of ordered rewriting rules to try
            sequentially)

        Regarding the expressive power, it turned out to be adequate for the cases we had to
            analyze. Of course, the difficult point is to extrapolate to cases we did not forecast.
            What we can say is that the methodology we have adopted allowed us to abstract over
            applications and to focus as much as possible on the functions associated with
            referential objects

        We now consider opening the technology and related tools to a larger technical
            community as a service accessible through a corporate web portal, and thus to understand
            if it triggers interest, and hopefully to understand in a deeper way the potential
            enhancements and evolutions we could envision.

    
    
        The pattern matching language

        The pattern matching language we propose hereafter is based on the “{” and “}”
            characters to serve as delimiters of pattern variables. Those characters have no precise
            meaning (see the URI specification [URI]) and do not belong to the
            standard alphabet or separator sets. Variables are named through using any identifier
            built from any alphabet excluding the braces and the star “*”. A label can only be used
            once in a given pattern. If a star is used instead of a name (e.g. “{*}”), it just means
            that the matching substring is not stored. Double braces mean that the longest matching
            substring is expected, whereas the shortest match is returned for single braces. 

         The table below illustrates the various pattern matching mechanisms:

        
            Table 1
                
                    	Pattern
                    	Value
                    	Result
                

            
            
                
                    	http://{server}:{*}/{*}.jpg
                    	http://barnum:80/circus/jumper.jpg
                    	Matches=yes ; server=”barnum” 
                

                
                    	http://barnum:80/circus/acrobats/juggler.jpg
                    	Matches=yes ; server=”barnum” 
                

                
                    	https://barnum:80/circus/jumper.jpg
                    	Matches=no 
                

                
                    	http://{server}/{{path}}/{object}
                    	http://barnum:80/circus/jumper.gif
                    	Matches=yes server=”barnum:80” path=”circus” object=”jumper.gif” 
                

                
                    	http://barnum:80/circus/acrobats/juggler.jpg
                    	Matches=yes server=”barnum:80” path=”circus/acrobat” object=”juggler.gif”
                    
                

                
                    	http://{server}/{path}/{object}
                    	http://barnum:80/circus/jumper.gif
                    	Matches=yes server=”barnum:80” path=”circus” object =”jumper.gif” 
                

                
                    	http://barnum:80/circus/acrobats/juggler.jpg
                    	Matches=yes server=”barnum:80” path=”circus” object =”acrobats/juggler.jpg”
                    
                

            
        



    
    
        Verification and execution of XRM specifications (principles)

        Our descriptions can be expressed through XML or any appropriate language. If the
            language is not based on XML, a bidirectional, lossless, translation to XML could be
            provided (this technique is used by the RelaxNG [wikipedia-RelaxNG]
            schema language, which provides both an XML based syntax and a so-called “compact
            syntax”, strictly equivalent). 

        In order to be consistent and usable, our link descriptions must comply with specific
            properties that can be checked in order to assess the correctness of the specifications: 

        
            	
                Wellformedness of the logical structure (correct occurrence of sections,
                    subsections and attributes)

            

            	
                Correct use of tags (no dangling tag references, coherence of tag declarations
                    if any)

            

            	
                Correct structure of URI (reference on link descriptions)

            

        

        The execution model of any processing component functionally encompasses 3 stages
            (points vr1, vr2, vr3 below all
            cover the third stage, depending on the active operation): 

        
            	
                Performs the XML parsing

            

            	
                Extracts of the so-called base-uri (the URL that describes
                    the localization of the instance to be processed) 

            

            	
                For each link specified into the link validation description,

                
                    	
                        Extracts the link value, using the localization information described
                            in point 1.a above, and accessed through the tag designation
                        mechanism

                    

                    	
                        Perform a partial normalization of the link, according to information
                            provided (deals only with escaping issues, depending on the kind of
                            reference, as specified)

                    

                    	
                        Verifies if the lexical structure of link meets the validation
                            requirement, depending on those:

                        
                            	
                                The link structure is compliant with the declared link
                                type

                            

                            	
                                The link is verifying the condition (if provided)

                            

                            	
                                The link is matching the pattern (if provided)

                            

                            	
                                The link target is available (if this constraint is
                                specified)

                            

                            	
                                The link target verifies the expected properties, if any such
                                    is specified (namespace, node selection condition)

                            

                        

                    

                

            

            	
                For each link specified into the link transformation description,

                
                    	
                        Extracts the link value, using the localization information described
                            in point 1.a above, and accessed through the tag designation
                        mechanism

                    

                    	
                        Normalizes the link, according to the information provided by the
                                normalize attribute of the link transformation
                            section (if normalize is set to true, solves the relative references
                            into absolute references, in accordance with the XML Base standard
                                [XBase] ; deal with escaping issues, depending on
                            the kind of reference, as specified)

                    

                    	
                        Applies the rule logic as described above for rewriting
                        descriptors

                    

                    	
                        Normalizes the resulting link, with respect to xml:base mechanism, if
                            required

                    

                    	
                        Handle forbidden characters inside link content, as required by its
                            type (use escaping mechanisms defined in [URI], e.g. a
                            space “ “ is escaped into “%20”)

                    

                    	
                        Inserts the resulting link into the output document in replacement of
                            the original link

                    

                

            

            	
                For each link specified in the dependencies section,

                
                    	
                        extracts all relevant link values satisfying the filtering conditions
                            (prior normalization if required)

                    

                    	
                        normalize the link (if required by the extract sub-descriptor) and
                            orders the links according to the specified ordering policy

                    

                    	
                        creates an output report with the relevant meta-information: for
                            instance the date and time of the dependency extraction operation ; the
                            URL of the input document, the URL of the link dependencies
                            specification interpreted by the operation

                    

                    	
                        dumps the links in the right order inside the report with the relevant
                            meta-information as specified by show-tag and show-location
                        attributes
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Abstract
XProc: An XML Pipeline Language is a
specification being developed by the W3C for describing a sequence of
XML operations performed over a set of input documents. Not all of the
steps in XProc are known to streamable and consequently,
the XProc specification does not require implementations to support
streaming.

It's an open question whether or not a streaming implementation
would be likely to achieve significant performance improvements over a
similar non-streaming implementation. Using data collected from
real-world pipelines, this paper examines that question.
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Introduction


XProc is a language for expressing a pipeline of XML operations. One
simple example of the sort of use cases that XProc is designed to meet is
this pipeline:


<p:pipeline xmlns:p="http://www.w3.org/ns/xproc">
  <p:xinclude/>
  <p:validate-with-xml-schema>
    <p:input port="schema">
      <p:document href="/uri/of/schema.xsd"/>
    </p:input>
  </p:validate-with-xml-schema>
  <p:xslt>
    <p:input port="stylesheet">
      <p:document href="/uri/of/stylesheet.xsl"/>
    </p:input>
  </p:xslt>
</p:pipeline>


This pipeline performs XInclude processing, validates the
expanded document, applies a stylesheet to it, and returns the result
of the transformation.



XProc steps


The XProc specification defines 31 required and 10 optional steps,
summarized in Table 1.



Table 1The XProc Standard Step Library


	p:add-attribute
	p:http-request
	p:set-attributes
	p:wrap-sequence



	p:add-xml-base
	p:identity
	p:sink
	p:wrap



	p:compare
	p:insert
	p:split-sequence
	p:www-form-urldecode*



	p:count
	p:label-elements
	p:store
	p:www-form-urlencode*



	p:delete
	p:load
	p:string-replace
	p:xinclude



	p:directory-list
	p:make-absolute-uris
	p:unescape-markup
	p:xquery*



	p:error
	p:namespace-rename
	p:unwrap
	p:xsl-formatter*



	p:escape-markup
	p:pack
	p:uuid*
	p:xslt



	p:exec*
	p:parameters
	p:validate-with-relax-ng*



	p:filter
	p:rename
	p:validate-with-schematron*



	p:hash*
	p:replace
	p:validate-with-xml-schema*



	
* An optional step.







For more details about the nature of XProc pipelines, see
XProc: An XML Pipeline
Language.





Streamability


When XProc development first began, there were a lot of opinions
about streamability. Some people suggested the constraint that all
XProc steps must be streamable. Others suggested only that they should
be streamable.


In the end, the working group determined that it would impose no
streamability constraints on implementations. Instead it would attempt
to define steps such that it was (at least usually) possible to stream
them and leave the actual streamability as a quality of implementation
issue.


There seems to be an informal consensus that a streaming
implementation would be expected to outperform a similar non-streaming
implementation. In the particular case of XProc, the author believes
that this depends significantly on the extent to which real world
pipelines are composed of streamable steps.


The standard XProc steps can be divided roughly into three
categories: those for which a streaming can always be achieved (e.g.,
p:identity), those for which streaming can often be
achieved (e.g., p:delete), and those for which no
general, streaming implementation is known (e.g.,
p:xslt).


The distinction between the first and second catagories amounts
to the question of XPath streamability. The p:delete step,
for example, is streamable precisely to the extent that the XPath
expression used to select the nodes to be deleted is
streamable.


Taking an optimistic view, this paper assumes that if a step
could be streamable then it is. This won't always be true, of course,
but taking that view will establish an upper bound on the number of
streamable pipelines.


With that in mind, we assume that the following steps can
not be streamed:
p:exec,
p:http-request,
p:validate-with-relaxng,
p:validate-with-schematron,
p:validate-with-xml-schema,
p:xquery, and
p:xslt. We assume that all other steps can be streamed.




XML Calabash


XML Calabash
is the author's implementation of XProc. XML Calabash is written in
Java and is built on top of the Saxon 9 APIs. The author's principle
motivation for writing XML Calabash is to demonstrate a complete and
correct implementation. Demonstrating at least two complete and
correct implementations of every feature is a necessary prerequisite
for getting XProc approved as a W3C Recommendation.


At the present time, XML Calabash (version 0.9.13) evaluates all
pipelines in a linear, non-streaming, single-threaded fashion. Future
versions of XML Calabash may provide streaming and multi-threading,
though high performance is not a stated goal at this time.




Collecting data about real world pipelines


XML Calabash has a feature for collecting information about
actual pipelines that are being used. By default, XML Calabash sends a
simple report about each pipeline that it runs back to a central
server. This report includes some basic information about the pipeline
and a list of each step that was run and the order in which they were
run.


In the interests of privacy, XML Calabash
never collects any information about the
documents that are processed by the pipeline. Users who feel
uncomfortable about this data collection service can disable it
completely.




Data collected


This paper reports on the data collected by XML Calabash between
21 Dec 2008 and 11 Jul 2009. During that period,
data was collected on more than 294,000 pipeline runs.
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Figure 1.Runs per week

Ignoring the outliners, this data shows reasonably steady growth in
XML Calabash usage.


[image: Runs per week]


Figure 2.Runs per week





Data aggregation


Figure 3, “Summary of the raw data” presents a summary of the raw data,
showing for each step how many times it was used in the data
collected.


[image: Summary of the raw data]


Figure 3.Summary of the raw data

Not shown in that table are the errors: 396 pipelines failed
with static errors, 7778 failed with dynamic errors.


The whole collection of pipeline reports includes many runs of
the same pipeline. So while there are almost 300,000 runs over six
months, there are no where near that many distinct pipelines. The
reports have a very consistent structure. This consistency allows us
to easily identify duplicate runs.


What is a duplicate run? Two runs are considered to be the same
if they come from the same IP address and perform the same steps in
the same order at runtime. Note that this does not mean that the
source pipelines were necessarily the same,
though it's certainly likely that most duplicate runs are from the
same pipeline. Note also that the same pipeline might produce runs of
different lengths when presented with different data.


Our analysis reveals that there are 3,994 distinct runs in the
data collected. Many pipelines run only a single step, but one
pipeline ran 4,051 steps. (For an average of 73.8 steps/pipeline.)


[image: Length of pipeline run in steps]


Figure 4.Length of pipeline run in steps

Figure Figure 4, “Length of pipeline run in steps” plots each unique pipeline
against the length of its run, sorted by length of run. Plots of different
ranges of this graph show a very similar structure.


It's an open question whether analysis of the
unique runs is more or less valuable than
analysis of all the runs. Using only the unique runs biases against
pipelines that were run many times, for which performance could be an
important factor. Using all the data baises against distinct runs that
occurred only once.


Since the focus of this paper is on the characteristics of XProc
in general, and not the efficiencies of individual pipelines, the
balance of this paper consideres only the set of unique pipeline
runs.





Data analysis


Now let us consider the streamability of a pipeline. At one
extreme, if a pipeline consists entirely of steps which cannot be
streamed, then streaming offers no advantage for that pipeline. At the
other extreme, if a pipeline consists entirely of streamable steps,
then streaming would offer the most possible benefit for that
pipeline. In the middle are those pipelines that contain a mixture of
streamable and non-streamable steps.


For a collection of pipeline runs that are “n” steps long, we
can compute three values: the length of the longest streamable subpipeline,
the length of the shortest streamable subpipeline, and the corresponding
average length. From this data, we obtain
Figure 5, “Streamable Subpipeline Length”.


[image: Streamable Subpipeline Length]


Figure 5.Streamable Subpipeline Length

(A small number of runs consisting of thousands of steps significantly
reduced the readability of the graph; they have been elided.)


Figure 6, “Streamable Subpipeline Length (for pipelines shorter than 200 steps)” shows a magnified version of
the first portion of this graph.


[image: Streamable Subpipeline Length (for pipelines shorter than 200 steps)]


Figure 6.Streamable Subpipeline Length (for pipelines shorter than 200 steps)

With respect to our earlier simlifying assumption that all steps
that can be streamed are streamed, a casual inspection of the actual match
patterns used revealed that to be true at least 80% of the time.





Conclusions


The preliminary analysis performed when this paper was proposed
suggested that less than half “real world” pipelines would benefit
from a streaming implementation.


The data above seems to indicate that the benefits may be
considerably larger than that. Although it is clear that there are
piplines for which streaming wouldn't offer significant advantages,
it's equally clear that for essentially any set of pipelines of a
given length, there are pipelines which would be almost entirely
streamble.


Perhaps the most interesting aspect of this analysis is the fact
that as pipeline runs grow longer, they appear to become more and more
amenable to streaming. That is to say, it appears that a pipeline that
runs to 300 steps is, on average, more likely to benefit from
streaming than one that's only 100 steps long.


We have not yet had a chance to investigate why this is the case.






Caveats


In the interests of openness, it should
be noted that there are several weaknesses in the data.



	
The data is collected on an “opt-out” basis. That makes it very difficult
to publish the raw data. Without explicit consent from users, I'm reluctant.
On the other hand, it's likely that much less data would be available if an
explicit, “opt-in” approach had been taken.




	
The XProc specification is currently a Candidate Recommendation.
Today's users represent the very leading edge of adoption. It's not
obvious that the usage patterns apparent in this data will accurately
reflect the usage that occurs when XProc is widely adopted.
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            Abstract

                Version control systems like CVS and Subversion have transformed collaboration
                workflows in software engineering and made possible the globally distributed project
                teams we know from the Open Source phenomenon. On the other hand, XML is coming of age
                as a basis for document formats, and even though XML as a text-based format is
                amenable to version control in principle, the fact that version control systems work
                on files makes difficult the integration of fragment access techniques like XPath,
                XQuery that are currently revolutionizing XML workflows.
            

            
                In this paper we present the TNTBase system, an open-source versioned XML
                database obtained by integrating Berkeley DB XML into the Subversion Server. The
                system is intended as a basis for collaborative editing and sharing XML-based
                documents. It integrates versioning and fragment access needed for fine-granular 
                document content management.
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        Introduction

        
            With the rapid growth of computers and Internet resources the communication between humans
            became much more efficient. The number of electronic documents and the speed of
            communication are growing rapidly. We see the development of a deep web (web content
            stored in Databases) from which the surface Web (what we see in our browsers) is
            generated. With the merging of XML fragment access techniques (most notably
            URIs [BLFM98] and XPath [CD99, BBC07]) and database
            techniques and the ongoing development of XML-based document formats, we are seeing the
            beginnings of a deep web of XML documents, where surface documents are assembled,
            aggregated and mashed up from background information in XML databases by techniques like
            XQuery [XQu07], and document (fragment) collections are managed by XQuery
            Update [XQU08].            
        

        
            At the same time, the Web is constantly changing - it has been estimated that 20% of
            the surface Web changes daily and 30%
            monthly [CGM00, FMNW03]. While archiving services like the
            Wayback Machine try to get a grip on this for the surface level, we really need
            an infrastructure for managing changes in the XML-based deep web.
        

        
            Unfortunately, support for this has been very frugal. Version Control systems like CVS and
            Subversion [SVN08] which have transformed collaboration workflows in software
            engineering are deeply text-based (wrt. diff/patch/merge) and do not integrate well with
            XML databases and XQuery. Some relational databases address temporal
            aspects [DDL02], but this does not seem to have counterparts in the XML
            database or XQuery world. Wikis provide simple versioning functionalities, but these are
            largely hand-crafted into each system's (relational) database design.
        

        
            In this paper we present the TNTBase system, an open-source versioned XML database
            obtained by integrating Berkeley DB XML [Ber09b] into the Subversion
            Server [SVN08]. The system is intended as an enabling technology that provides a
            basis for future XML-based document management systems that support collaborative editing
            and sharing by integrating the enabling technologies of versioning and fragment access
            needed for fine-granular document content management.  Our aim is to make possible
            workflows and globally distributed project teams as we know them from Open Source
            projects.
        

        
            The TNTBase system is developed in the context of the 
            OMDoc project 
            (Open Mathematical Documents [omd, Koh06]), an XML-based representation
            format for the structure of mathematical knowledge and communication. Correspondingly, the
            development requirements for the TNTBase come out of OMDoc-based applications and
            their storage needs. We are experimenting with a math search engine [KS06],
            a collaborative community-based reader panta rhei [pan], the semantic wiki
            SWiM [Lan08], the learning system for mathematics
            ActiveMath [Act08], and a system for the verification of statements about
            programs VeriFun [Ver08].
        

        
            But TNTBase as described here is independent of all of these and has no
            specialization to mathematical content. This will be added at another layer,
            re-implementing an earlier system [FK00, KF01, FK06],
            but other XML-based systems could be supported as well, e.g. semantic Wikis like
            IkeWiKi [Sch06], KiWi [SEG09], eLearning
            Systems [CNX08, Tea06], scientific document archives, etc.
        

        
            In the next section we will review the state of the art in versioning and XML databases,
            describing the two systems we combine and extend for TNTBase.  In
            Section The System Design and Interfaces we an overview of a TNTBase architecture and interfaces it
            exposes.  To make an every part of the architecture picture clear we will continue with
            describing the core of TNTBase - the XML-enabled repository in
            Section xSVN and the Java accessory library in
            Section DB XML Accessor. Section Virtual Files showcases an advanced feature of
            TNTBase: Virtual Files. Section Conclusion and Future Work concludes the paper.
        

    
    
    
        State of the Art

        
            The TNTBase system is based on two widespread open-source systems: Subversion and
            Berkeley DB XML. We provide a short description of those aspects of the systems that are
            relevant to TNTBase and discuss what is missing for versioned XML-storage.
        

        
            Subversion

            
                Subversion (SVN) is one of the most popular open-source client-server version control
                systems. On a server side SVN maintains versions and history of documents and directories in a
                repository. Users work with such a
                repository by checking out to a local working space the directory tree (a working
                copy). This maintenance is performed by the SVN client utility. 
                After a working copy is checked out users can perform various actions with it [CSFP04]: change,
                update from a repository or propagate changes back to a repository, changing properties of
                directories or files, merging different source trees, etc. The update command
                performs merging of a local working copy with the latest version in a repository. In case
                when automated merging is not solvable, a user has to edit conflicting files
                manually. Afterwards in order to propagate local changes back to a repository a user
                performs a commit. Using above mentioned commands comprises the typical workflow
                encountered by SVN users. We have covered only the basic concepts, but that is enough to
                get a rough conception of SVN. In Section xSVN we will show that 
                the TNTBase core is a substitution of an SVN server. 
            

            
                SVN is not aware of content inside a repository (apart from distinguishing binary and text
                files). For SVN users it does not make a difference whether they store text files, PDFs or
                XSLT stylesheets. In particular, SVN does not support native XML processing like XML
                databases. By XML-processing we mean possibilities to query XML-documents, index them in
                order to improve querying performance, benefit from XQuery Update
                facilities [XQU08] or utilize transactional mechanism in order to keep
                collection of XML documents consistent. Thus when we are talking about XML storing we
                should look at the XML-databases which is a subject of the next subsection.
            

            
                Another limitation of SVN is that the smallest versioned entity in its repository is a
                file. But for some users it might be desirable to abstract away from the notion of files,
                and work with XML objects like a section in scientific papers in the DocBook format or
                theorems or proofs in mathematical documents. Roughly speaking, a user should be able to
                get away from the file metaphor (see [MK08] for further ideas).
            

        
        
        
            Berkeley DB XML

            
                Berkeley DB XML (DB XML) is an open-source, XML-native embedded database. Embeddedness
                means that it is distributed as a library with a number of API for various programming
                languages like C++, Java, Perl, Ruby and some others. This approach does not have an
                overhead by having surrounding environment like servlets or stand-alone servers. Also the
                embeddedness eliminates some database administration costs. DB XML is built on top of
                Berkeley DB [Ber09a] which is used by such applications as SVN (the
                consequences of this are discussed in Section xSVN), the RPM Package
                Manager RPM09, the MySQL database MyS08 and Postfix Pos09,
                to name just a few of the most notable. Berkeley DB is an open source, embeddable database
                with zero administration; and DB XML inherits its advantages and features
                (e.g. portability, transactions, replications, easy deployment, etc.) from it. Naturally DB
                XML extends this with the typical XML-native database features:
                XQuery-based [XQu07] access to documents (with XQuery Update facilities
                support), support of transactions, preparsed queries, content-based indexing, scalability,
                recovery and locking mechanisms and the ability to work in multi-threaded and multi-process
                environments. Furthermore DB XML has established a reputation of being a scalable and
                very productive XML-native database that makes it a good choice to base the TNTBase
                system on.
            

            
                But unfortunately DB XML does not support versioning which is becoming more and more important when 
                managing collections of XML documents. Some of the products [Ipe09, Mar09, Ora09b] 
                on the XML-native databases market actually support versioning in a way, but this versioning has a bunch of limitations 
                in comparison to ordinary version control systems like SVN or CVS, and moreover they all have a commercial license. 
                On the other hand there is no popular version control systems which treat XML in a special way.
                This should be a goal of TNTBase as well.
            

        
    
    
    
        The System Design and Interfaces

        
            The TNTBase architecture is presented in Figure TNTBase architecture. 
            We tried to keep it simple and understandable for readers by not showing irrelevant parts of the system. 
            The core of TNTBase is xSVN (see Section xSVN). 
            It is managed by Apache's mod_dav_svn module or accessed by DB XML Accessor 
            (see Section DB XML Accessor) locally on the same machine.
            Apache's mod_dav_svn module exposes an HTTP interface exactly like it is done in SVN. 
            Thereby a user of TNTBase is able to 
            work with TNTBase repository exactly 
            in the same way as with a normal SVN repository via HTTP protocol 
            including Apache's SVN authentication via authz and groups files. 
            The non-XML content can be managed as well in TNTBase, but only via discussed xSVN's HTTP interface. 	
        

        
        [image: TNTBase architecture]
                
            
Figure 1.TNTBase architecture


        
        
            DB XML Accessor is able to work with XML-content in an xSVN repository. Actually
            it works directly only with a part of it, namely with an xSVN container by utilizing DB XML
            API. All indispensable information needed for XML-specific tasks is incorporated in a DB
            XML container using additional documents or metadata fields of documents.  SVNKitAdapter
            comes into play when the revision information needs to be accessed, and acts as a mediator
            between an xSVN repository and DB XML Accessor. And in turn when DB XML Accessor intends
            to create a new revision in a \xSVN repository it also exploits SVNKitAdapter
            functionality. In Figure TNTBase architecture note that SVNKitAdapter does not work
            directly with \xSVN, but accesses it via HTTP as SVNKit [SVN07] can not access BDB-based
            repositories via the local protocol. But because we expose SVN HTTP access, this is
            not a problem.
        

        
            DB XML Accessor realizes a number of useful features but is able to access an xSVN
            repository only locally. In order to exhibit all its functionality to the world, RESTful
            interface of TNTBase is provided for users. The full specification can be found at
            https://trac.mathweb.org/tntbase/wiki/info, but to get a rough idea what a user is
            able to do with it, see Sections DB XML Accessor
            and Virtual Files devoted to the DB XML Accessor features.  We use the
            Jersey [Jer09] library to implement a RESTful interface in
            TNTBase. Jersey is a reference implementations of JAX-RS (JSR 311), the Java API
            for RESTful Web Services [JSR09] and has simplified our implementation
            considerably. 
        

        
            Apart from RESTful interface, TNTBase provides a test web-form that allows users to
            play with a subset of the TNTBase functionality before using RESTful style of
            communication. For simple testing of RESTful interfaces we would suggest the Firefox
            plugin which could be found at https://addons.mozilla.org/en-US/firefox/addon/9780.
            Also an XML-content browser is available online that shows the TNTBase file system
            content including virtual files. Unfortunately TNTBase now supports authentication
            only when accessing its SVN interface. The united authentication for all interfaces is a
            subject for future work[1].
        

        
            Currently readers can access a test TNTBase system by two URLs: SVN interface at
            https://alpha.tntbase.mathweb.org/repos/lectures/ and other interfaces at
            http://alpha.tntbase.mathweb.org:8080/lectures/. Additional information about
            TNTBase can be found on its TRAC page at https://trac.mathweb.org/tntbase/.
        

    
    
    
        xSVN, an XML-enabled Repository

        
            The architecture of xSVN and thus TNTBase is motivated 
            by the following observation: Both the SVN server
            and the DB XML library are based on Berkeley DB (BDB). The SVN server uses it to store
            repository information[2], and DB XML uses for storing raw bytes of XML and for supporting
            consistency, recoverability and transactions. Moreover, transactions can be shared
            between BDB and DB XML. Let us look at the situation in more detail[3].
        

        
            The SVN BDB-based file system uses multiple tables to store different repository
            information like information about locks, revisions, transactions, files, and directories,
            etc.. The two important tables for us are representations and 
            strings. The strings table 
            stores only raw bytes and one entry of this table could be any of these:
            

                	
                    a file's contents or a delta[4] that reconstructs file contents
                    

                

                	a directory entry list in special format called skel or 
                    a delta that reconstructs a directory entry list skel


                	a property list skel or a delta that reconstructs a property list skel
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Figure 2.xSVN Repository


        
        
            From looking at a strings entry alone there is no way to tell what kind of data it
            represents; the SVN server uses the representations table for this. Its entries are
            links that address entries in the strings table together with information about
            what kind of strings entry it references, and - if it is a delta - what it is a
            delta against. Note that the SVN server stores only the youngest revision (called the
            head revision) explicitly in the strings table. Other revisions of
            whatever entity (a file, a directory or a property list) are re-computed by recursively
            applying inverse deltas from the head revision.
        

        
        
            To extend SVN to xSVN (an XML-enabled repository), we only need to subjoin the
            DB XML library to SVN and add a new type of entry in the representations table that
            points to the last version of that document in the DB XML container (see
            Figure xSVN Repository). Containers are entities in DB XML that are used for storing
            XML documents in. Literally, a container is a file on disk that contains all the data
            associated with your documents, including metadata and indices. For every xSVN repository
            we use only one container located in the same folder as BDB tables, and therefore it
            allows us to share the same BDB environment exploited by an SVN back end.
        

        
        
            From an end-user perspective there is no difference between SVN and xSVN: all the
            SVN commands are still available and have the same behavior. But for XML documents the
            internals are different. Assume that we commit a newly added XML file[5]. Its content does not go 
            to the strings table, but instead a file is added to DB XML container with a name
                which is equal to the reference key stored in the also newly created
            representations entry of DB XML full-text type.  When we commit a number
                of files and even one of the XML files is not well-formed then the commit fails and no data
                are added into an xSVN repository, which conforms to the notion of a transaction in SVN
                and DB XML. When we want to checkout or update a working copy, xSVN knows what files are
                stored in DB XML, and those files are read from a DB XML container. Another important thing
                is the scenario when we commit another version of an XML file. The older revision is
                deleted from DB XML, the newer revision is added to DB XML and a delta between these
                revisions are stored in the strings table. This delta has a normal text SVN format, and
                the SVN deltification algorithms have not been changed in xSVN. Thus we are still able to
                receive older revisions of XML documents. For non-XML files the workflow of xSVN is
                absolutely the same as in SVN: data are stored in the same BDB tables, and the code
                behaves entirely in the same way. Thereby we are also able to store text or binary data in
                xSVN which can supplement the collection of XML files (e.g. licensing information or
                generated out of XML PDFs). And moreover we can add or commit XML and non-XML files in the
                same transaction.
        

            
        
            As was mentioned above, xSVN deltification algorithms are inherited from normal
            SVN. The natural course of things for XML storage would be to substitute or extend these
            algorithms by XML-diff algorithms. We currently decided against this because SVN is a
            very complex system with differencing algorithms being an evidence of it. The more parts
            are subject for replacement or modification, the more efforts it requires and the less
            stable system becomes in comparison with the original well-tested one. Moreover, the
            text-based diff-algorithms are efficient, fast and reliable, nicely fit in with SVN
            architecture (to be precise, they are a part of it). Finally, it is not clear that there
            is any advantage to changing the deltification on the server. It is however
            clear that XML differencing brings great advantages in the client both in terms
            of smaller and less invasive deltas, and more informative conflict resolution
            strategies. But for transport in the server these "semantic differences" can be
            transformed into text-based diffs. If future research turns up advantages for supporting "semantic
            differences" in the server, we will integrate this into the xSVN server, otherwise we
            leave semantic differencing to the client layer integrated into TNTBase.
        

        
        
            In conclusion: xSVN, as we presented it so far, offers a versioned XML storage, but without additional modules
            it is useless as the only difference from SVN is that it refuses to commit ill-formed XML
            documents. 
        

            
    
        
    
        The DB XML Accessor Library

        
            So far we have introduced xSVN, an enhanced in our sense SVN, which stores the last revisions of XML files 
            in DB XML instead of BDB. The next decision was to implement a Java library (DB XML Accessor) 
            for internal usage which will serve as another brick to build the TNTBase system. 
            So we have a DB XML container that contains all of the newest revisions of XML files, 
            and we have a Java API for accessing this container. How do we proceed?
        

        
            Querying XML Documents

            
                We will start with a short description how querying is done in DB XML and in 
                DB XML Accessor. As in nearly every XML-native database, the query language in DB XML is XQuery. 
                To address the whole container in DB XML we use collection('dbxml:/<container_name>'). 
                To access a particular document in a container DB XML uses 
                doc('dbxml:/<container_name>/<doc_name_inside_container>') syntax.
            

            
            
                DB XML Accessor utilizes slightly extended and simplified syntax of accessing documents in a DB XML container. 
                Since we have only one container in xSVN, to access all documents in a container just use 
                collection(), to access a particular document use doc(<path_to_doc>). 
            


            
                Here we should say something about how the latter query is transformed to DB XML syntax. 
                As we mentioned in Section xSVN, we use reference keys from the 
                representations
                table as documents names in DB XML. There is another way to preserve a path and a document name in DB XML.
                To accomplish this DB XML document metadata are used. 
                Each document in a container can have an arbitrary set of metadata fields of different types. 
                This metadata could be also indexed by DB XML, which might improve performance of particular queries. 
                So when xSVN adds a new XML document into a container, it also sets a document location in a repository, 
                a document name and a full path of a document. For instance, if we have a document paper.xml 
                in the /Balisage folder, then the location in a repository would be 
                /Balisage, 
                the document name - paper.xml, and the full path - /Balisage/paper.xml. 
                At first glance this information might seem redundant, especially taking into account that 
                xSVN stores all of these in BDB tables. But by this approach we do not lose much except 
                some storage space and writing performance when index of metadata should be updated. 
                But we gain much more, now we are independent in DB XML Accessor from BDB tables, 
                and each of the metadata fields can improve performance on particular queries which deal with documents paths.    
            

            
            
                Thanks to the mentioned above metadata fields, it is possible to access a subset of documents in a container. 
                For this one should use collection(<arbitrary_path>) in 
                DB XML Accessor. For example collection(/doc*//test//paper??.xml) 
                would address all documents which names corresponds to the pattern paper??.xml 
                (a '?' is just a wildcard) and they contain test directory in the path and the 
                first directory of which starts with doc.
            

            
            
                Also DB XML Accessor exposes methods for retrieving contents and paths of documents which 
                are located at some arbitrary paths. Wildcards or '//', which stands for an arbitrary number of subfolders in a path, 
                could also be used. All these queries would not be so efficient if we did not introduce a file system concept 
                in xSVN container. Why did we have to introduce a file system? The answer is simple: 
                DB XML does not have any hierarchical structure inside its containers. The next sections explains how we have introduced it. 
            

        
            
        
            File System in an xSVN Container

            
            
                We already introduced the file path metadata fields in Section Querying XML Documents. 
                Using them it is possible to reproduce the file system
                tree, but unfortunately it is not always efficiently. Assume that we want to find out what
                directories and files are located in a particular folder. For this we would have to
                execute a substring query on our file path metadata field. If a DB XML container contains
                a huge collection of documents then we could have a big delay while performing a seemingly
                simple task.  The solution was to introduce ad-hoc XML documents in an xSVN container, one
                for each directory. We call such XML documents as file system documents
                (FSDs). FSDs have a special name format: tnt:<directory_path>. 
                Each of these FSDs contains a list of directory entries in XML format. For example for directory
                /Balisage/papers we might have the following FSD inside an xSVN container (its
                name is tnt:/Balisage/papers/):
            

            
                <entries xmlns="http://tntbase.mathweb.org/ns">
                    <dir name="sources"/>
                    <dir name="references"/>
                    <file name="paper_zholudev.xml"/>
                    <file name="paper_kohlhase.xml"/>
                    <vfile name="notations.vf" id="dbxml_54"/>  <!--will be explained later -->
                </entries>
            

            
            
                Now we can easily and efficiently find out about entries in the particular directory using XQuery. 
                Here we should mention that such FSDs exist only for a folder which contain XML files or folders which contain XML files. 
                Thereby we do not interfere with other content of an xSVN repository like text files or images. 
                xSVN takes care about consistency in such FSDs, e.g. if a folder becomes empty after deletion of XML files, 
                then the corresponding FSD is removed from a DB XML container and the folder is removed from the parent's folder entries 
                and so on recursively. Also if we add some XML files to a newly created folder, then the file system structure 
                is created recursively. 
            

        
            
        
            Write Access to TNTBase

            
            
                So far we discussed only how to retrieve content and query an xSVN container by DB XML
                Accessor. But is it possible to write to xSVN using DB XML Accessor, or perform an
                XQUpdate query? The answer is positive. Then the next question arises, what would happen
                with revisions of XML files inside an xSVN repository?  Shortly the answer is that the
                updated XML files will get a new revision in xSVN, then will be deltified, and a delta will be
                stored in BDB. Thus all history of modifications will be preserved. Let us discuss how we
                have accomplished that.
            

            
            
                In DB XML Accessor we use the SVNKitAdapter library, which is based on the
                SVNKit - a Java library that re-implements the SVN client
                functionality. This allows us to work directly with an xSVN repository without a need to
                have a local working copy. In particular, SVNKit follows the SVN protocol to makes sure
                that no changes are lost on a commit; it forces an in-memory update and construct a delta
                between the local and the (updated) head revision. Only this delta is sent to a repository
                by SVNKit. But things get more complicated if we intend to modify an XML document by XQUpdate
                facilities. Then DB XML Accessor substitutes the original XQUpdate with a transform
                function (see [XQU08] for more details), which returns a modified document but
                does not modify a document internally in DB XML. Then this modified part is sent via
                SVNKitAdapter to xSVN in the usual way: SVNKit creates a new revision of a file and stores
                a delta against the previous version. Thus we can again retrieve a version of a file
                before executing XQUpdate. The xSVN log message would tell users how this change has
                occurred.
            

        
                
        
            Querying Previous Revisions

            
                Even though the xSVN container only stores the head revision of XML files we can query
                previous revisions of XML files: DB XML Accessor can cache XML files in the same
                xSVN container for the respective revision. Then we are able to query XML files
                exactly like we describe it in Section Querying XML Documents but additionally providing a
                revision of interest. Note that only those files that have been cached before will be
                queried. Analogously we can remove a set of documents from a cache. Then they will not be
                queried. The advantage of this approach is that we choose manually the interesting subset
                of a revision thereby avoiding redundant filling of an xSVN container and eliminating
                unnecessary results. Also we are able to cache the single file unlike SVN when we are able
                to checkout or export only folders. Note that we can even cache the head revision, even
                though the head xSVN container already contains it. This can be useful when we intend to
                query against the documents of an exact revision: documents of the head revision can
                evolve, but cached documents remain the same.
            

            
            
                All caching is mediated by SVNKitAdapter, which retrieves the necessary revisions from an
                xSVN repository. Then these revisions are added to a DB XML container with a special
                metadata field that denotes a revision number. This metadata field is also indexed, which
                improves performance on querying. All XML documents of the latest revision have a revision
                meta field equal to '-1'. This field allows us to distinguish different revisions when
                querying without loosing performance. In order to cache the latest revision, one should
                provide the exact number of it.    
            

        
        
        
            Caching Query Results

            
                DB XML Accessor can cache query results in situations where a query incurs a large
                processing load, but the files that contribute to a query result change rarely. The user
                must simply pass a corresponding option to a query engine and receive a unique access
                handle with the computed result. Of course it is also possible to clean an xSVN container
                from cached results if they are not needed any longer or became obsolete. Internally, DB
                XML Accessor stores query results as separate documents. To distinguish them from
                e.g. FSDs introduced in Section Virtual Files, we introduce a type metadata field
                which is also applied for virtual files (see Section Virtual Files).
            

        
    
     
        Virtual Files

        
            In this section we introduce a powerful concept - a Virtual File (VF). A VF is a
            TNTBase file system entity which is a result of a particular XQuery expression, i.e. a
            VF is characterized by XQuery expression and a revision number this expression operates
            on. For instance if we create a VF with XQuery that returns the list of references from
            all scientific papers in a repository, then the content of a VF would be the list of
            references.            
        

        
            Creating a Virtual File and Getting Information about Virtual Files

            
                A VF is a file system entity that records the following information:
            

            
                	an XQuery expression together with a list of namespace declarations which are used
                    by it. The VF contents are determined by this XQUery expression. If XQuery provided is
                    not valid, then TNTBase notifies the user and does not create the VF.


                	a revision number that a VF operates on. Note that if we did not cache any
                    documents for that revision, then the content of a VF will be empty.


                	a description of what a VF does. This will simplify understanding for other users of
                    VF intention. This field can be blank of course.


                	a VF path in a repository. It will be not allowed to create a VF if a file system
                    entity already exists in the specified path. Even though it is possible to create a VF
                    in folders which do not exist yet. In this case a directory structure will be created
                    automatically.


            

            
                For instance, if somebody is interested in all definitions from mathematical documents in a folder where a VF is being created, 
                then (s)he can provide the following information to DB XML Accessor:
            

            
                	
                    XQuery: collection(./*.omdoc)//ns:definitions together with the
                    namespaces: (ns, http://www.mathweb.org/omdoc). Note that the first
                    '.' in the XQuery means the folder where a VF is being created.
                


                	Revision number: -1. Stands for the latest revision


                	Description: This VF returns all definitions from the current folder


                	Path: /omdoc/theories/defs.vf. A VF defs.vf 
                    will be created in the folder /omdoc/theories


            

            
                After a VF has been created, one can easily retrieve its 'content', i.e. in our example all definitions in OMDoc documents in the /omdoc/theories folder. 
                For the sake of example, a reader might also find useful Figure Definitions virtual file. 
            

            [image: Definitions virtual file]
                    
                
Figure 3.Definitions virtual file


            
                That is a typical creation procedure that is supported by DB XML Accessor. When a VF is
                created a new entity is added to a corresponding FSD. This entity is called vfile
                and also contains a name of a newly created DB XML document that encapsulates information
                about a VF. We call such a document as a VF encapsulated document (VFED). To
                retrieve the content of a VF the corresponding FSD is checked for the VF. If a VF exists,
                then a name of a VFED is read. When we know the name of a VFED, then we are able to
                receive an XQuery expression from that document. As soon as we have an XQuery expression
                we can execute it and deliver results to a user. Namespace declarations which have been
                provided during a creation of a VF are used during XQuery execution and are stored in a
                VFED.
            

            
            
                VFEDs are tagged with the metadata
                field type discussed in Section Caching Query Results. Therefore we can easily pick out only VFs and retrieve information
                about them in an xSVN container like their descriptions, revisions they operate on, their
                names, etc. Thus we are not get lost in the variety of VFs that users might have created. 
            

            
        
        
            Caching and Querying Virtual Files

            
                To make VFs more like VIEWS in relational data bases, DB XML Accessor also allows them to
                be queried, but only if their content has been cached. This allows the user to specify
                which VFs participate in querying. Note that if XML files which form the content of a VF
                have been changed, the cache of a VF is not changed. This is a target for a future
                work[6]. Caching also might be useful
                when a user intends to receive a content of a VF quickly and is sure that the cache
                contains up-to-date data. This is especially worthwhile when an XQuery expression of a VF is computationally expensive.
            

            
            
                When DB XML Accessor receives a command to cache a content of a VF (during creation of a
                VF, receiving VF's content or just via simple re-cache command), then the VF's content is
                stored in an xSVN container in the corresponding VFED. Results are wrapped in the special
                XML elements that are indexed. When querying VFs a user should use the same query syntax
                as (s)he uses for usual XML documents. That is possible because each VFED contains
                metadata fields for a VF path and its name. So for DB XML Accessor it does not make too
                much difference what is being queried: XML documents of the latest revision, cached
                documents of former revisions or VFs.
            

        
        
            Editing Virtual Files

            
                We complete this section by introducing another operation that could be performed on
                VFs. We are talking about editing VFs, i.e. in some cases (which we will explain a bit
                later) it is possible to retrieve a VF for editing, modify it and submit changes
                back. Then the files from which a VF was formed will be modified in xSVN and will receive
                a new revision. Returning back to our example with a VF that contains definitions of
                mathematical objects, if we modify all definitions in this file, then all OMDoc files in
                the folder /omdoc/theories that contain definitions will be modified accordingly
                and committed to xSVN.
            

                
            
                This approach has a number of limitations, some of them are quite obvious and
                straightforward:
            

            
                	A VF we intend to modify should operate on the latest revision, since we can not
                    change a particular revision in xSVN, because once committed a revision becomes
                    persistent in a repository.


                	We can edit only those VFs whose results are elements of some XML documents in DB
                    XML, to be precise attributes or XML nodes. We rely on DB XML query engine to figure
                    that out. If a result type is an XML node or attribute from DB XML point of view then we
                    allow to edit such elements and show them in a list of results to be modified. But we
                    can not edit pure text values which come from XML elements since text elements could be
                    mixed with other XML elements, and when we retrieve such a text we lose the information
                    before/after which nested element this text element has come from.


                	The VF content is a set of results. Every result should be wrapped in a special XML
                    element that contains the special information to allow DB XML Accessor to propagate
                    changes back to original files. A user is only allowed to edit inside such elements,
                    otherwise important information could be lost.


            

            
                This allow us to get rid of a notion of files in a way and operate on the level of
                objects and version them, although internally in xSVN the minimal versioned entity is
                still a file. Let us provide an example of the VF
                that contains a list of creators in OMDoc files.
            

            
                <?xml version="1.0" encoding="UTF-8"?>
                <tnt:vfile name="defs.vf" mode="edit" xmlns:tnt="http://tntbase.mathweb.org/ns" 
                    xmlns="http://www.mathweb.org/omdoc" xmlns:dc="http://purl.org/dc/elements/1.1/">
                    <tnt:note>
                        WARNING: do not edit 'results' elements, edit only within them! 
                        Otherwise TNTBase will not be able to version the corresponding 
                        original files! Appending additional result elements may harm 
                        your TNTBase content. Additional elements under 'tnt:vfile' other 
                        than 'tnt:result' will be ignored 
                    </tnt:note>
                    <tnt:result file_path="/ecc.omdoc" element_path="/omdoc/metadata" 
                        element_name="dc:creator" element_type="element" id="1">
                        <dc:creator role="trl">Michael Kohlhase</dc:creator>
                    </tnt:result>
                    <tnt:result file_path="/ecc.omdoc" element_path="/omdoc/metadata" 
                        element_name="dc:creator" element_type="element" id="2">
                        <dc:creator role="ant">The OpenMath Society</dc:creator>
                    </tnt:result>
                    <tnt:result file_path="/omstd/arithmetics1.omdoc" element_path="/omdoc/
                        symbol/metadata"  element_name="dc:creator" element_type="element" id="3">
                        <dc:creator role="ant">The TNTBase Society</dc:creator>
                    </tnt:result>
                </tnt:vfile>
            

                
            
                This file is obtained for editing and as was discussed above contain wrappers with a set of attributes. 
                Elements with the same name and path in the same documents are distinguished by the id attribute.
            

            
                A couple of words how it is realized in DB XML Accessor.  
                As we can see out of the example, every result of a VF is wrapped in a special XML element that contains the information about an original document, 
                a path in the original document, a name of an element, a type of an element (an attribute or a node) and a unique id. 
                All these items allow us to construct a unified XQUpdate expression for an every modified original document. 
                So in our example, if we modify each element, then it means that we should propagate changes to two documents: 
                /ecc.omdoc and /omstd/arithmetics1.omdoc. For the former one XQUpdate will contain two replacement statements, 
                for the latter one - only one replacement statement. Then the technique described in Section Write Access to TNTBase is applied. 
            

        
        
    
    
        Conclusion and Future Work

        
            We have presented the TNTBase system, a
            versioned XML database system that can act as a storage solution for an XML-based deep
            web. The implementation effort has reached a state, where the system has enough features
            to be used in experimental applications. TNTBase may significantly ease
            implementation and experimentation of XML-based applications, as it allows us to offload the
            storage layer to a separate system. Moreover users which require only versioning
            functionality may use TNTBase as a version control system whereas more exigent
            users can experiment with additional features of the system.        
        

        
            The next development goals will be to stabilize the system further, to improve performance
            and extend it with special infrastructure for the OMDoc language. As an extended case
            study we want to develop TNTBase into an archive and content management system
            for scientific publications and semi-formal theories. A practical limitation that needs to
            be overcome on the way to this is the lack of a unified authentication and rights
            management subsystem.
        

        [image: Distributed Scientific Publishing]
                
            
Figure 4.Distributed Scientific Publishing


        
        
            In the near future, we want to study how the difference-based architecture inherent in
            version control systems can be extended to a distribution model. Consider for instance the
            situation in Figure Distributed Scientific Publishing: Michael started to work on his paper with future
            intentions to propagate it to Jacobs University. During the creation Normen wants to have
            a cache copy of a Michael's paper on his computer and look after the changes. From time to
            time Michael pushes his work to Jacobs University and the corresponding people at Jacobs
            checks the correctness of the paper. Then assume Figure Distributed Scientific Publishing(b). When
            everything is done from Michael's side he wants to pass the rights for primary editing to
            university and only receive updates from it. Notice that Normen still depends on the
            Michael's updates. Now Jacobs University propagates its changes of the paper to some
            Journal and its stuff validates the correctness. Here is the same scenario as with Michael
            and Jacobs University in Figure Distributed Scientific Publishing(a). Finally (see
            Figure Distributed Scientific Publishing(c)) Jacobs University passes the rights for original editing of
            the paper to a Journal (like Michael did with Jacobs) and Normen decides to switch the
            source of cached copy to Jacobs since he thinks that Jacobs contains more actual
            information. We assume that all the individuals and institutions in our examples are
            running TNTBase installations that store the relevant documents. Some instance of
            these are "originals", others are working copies that are updated from them and that
            commit to them. Crucially the TNTBase take over all the necessary caching and
            communication of differences to make the process transparent and effortless to the users.
            The preliminary idea is to implement a client library inside a TNTBase web
            application that will be taught to speak to other instances of TNTBase and receive
            information from them. This library would exploit the SVNKitAdapter module, which will be
            in charge of checking compatibility of documents versions and commit or update necessary
            paths in an xSVN repository.
        

        
            Also our plans include the further work regarding virtual files. 
            Some efficiency improvements should be done as well as more intelligent caching should be implemented. 
            By "more intelligent" here we mean that the cache of virtual files should be updated automatically when the original files 
            in a repository which form a VF content are changed. That would also mean the gain of performance since every time when we receive a content
            of a VF or query it, we can be sure that the cache is up-to-date and we do not need to regenerate it.
        


        
            Finally, we plan to extend the XQuery family of languages with primitives for versioning
            to develop the full potential of the TNTBase system. The main operations here
            will be the propagation of changes, conflicts and non-interference judgments along
            semantic dependency relation; see [MK08] for first ideas. Currently much of the
            necessary content relations are language-dependent, but we will try to distill query and
            propagation primitives that can be implemented in the TNTBase system level.
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THE PERSON NAMED Elisabeth (identified by the registry
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End of the paragraph.

End of the document.
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This electronic document is 2 TET document. It obeys the general structure and definitions

associated vith the XML namespace <attp://www.tei-c.org/ns/i.0>. Its textual contents are vritten

(except where othervise stated) in the natural language which, according to the IETF REC 1766
specification (accessible at <http://¢vy.ietf.or/rfc/rfci7se.tst>), is denoted by "Fr-CA".
This section gives general information about hov the document came into existence, the vay it

is identified, its status, and trail of modifications.

The document, as a computer file, can be described as follows:

The key identifying elements of this document are:

its title, vhich is Le Vaisseau d'or
its author name, which is Emile Nelligan
its editor name, which is Luc Lacourciére

End of the key identifying elements.

This document corresponds to a published vork

which has been published in the place Montréal (Québec, Canada)
by the publisher Fides
on the date 1952

This document is derived from another document, called "the source”.

That source corresponds to the following bibliographic dat:

autnor: Emile Nelligan
Title: Poésies complétes 1896-1899

Texte établi et annoté par Luc Lacourciére
Luc Lacourciére
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down :?b'e type of crime in China’s history. Based in the southern China
igure

proviree ur wdangdong, members of the syndicate were arrested by Chinese

authorities in July 2007, following an international investigation led by China’s
Public Security Bureau (PSB) and the FBI. Microsoft and hundreds of Microsoft
customers and partners also provided information which assisted in the
investigation. The 11 accused were part of a criminal syndicate responsible for
manufacturing and distributing more than an estimated $2 billion (U.S.) worth of
high-quality counterfeit Microsoft software. The counterfeit software, found in 36
countries and on five continents, contained fake versions of 19 of Microsoft’s most
popular products and was produced in at least 11 languages. [Microsoft greatly
appreciates the work of China’s PSB and the FBI in taking strong enforcement
action against this global software counterfeiting syndicate,” said David Finn,
associate general counsel for Worldwide Anti-Piracy and Anti-Counterfeiting at
Microsoft. “Unfortunately, software counterfeiting is a global, illegal business
without borders. Criminals may be on the other side of the globe and may not
even speak the same language, but they prey upon customers
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Q.20 What is the single worst feature of any editor you have used?
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Q.21 Have you ever failed to do something that an editor could actually do?
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Q.18 What feature[s] do you advise others to look for or avoid?
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